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ORIGINAL RESEARCH CONTRIBUTION

Efficacy of Patient-controlled
Analgesia for Patients With Acute
Abdominal Pain in the Emergency
Department: A Randomized Trial

Adrienne Birnbaum, MD, MS, Clyde Schechter, MD, MA, Virginia Tufaro, RN, MPA,
Rebecca Touger, E. John Gallagher, MD, and Polly Bijur, PhD, MPH

Abstract
Objectives: The objective was to assess the efficacy of patient-controlled analgesia (PCA) in the emer-
gency department (ED) and to compare two PCA dosing regimens.

Methods: A randomized controlled trial with three treatment arms was performed in an urban ED.
A convenience sample of ED patients ages 18 to 65 years with abdominal pain of 7 days or less duration
requiring intravenous (IV) opioid analgesia was enrolled between April 2009 and June 2010. All patients
received an initial dose of 0.1 mg ⁄ kg IV morphine followed by physician-managed analgesia as needed.
Patients in the PCA arms also received IV morphine with on-demand doses of 1 or 1.5 mg, with a 6-minute
lockout between doses. Pain intensity was rated by patients on an 11-point numeric rating scale (NRS).
Satisfaction with pain treatment, desire for the same treatment in the future, and need for additional
analgesia were assessed at study end. Adverse events (O2 sat < 92%, respiratory rate [RR] < 10 ⁄ min, sys-
tolic blood pressure [sBP] < 90 mm Hg, and naloxone use) were counted. One-way analysis of variance
was used to test the difference among groups in short-term pain relief, as assessed by mean change in
NRS pain intensity from baseline to 30 minutes and pain over the entire 2-hour study period measured
by area under the curve (AUC) of NRS pain ratings. A post hoc hierarchical linear model was used to
test the observed difference in NRS between the groups between 30 and 120 minutes.

Results: A total of 211 patients were enrolled. A sharp, nearly identical decline in mean NRS scores
occurred from baseline to 30 minutes in the three groups (p = 0.82). Between 30 and 120 minutes, there
was little further decline in the non-PCA NRS scores, while both PCA groups continued to decline
(p = 0.004). The net treatment effect over the entire 2 hours was smallest in the non-PCA group and larg-
est in the group receiving 1.5 mg of morphine (p = 0.06). The mean decline in pain from baseline to
120 minutes postbaseline in both PCA groups was 1.4 NRS units (95% confidence interval [CI] = 0.3 to
2.4) greater than the decline in patients treated without PCA. More patients in the PCA arms reported
satisfaction, wanting the same pain management in the future, and not wanting further analgesics at
120 minutes than patients who did not receive PCA. There were no clinically or statistically significant dif-
ferences in any outcomes between the two PCA groups. One PCA patient had a transient oxygen saturation
of 88% after the initial bolus only, and one non-PCA patient had a brief drop in sBP to 87 mm Hg.

Conclusions: This study provides support for efficacy of PCA when applied to the ED setting. Future
studies designed to assess implementation of this modality in the context of conditions of actual ED
staffing and competing patient demands are warranted.
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A dministration of opioids constitutes standard
management of acute moderate to severe pain.
Interindividual variability in opioid require-

ment, necessitating titration to individually required
dose,1 high patient-to-physician and -nurse ratios,2 and
multiple urgent competing patient demands, constitute
challenges to adequate emergency department (ED) pain
management. Patient-controlled analgesia (PCA) is a
modality that allows the patient to administer small
boluses of analgesic by activation of an intravenous (IV)
infusion pump. An initial analgesic loading dose can be
provided, with additional patient-administered doses
available at a predetermined dose and frequency.
Despite widespread application of PCA in the postopera-
tive setting,3–5 there is a paucity of published research on
use of PCA for treatment of pain in the ED.

Patient-controlled analgesia may have the potential to
address analgesic needs of ED patients by allowing an
initial loading dose of opioid to be administered to
patients with acute severe pain, followed by patient-
initiated demand dosing to bridge the gap between
pain relief provided by the initial dose and that desired
by patients with higher analgesic requirements. It may
also provide a means for additional patient-initiated
dosing to maintain a steady state of analgesia over
time.

