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Objective: Patient controlled analgesia (PCA) is commonly used to provide analgesia following 

surgical procedures in the pediatric population. Morphine and hydromorphone remain the most 

commonly used opioids for PCA. Although both are effective, adverse effects may occur. 

When these adverse effects are unremitting or severe, opioid rotation may be required. In this 

study, we retrospectively evaluated PCA use, the adverse effect profile, and the frequency of 

opioid rotation.

Methods: This retrospective study was performed at Nationwide Children’s Hospital 

(Columbus, OH). The hospital’s electronic registry was queried for PCA use delivering either 

morphine or hydromorphone from January 1, 2008 to December 31, 2010.

Results: A total of 514 patients were identified, that met study entry criteria. Of the 514 cases, 

298 (56.2%) were initially started on morphine and 225 (43.8%) were initially started on 

hydromorphone. There were a total of 26 (5.1%) opioid changes in the cohort of 514 patients. Of 

the 26 switches, 23 of 298 (7.7%) were from morphine to hydromorphone, and 3 of 225 (1.3%) 

were from hydromorphone to morphine (P=0.0008). Of the 17 morphine-to-hydromorphone 

switches with adverse effects, pruritus (64.7%), and inadequate pain control (47.1%) were the 

most common side effects. The most common side effect resulting in a hydromorphone-to-

morphine switch was nausea (66.7%).

Conclusion: PCA switches from morphine-to-hydromorphone (88.5%) were more common 

than vice-versa (11.5%). The most common reasons for morphine-to-hydromorphone switch 

were pruritus and inadequate pain control. These data suggest that a prospective study is 

necessary to determine the side effect differences between morphine and hydromorphone in 

pediatric PCA.
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Introduction
Morphine and hydromorphone, both µ-opioid receptor agonist analgesics, are associ-

ated with typical opioid side effects including nausea, vomiting, pruritus, and cognitive 

disturbances.1 Both opioids are commonly used in patient-controlled analgesia (PCA), 

a device that delivers preset amounts of intravenous medication to the patient each 

time a demand button on the PCA pump is depressed.1 The use of PCA is currently 

the mainstay of acute pain management for children over the age of 6 years, given that 

studies demonstrate improved analgesia, fewer adverse effects, and decreased opioid 

use when compared to intermittent, on-demand opioid dosing.1–6 While both morphine 

and hydromorphone are µ-opioid receptor agonists, more is known about morphine 

than any other opioids, and it is commonly referred to as the “gold standard” for pain 
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management.1,4,7 As the “gold standard”, morphine is the 

first-line medication for postoperative pain control with PCA 

in the majority of pediatric patients.1

There is a belief among health care providers that hydro-

morphone offers better pain control with fewer side effects 

compared to morphine, a belief that Hong et al1 refer to as 

“clinical lore”. The reason this belief is referred to as “clinical 

lore” is because if either drug were consistently found to have 

fewer side effects with equal or greater efficacy, then it would 

clearly be the drug of choice; but as it stands, morphine is 

still considered by most to be the “gold standard”.1 There are, 

however, some pharmacological differences between hydro-

morphone and morphine that may substantiate this “clinical 

lore”. After the administration of either hydromorphone or 

morphine, the onset of the analgesic effect is rapid, but the 

time to maximum analgesia is delayed in patients who receive 

morphine.8 This delay in attaining maximum analgesia for 

morphine is consistent with the hypothesis that one of the 

metabolites of morphine, morphine-6-glucuronide, plays 

a role in analgesia.9 In the setting of a PCA, a more rapid 

onset of maximum analgesia could give the patient better 

pain control.9 Additionally, morphine has been shown to 

induce histamine release while hydromorphone has not.10 

Histamine release may increase the incidence of one of the 

undesirable effects of opioids: pruritus. So, while it may be 

“clinical lore” that hydromorphone has better pain control 

with fewer side effects when compared to morphine, there is 

pharmacological evidence that this lore may be a reality.