The goals of this investigation were to assess efficacy
of PCA when applied to the ED setting and to compare
two PCA dosing regimens. We hypothesized that PCA
would provide greater short-term pain relief (as mea-
sured over an initial 30-minute period of use) and be
associated with less overall pain during the entire
2-hour study period when compared to non-PCA physi-
cian-administered analgesia. Further, we hypothesized
that patients who received a higher demand dose of
morphine via PCA would experience greater short-term
pain relief and less overall pain than those with a lower
demand dose.

METHODS

Study Design
A randomized controlled trial with three treatment
arms was performed. The study was registered with
ClinicalTrials.gov (Identifier NCT00910208). Funding for
the study was provided by the National Institutes of
Health ⁄ National Institute of Nursing Research. The
study was approved by the institutional review board
of the Albert Einstein College of Medicine. Written
informed consent was provided by all participants.

Study Setting and Population
The study was conducted in an urban ED with approxi-
mately 75,000 annual adult visits. The center serves a
predominantly Hispanic and African American patient
population and has an emergency medicine residency
training program.

Patients age 18 to 65 years presenting to the ED
between April 3, 2009, and June 30, 2010, with a chief
complaint of abdominal pain of at most 7 days’ duration,
and deemed by the ED attending physician to require IV
opioid analgesia, were eligible for inclusion. Exclusion
criteria were use of prescription or nonprescription

opioids within 24 hours; long-term use of opioids or
chronic pain syndrome; clinician suspicion of opioid
dependence or abuse; clinical suspicion of intoxication;
pregnancy or breastfeeding; history of chronic obstruc-
tive pulmonary disease, sleep apnea, renal insufficiency,
or renal failure; oxygen saturation of < 97% on room
air or systolic blood pressure (sBP) < 100 mm Hg on
presentation; use of monoamine oxidase inhibitors,
phenothiazines, or tricyclic antidepressants; prior aller-
gic reaction to morphine; inability to provide informed
consent; and previous entry into the study.

Study Protocol
Patients meeting inclusion criteria were identified by a
research associate and research nurse present in the
ED during weekday daytime hours using continuous
surveillance of the ED triage log and provider referral.
Patients meeting inclusion criteria and providing
informed consent with the research associate were
assigned in a 1:1:1 allocation ratio to three treatment
groups. A random allocation schedule was generated in
blocks of 12, using an on-line random plan generator
(http://www.randomization.com). Blocking was used to
ensure that comparison groups would be of approxi-
mately equal size throughout the course of the study.
The allocation schedule was used to fill opaque, consec-
utively numbered envelopes with group assignment
information. The decision to include or exclude a partic-
ipant was made without knowledge of the next assign-
ment in the sequence. The next sequentially numbered
envelope was selected by the study nurse at the time of
enrollment to ascertain group assignment. All patients
were instructed in use of the numeric rating scale
(NRS) pain scale by the research associate. Patients
assigned to PCA were instructed in use of the device
(Curlin PainSmart Pain Management System, Moog
Inc., Salt Lake City, UT) by the research nurse. Partici-
pants, care providers, and study personnel were not
blinded to group assignment. Baseline assessment of
pain and sedation was made.

The intervention for the non-PCA group consisted of
administration of a bolus of 0.1 mg ⁄ kg IV morphine
and physician-managed analgesic supplementation as
needed. The intervention for the two PCA arms of the
study consisted of administration of a loading dose
bolus of 0.1 mg ⁄ kg IV morphine and a PCA demand
dose of either 1.0 mg IV morphine or 1.5 mg IV mor-
phine, depending on group assignment. For both PCA
groups there was a lockout interval (time from the end of
delivery of one dose until the PCA pump will respond to
another patient demand for analgesia) of 6 minutes and
supplemental physician-managed analgesia as needed.

The initial morphine loading dose was administered
over 4 to 5 minutes for all groups, via the PCA pump
for those assigned to PCA and manually for the non-
PCA group. Standard nursing protocol at our institu-
tion provides for pain reevaluation every 30 minutes for
the first 2 hours after IV opioid dosing.

Oxygen saturation (measured by pulse oximetry) and
respiratory rate (RR) were monitored continuously by a
research nurse located at a nursing station directly outside
the patient’s room, and blood pressure was measured
every 10 minutes. A specific protocol for intervention and
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recording of events was in place for initiation by the
research nurse in the event of oxygen saturation on
room air less than 92%, RR less than 10 breaths ⁄ min,
or sBP less than 90 mm Hg.

Measurements
Patients were asked by the research associate to rate
pain intensity on a previously validated 11-point ver-
bally administered NRS, ranging from 0 equal to ‘‘no
pain’’ to 10 equal to ‘‘worst possible pain.’’6 The NRS
has been shown to be equivalent to the previously used
visual analog scale, has nearly identical minimum clini-
cally significant differences, and has been used exten-
sively to measure acute pain in clinical studies
performed in the ED. It has the advantage of verbal
administration.

The NRS pain intensity measurement was adminis-
tered at baseline (prior to morphine loading dose) and
at 30, 60, 90, and 120 minutes from the end of the load-
ing dose administration. Nausea, vomiting, and pruritus
during each time period were ascertained by patient
report and recorded every 30 minutes. Sedation was
measured using a modified Ramsay Sedation Scale7 and
recorded every 30 minutes. This observer rating scale
was developed and has been validated for evaluation of
sedation in intensive care unit patients.

Results of oxygen saturation, RR, and blood pressure
measurements as well as any necessary interventions
for adverse events were recorded by the nurse every
10 minutes. At study completion, satisfaction was
assessed by having the research associate ask patients,
‘‘How satisfied are you with the result of your pain
treatment overall?’’ using the scale ‘‘very dissatisfied,’’
‘‘dissatisfied,’’ ‘‘uncertain,’’ ‘‘satisfied,’’ and ‘‘very satis-
fied.’’ Patients were asked, ‘‘If you were to come to the
ED again with the same kind of pain, would you like
the same pain management that you had today?’’ and
‘‘Do you want more pain medication?’’

Age and sex were obtained from the medical record
or patient. Ethnicity and weight were self-reported.
Administration of additional analgesics was ascertained
from observation by the research nurse, review of the
electronic medical record system in which all medica-
tion orders are placed, and consultation with the ED
staff.

Efficacy of PCA was assessed by comparison of the
following prespecified measures of short and long-term
pain relief. Short-term pain relief was assessed by
change in pain intensity, measured by NRS, from base-
line to 30 minutes after loading dose. This time period
was chosen a priori as a reflection of degree of early
pain relief offered by the loading dose, supplemented
by patient-driven titration using additional demand
doses for patients receiving PCA and any clinician-
titrated analgesia for patients not receiving PCA. Long-
term overall pain was assessed by area under the curve
(AUC) of NRS pain ratings over the entire 2-hour study
period. Satisfaction with pain treatment, desire for
same treatment in the future, and desire for additional
analgesia, as assessed at study end, constituted secondary
outcome measures of efficacy.

Incidence of adverse events constituted the primary
measure of safety. The number of patients with oxygen

saturation < 92% on room air, RR < 10 breaths ⁄ min,
sBP < 90 mm Hg, and administration of naloxone at any
time point were counted for each group. Safety was
assessed by comparison of adverse events between
groups.

Data on PCA morphine administration were obtained
by download directly from PCA pumps and recorded
for each time period. Data were double-entered inde-
pendently by two individuals into a database by SPSS
Data Entry 4.0 (SPSS, Inc., Chicago, IL). All discordance
between the two data sets was reconciled by referral to
the original hardcopy of the data collection instrument
or PCA downloaded history.

Data Analysis
Characteristics of the sample and treatment are
described with means, standard deviations, medians,
interquartile range, and percentages as appropriate.
A box-and-whisker plot was used to display the distri-
bution of NRS scores over time in the three groups.

Two prespecified statistical tests were performed to
address the primary hypotheses, i.e., that PCA would
provide greater short-term pain relief, and that patients
in the PCA groups would experience less total pain
over the 2-hour study period when compared to the
non-PCA group. The first was a one-way analysis of
variance (ANOVA) that compared the mean change in
pain intensity from baseline to 30 minutes after loading
dose. The dependent variable was the NRS score at
30 minutes subtracted from the NRS score at baseline.
To test the second hypothesis, we integrated the differ-
ence between NRS score at each time point, and base-
line NRS score over the two-hour period. This
integrated difference is the area between the NRS curve
and a horizontal axis located at the patient’s baseline
and is referred to as the AUC. Because NRS scores typ-
ically decline with time, the AUC values in our study
are negative numbers. Using each patient’s baseline
NRS as the starting point rather than an NRS of zero
adjusts for initial patient-specific differences in experi-
ence and reporting of pain intensity. We used a one-
way ANOVA to test the overall treatment effect on the
AUC outcome.