At the present time, there are limited and inconclusive 

data that compare the adverse effects of morphine and 

hydromorphone. Even less information is available on their use 

in PCA, and virtually no information is available in the pediat-

ric population. We retrospectively surveyed the use of PCA in 

the pediatric population at our institution and investigated the 

adverse effect profile of morphine and hydromorphone.

Methods
Following approval from the Institutional Review Board of 

the Nationwide Children’s Hospital (Columbus, OH, USA), 

a systemic retrospective review of the medical records was 

performed to identify patients, ranging in age from 4–13 years 

who had received a PCA delivering either morphine or hydro-

morphone from January 1, 2008–December 31, 2010. The 

exclusion criteria included: 1) age ,4 years or .13 years; 

2) a chronic pain condition prior to PCA initiation; 3) a history 

of chronic opioid use; 4) clinically significant comorbid con-

ditions, which may increase the incidence of adverse effects 

to opioids; and 5) a history of an allergy or previous adverse 

reaction to any opioid (Figure 1). The patient population we 

targeted included patients who had limited prior exposure to 

opioids and those who were being treated for acute pain, as 

well acute postsurgical pain. This included, but was not lim-

ited to, patients attending the orthopedic, pediatric, general 

surgery, and gastroenterology services.

When a switch was made from one opioid to another, 

information was extracted as to why the switch was 

made. Pain was assessed by scores on the Visual Analog 

Scale (a score .6 warrants intervention) or scores on the 

Wong–Baker Faces Pain Rating Scale (a score .2 warrants 

intervention).9 The typical protocol followed by the pain 

team in patients with narcotic-related side effects is initiat-

ing a naloxone infusion at a dose of 0.25–0.75 µg/kg/hour 

in conjunction with adjuvant therapy (ondansetron or 

diphenhydramine). If the initial steps of side-effect manage-

ment were unsuccessful (as per the discretion of patient, 

bedside nurse, and pain team), the narcotic PCA was 

switched. The incidence of switching from morphine to 

hydromorphone versus hydromorphone to morphine, as well 

as the incidence of adverse effects, were compared using 
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Figure 1 Inclusion/exclusion flowchart.
Abbreviations: Svc, service; OSA, obstructive sleep apnea.
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a contingency table and Fisher’s exact test. Demographic 

data including patients’ age and weight were compared 

using a unpaired t-test. The data are presented as the mean ± 

standard deviation with P,0.05 considered significant. The 

data were collected from the electronic medical records 

(EpicCare EMR; Verona, WI, USA) and maintained in an 

internal database used by the acute pain service. The initial 

drug choice was made at the discretion of the prescribing 

physician, who was usually a member of the anesthesia 

acute pain team. Unfortunately, this may have led to a 

selection bias if the physician had a preference in terms of 

the initial narcotic.

Results
The cohort for the study included 514 patients. The demo-

graphic data of the two groups are presented in Table 1. Of 

the 514 cases, 298 (56.2%) were initially started on morphine 

and 225 (43.8%) were initially started on hydromorphone. 

In the cohort of 514 patients, 26 required a switch to another 

opioid, for an incidence of 5.1%. Of the 26 switches, 23 

(88.5%) were from morphine to hydromorphone and three 

(11.5%) were from hydromorphone to morphine (Table 2). 

Of the 298 patients started on morphine, 23 (7.7%) were 

switched to hydromorphone, while only three of 225 (1.3%) 

were switched from hydromorphone to morphine (P=0.0008). 

The mean number of days on morphine PCA before switch-

ing to hydromorphone was 2.9±3.1. The average number of 

days on hydromorphone PCA before switching to morphine 

was 2.0±1.0 (P= not significant).

Adverse effects were reported as the reason for the major-

ity of PCA switches (Table 2). Adverse effects were not avail-

able for six of the 23 morphine-to-hydromorphone switches. 

Of the 17 morphine-to-hydromorphone switches with adverse 

effect data available, pruritus (64.7%) and inadequate pain 

control (47.1%) were the most common side effects that 

instigated a change in the PCA opioid (Table 3). The most 

common adverse effect resulting in a hydromorphone-to-

morphine switch was nausea (66.7%).