We tested the assumptions of the ANOVA. We found
no violations of the assumption of homogeneity of vari-
ance and no influential outliers. There was slight skew-
ness of the residuals of the change in pain. The
distribution of the residuals of AUC values was lep-
tokurtic. ANOVA has been found to be robust to viola-
tions of normality with large sample size and equal
numbers of observations in all groups. As our data
meet those conditions, we have chosen to use paramet-
ric statistics to test the hypotheses. A 0.05 significance
criterion was used for the statistical tests. Results of the
analysis of the secondary outcomes are shown as point
estimates and 95% confidence intervals (CI). MedCalc
(MedCalc Software, Mariakerke, Belgium) was used for
the tests of the AUC, and SPSS version 17.0 for all
other analyses.

Examination of the graphical representation of NRS
over time suggested a two-phase model, the first from
baseline to 30 minutes postbaseline and the second
from 30 to 120 minutes postbaseline. In addition to the
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planned analyses, we used a post hoc hierarchical lin-
ear model to compare change in pain over time among
the three groups in the second phase. The hierarchical
linear model has NRS score as the dependent variable.
The fixed effects are randomization group, time (repre-
sented as a linear spline with knot at 30 minutes), and
group-by-time interactions. A random effect at the
person level is included. The bottom-level residual
covariance was unstructured, and a Huber-White
robust variance estimator was used.

A sample size of 210 patients (70 patients per group)
was calculated based on an ANOVA between-groups
testing equivalence of mean change in NRS from time 0
to 30 minutes using significance criterion of 0.05, vari-
ance of mean NRS of 0.6, and a common within-group
standard deviation of 3 NRS units. The variance of the
means was calculated using the following estimated
mean change in NRS from baseline to 30 minutes in the
three groups: non-PCA comparison group = 3.0, 1.0-mg
demand dose = 4.3, and 1.5-mg demand dose = 4.8.
Several studies have indicated that a difference in
change of 1.3 NRS units between groups is the minimal
clinically significant difference.8 To account for attrition
and protocol violations, we planned to enroll 228
patients to ensure that there would be at least 70 in
each group. nQuery Advisor version 6.0 (Statistical
Solutions, Boston, MA) was used to calculate the
sample size.

RESULTS

Research staff approached 973 patients 18 to 65 years
of age with abdominal pain requiring opioid analgesia;
762 patients (78%) were excluded. The most common
reasons for exclusion were having taken opioids in the
past 24 hours (n = 185); pregnant or breastfeeding
(n = 155); chronic pain syndrome (n = 70); and sus-
pected opioid dependence, opioid abuse, or use of

methadone (n = 68). The number of enrolled and
randomized patients was 211 (22%). Five patients had
protocol violations; thus data from 206 patients were
analyzed (Figure 1).

Sample characteristics are presented in Table 1. The
majority of the patients were women and Hispanic. The
median baseline NRS was 9 (interquartile range = 8 to 10).
Table 2 summarizes the pain treatment received by
patients in the three groups across the 2-hour study
period.

Figure 2 shows the distribution of NRS pain scores at
each time point by group. Table 3 shows mean pain
scores at each time point by group. There was a sharp
decline in mean NRS pain intensity scores between
baseline and 30 minutes postbaseline: 3.6 (95% CI = 2.9
to 4.4) for the non-PCA group, 3.8 (95% CI = 3.0 to 4.6)
for the PCA 1.0-mg demand dose group, and 4.0 (95%
CI = 3.3 to 4.6) for the PCA 1.5-mg demand dose group.
This change was nearly identical in the three groups.
There was no statistically significant difference in mean
change in NRS pain scores between groups from base-
line to 30 minutes (p = 0.82).

The long-term net treatment effect over the entire
2 hours was smallest in the non-PCA group and largest
in the group receiving 1.5 mg of morphine:
AUC = )13.6 (95% CI = )15.9 to )11.3) in the non-PCA
group, )16.4 (95% CI = )18.8 to )14.1) in the 1.0-mg
PCA group, and )17.4 (95% CI = )19.7 to )15.1) in the
1.5-mg PCA group (p = 0.06).

A post hoc examination of the distribution of pain
scores over time suggested that there were two distinct
phases: the immediate 30-minute period after adminis-
tration of the initial bolus and the subsequent 90 min-
utes. The pain intensity scores of patients in the three
groups diverged in the second phase (from 30 to
120 min) as assessed by the hierarchical linear analysis
(p = 0.004). Patients in the non-PCA group experienced
little or no further decline in NRS score, while the NRS
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Assessed for eligibility (N=973)

Excluded (n=762)
♦ Did not meet inclusion criteria (n=686)
♦ Declined to participate (n=24)
♦ Other reasons (n=52)

Analyzed (n=69)

Discontinued intervention (n=1)
Chest pain after loading dose, patient chose
to withdraw

NON-PCA
Allocated to intervention (n=70)
♦ Received allocated intervention (n=70)
♦ Did not receive allocated intervention (n=0)

Discontinued intervention (n= 0)

PCA 1.5 mg
Allocated to intervention (n=72)
♦ Received allocated intervention (n=70 )
♦ Did not receive allocated intervention (n=2) 
Pain-free before intervention 
Wanted hydromorphone 

Analyzed (n=70)

Randomized (n= 211)

PCA 1.0 mg
Allocated to intervention (n=69)
♦ Received allocated intervention (n=67)
♦ Did not receive allocated intervention (n=2 )
Did not understand pump 
Delay in IV access 

Discontinued intervention (n=0)

Analyzed (n=67)

Figure 1. CONSORT diagram. PCA = patient-controlled analgesia.
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scores of patients in the 1.0- and 1.5-mg PCA groups
continued to decline. The decline in pain in the two
PCA groups was similar during this 30- to 120-minute
time period (p = 0.29). The mean decline in pain from
baseline to 120 minutes postbaseline reported by
patients in both the 1.0-mg PCA and the 1.5-mg PCA
groups was 1.4 NRS units (95% CI = 0.3 to 2.4) greater
than the decline in patients treated without PCA.

The secondary outcomes that reflected efficacy of
treatment at the end of the study were all strongly
associated with treatment (Table 4). More patients
receiving PCA than those who did not receive PCA
reported satisfaction, wanting the same pain
management in the future, and not wanting further
analgesics at 120 minutes. There were no significant
differences between the two PCA arms for any of the
secondary outcomes.

None of the patients required naloxone to reverse the
effects of treatment. Two patients experienced a priori
specified adverse events. One patient in the 1.5-mg
PCA demand dose group had a transient oxygen desat-
uration of 88% on room air within 10 minutes postbase-
line after receiving only the loading dose. The oxygen
saturation returned to 100% and remained at that level
on 1 liter of oxygen per minute administered by nasal
canula and removed after 5 minutes. One patient in the
non-PCA group experienced a drop in sBP to 87 mm
Hg 10 minutes after the morphine loading dose. After
receiving 500 mL of normal saline, the sBP rose to
117 mm Hg by 20 minutes. While sedation was not
defined as an adverse event, one patient in the 1.0-mg
demand dose group responded sluggishly to loud
sound, after also receiving lorazepam. Twenty-two
patients were asleep at one or more points during the
study but had a brisk response to sound. The side effect
profile was similar in all three groups (Table 5).

DISCUSSION

This study was designed to assess efficacy of two PCA
dosing regimens when compared to physician-adminis-
tered analgesia in the ED. To the best of our knowl-
edge, few prior published studies have evaluated
application of PCA to this setting. Evans et al.9 reported
on the results of an ED trial that included 86 trauma
patients randomized to receive either PCA or nurse-
titrated analgesics. These authors did not find a signifi-
cant difference between groups with respect to pain
relief or patient satisfaction, but concluded that PCA is
at least as effective as titrated IV injections and has
considerable potential for use in the ED. Use of nurse-
titrated analgesia (an effective but labor-intensive
option) in the comparison group, and a relatively small
PCA loading dose (5 mg morphine), may have contrib-
uted to the lack of an observed difference between
treatment groups. A further limitation of the study by
Evans et al. is a relatively small sample size, which was
underpowered to detect potentially significant differ-
ences between the two treatment groups in efficacy.9