Discussion
To date, there are limited data available evaluating outcome 

differences in pediatric patients receiving morphine and 

hydromorphone delivered via PCA. In 1994, Dunbar et al3 

described the efficacy and relative safety of PCA use in 

children who developed mucositis following bone marrow 

transplant. The following year, Collins et  al2 produced a 

well-designed crossover study comparing morphine and 

hydromorphone PCA in children undergoing bone marrow 

transplant as well. Unfortunately, this was a very small study 

with a cohort of only ten patients, and no difference in pain 

control or the adverse effect profile of the two opioids was 

noted.2 In a prospective study comparing morphine with 

hydromorphone administered via PCA in adults undergoing 

lower abdominal surgery, a similar analgesic and adverse 

effect profile was noted.8 However, the study included only 

adults, more than 90% of whom were females. Hong et al1 

performed a similar study in adults, comparing adverse 

effects between morphine and hydromorphone PCA. The 

study cohort included 50 adult patients undergoing abdominal 

or pelvic surgery, and the authors conducted an analysis of 

the development of nausea, vomiting, or pruritus within the 

first 8 hours of PCA administration. The authors noted similar 

pain control with no statistically significant difference in the 

development of adverse effects in the 8 hours following the 

initiation of PCA.

A recent meta-analysis by Felden et  al11 evaluated the 

clinical effects of morphine and hydromorphone. The meta-

analysis showed a small advantage for hydromorphone for 

analgesia, but not in regard to the adverse effect profile. 

The authors noted that the results drawn from two studies in 

chronic pain patients suggested that there was an advantage 

of hydromorphone over morphine regarding nausea and 

vomiting; however, when pooled with all the additional 

data for acute pain, the effect was not found to be statisti-

cally significant. The authors also noted that there are a 

limited number of studies from which to draw information, 

and despite the clinical use of hydromorphone for more 

Table 1 Demographic data of the two patient groups*

Morphine Hydromorphone Morphine to  
hydromorphone

Hydromorphone 
to morphine

Number 266 222 23 3
Age (years) 10±2 11±3 11±2 10±3
Weight (kg) 40.0±17.4 45.6±20.5 40.3±14.0 52.0±30.7
Sex
  Male 144 (54.1%) 94 (42.3%) 11 (47.8%) 2 (67.7%)
  Female 122 (45.9%) 128 (57.7%) 12 (52.2%) 1 (33.3%)

Note: *There were no statistically significant differences among the groups.
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than 80 years, they suggested that additional randomized 

controlled trials are required.11 A lack of randomized con-

trolled trials is also purported to be the reason for the inability 

to determine the advantage of hydromorphone over morphine 

in opioid rotation.12 Opioid rotation is a common practice for 

the improvement of pain control and/or drug tolerability.12

Many techniques can be used to combat issues that arise 

during PCA use. Inadequate pain control may be handled with 

an increased PCA dosage, the initiation of a basal infusion, 

or the addition of a secondary analgesic.13 Ondansetron may 

help with nausea and emesis, antihistamines or ondansetron 

may help with pruritus, and a small-dose naloxone infusion 

(0.25–1 µg/kg/hour) can be used to decrease the incidence 

of nausea, emesis, and pruritis.5 When these appropriate 

interventions have been exhausted and/or when side effects 

are rapid and severe, rotation to an alternative opioid may 

help. Among the patients reviewed in our retrospective study, 

patients who were started on morphine PCA had a higher 

propensity to be switched than patients started on hydro-

morphone PCA (8% versus 1.3%, respectively). Pruritus 

and inadequate pain control were the most common side 

effects that were cited as being the reason for the change 

in opioid from morphine to hydromorphone. As previously 

discussed, there is pharmacological evidence as to why there 

may be a higher incidence of pruritus and inadequate pain 

control with morphine as compared to hydromorphone.14–16 

Given the limited data available in the pediatric literature, 

although retrospective, our study is the largest to date, 

presenting data on more patients receiving either morphine 

or hydromorphone administered via PCA. These data sug-

gest that a prospective study should be instituted to more 

precisely determine the differences in regards to analgesia 

and the adverse effect profile observed between these two 

commonly used opioids.
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