Another comparison of intermittent IV morphine injec-
tion compared to PCA at two doses in ED sickle cell
patients was similarly limited by small numbers of
patients (10 to 13 per group), low power, and small
PCA loading doses (2 or 5 mg morphine).10 These

Table 1
Patient Characteristics

Characteristic
Non-PCA
(n = 69)

PCA

1.0 mg
(n = 67)

1.5 mg
(n = 70)

Sex
Male 18 (26.1) 24 (36.4) 23 (32.9)
Female 51 (73.9) 43 (64.2) 47 (67.1)

Race ⁄ ethnicity
Hispanic* 37 (53.6) 41 (61.2) 46 (65.7)
Black or African
American

25 (36.2) 16 (23.9) 15 (21.4)

White 5 (7.2) 3 (4.5) 4 (5.7)
Asian ⁄ other 2 (2.9) 7 (10.4) 5 (7.1)

Initial pain intensity (NRS)
2–6 4 (5.8) 6 (9.0) 4 (5.7)
7 13 (18.8) 5 (7.5) 6 (8.6)
8 10 (14.5) 8 (11.9) 17 (24.3)
9 11 (15.9) 11 (16.4) 11 (15.7)
10 31 (44.9) 37 (55.2) 32 (45.7)

Age (yr),
mean (±SD)

37 (±12) 34 (±10) 38 (±12)

Weight (kg),
mean (±SD)

84 (±31) 83 (±21) 80 (±15)

Data reported as n (%) except as noted.
*Four African American Hispanic patients were categorized
as Hispanic.
NRS = numerical rating scale; PCA = patient controlled anal-
gesia.

Table 2
Characteristics of Treatment

Characteristic Non-PCA (n = 69)

PCA

1.0 mg (n = 67) 1.5 mg (n = 70)

Loading dose (mg) 7.9 (7.5 to 8.3) 8.0 (7.7 to 8.4) 7.9 (7.6 to 8.2)
Additional dose (mg) in 30 minutes after
the loading dose

0.1 ()0.1 to 0.3) 1.0 (0.7 to 1.3) 1.2 (1.0 to 1.6)

Total dose (mg) in 120 minutes 9.6 (8.8 to 10.5) 13.7 (12.5 to 14.8) 14.6 (13.6 to 5.7)
Number of patients who received supplementary
clinician-initiated analgesics in 2-hour period (%)

20 (28.9) 4 (6.0) 0 (0.0)

Values are mean (95% CI) unless otherwise noted.
PCA = patient-controlled analgesia.
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authors did not find a significant difference in pain
between groups, but concluded that PCA is equally safe
and effective and may be used in place of IV morphine
administration.10

Contrary to an initial hypothesis that predicted a dif-
ference in pain relief by 30 minutes, all three treatment
groups in our study experienced similar sharp declines
in pain intensity from the time of the initial loading
dose to 30 minutes. There was no observed difference
in mean change in NRS pain scores between groups
from baseline to 30 minutes. The relatively large size of
the loading dose (0.1 mg ⁄ kg) in relation to the patient-
initiated boluses likely contributed to the similar change
in mean NRS that occurred for all three groups during
the first 30 minutes and attenuated (but did not erase)
the overall difference observed between the non-PCA
versus both PCA groups over 2 hours as assessed by
AUC. We chose this loading dose to ensure that all
patients would receive active medication at a level that
has been recommended as a starting dose.11 The mag-
nitude of the overall difference in mean change in pain
intensity between each PCA group and the non-PCA
group (1.4 NRS units) is in the range of values generally
considered to be clinically significant (1.3 NRS units).8

After 30 minutes, mean pain scores for the PCA and
non-PCA groups diverged. PCA was associated with a
greater decline in pain after 30 minutes when compared
to physician-managed analgesia. This observed benefit
of PCA, accrued after 30 minutes, suggests that sus-
tained access to analgesia provided by PCA was associ-
ated with ongoing titration to pain relief beyond that
provided by the loading dose plus physician-adminis-
tered analgesia. Our results did not support superiority
of a 1.5-mg PCA bolus dose over 1 mg. Total mean
amount of morphine received by patients in the two
PCA groups was very similar.

Despite receiving fewer clinician-initiated supplemen-
tary analgesic doses, patients in the PCA groups
accessed larger overall mean amounts of morphine
than patients in the non-PCA group. Sustained use of
PCA beyond the loading dose by patients in the PCA
groups supports prior reports that a 0.1 mg ⁄ kg dose of

Figure 2. Pain scores by time and group.* *The horizontal line
within each rectangle indicates the median (50th percentile).
The upper and lower limits of each rectangle represent the 25th
and 75th percentiles. The difference between the 25th and 75th
percentiles is the interquartile range. The upper and lower ticks
outside the rectangle (upper and lower adjacent values) repre-
sent the most extreme data points that are within 1.5 times the
interquartile range from the end of the rectangle. Points beyond
this range (outliers) are represented by dots. NRS = numeric
rating scale; PCA = patient-controlled analgesia.

Table 3
Mean NRS Pain Score by Time and Group

Time Non-PCA

PCA demand dose

1.0 mg 1.5 mg

Baseline 8.7 (8.4–9.1) 8.9 (8.5–9.3) 8.8 (8.5–9.1)
30 minutes 5.1 (4.4–5.8) 5.1 (4.4–5.8) 4.9 (4.2–5.5)
60 minutes 4.9 (4.1–5.7) 4.5 (3.8–5.1) 4.2 (3.6–4.8)
90 minutes 5.0 (4.2–5.7) 3.9 (3.2–4.5) 3.5 (2.8–4.1)
120 minutes 4.7 (3.9–5.5) 3.5 (2.8–4.2) 3.4 (2.8–4.1)

Values are reported with 95% CI in parentheses.
NRS = numeric rating scale; PCA = patient-controlled analgesia.

Table 4
Secondary Outcomes at 120 Minutes

Outcome

Non-PCA
(n = 69)

PCA demand dose

1.0 mg (n = 67) 1.5 mg (n = 70)

n* % (95% CI) n % (95% CI) n % (95% CI)

Dissatisfied 9 13.4 (6.3–24.0) 2 3.0 (0.4–10.4) 1 1.4 (0.0–7.8)
Uncertain 10 14.9 (7.4–25.7) 3 4.5 (0.9–12.5) 2 2.9 (0.3–10.1)
Satisfied 48 71.6 (59.3–82.0) 62 92.5 (83.4–97.5) 66 95.7 (87.8–99.1)
Would not want same pain

management in future
14 21.2 (12.1–33.0) 2 3.1 (0.4–10.7) 1 1.5 (0.0–7.9)

Uncertain 5 7.6 (2.5–16.8) 3 4.6 (1.0–12.9) 3 4.4 (0.9–12.4)
Would want same pain
management in future

47 71.2 (58.7–81.7) 60 92.3 (83.0–97.5) 64 94.1 (85.6–98.4)

Want more pain medication 22 35.5 (23.7–48.7) 10 15.4 (7.6–26.5) 5 7.9 (2.6–17.6)
Do not want more pain medication 40 64.5 (51.3–76.3) 55 84.6 (73.5–92.4) 58 92.1 (82.4–97.4)

PCA = patient-controlled analgesia.
*Numbers do not add up to total number in each group due to missing data.
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morphine is not adequate for many patients12 and that
patients in the PCA groups were able to access addi-
tional desired analgesia without clinician intervention.

There were striking differences between PCA and
non-PCA groups in secondary outcome measures of
efficacy, i.e., satisfaction with pain treatment, desire for
the same treatment in the future, and need for addi-
tional analgesia 2 hours after initial treatment.

There was no evidence of excess adverse events or
side effects in the PCA groups. No adverse events were
observed after the initiation of PCA bolus dosing in
either PCA arm.

LIMITATIONS

The absence of blinding has the potential to introduce
bias; however, a blinded study design was not consid-
ered desirable for several reasons. First, the goal was to
allow a clinically relevant comparison of PCA with
‘‘usual’’ clinician-initiated bolus dosing. Successful
blinding would require that all patients be placed on a
PCA device with two arms receiving active drug and the
third receiving placebo. This design would therefore fail
to provide a comparator group of usual non-PCA care.
It was also anticipated that uncertainty on the part of
patients as to whether they were receiving active anal-
gesia would likely influence self-dosing behavior and
therefore confound the desired observation of analgesic
effect resulting from use of known active PCA. Simi-
larly, lack of knowledge on the part of the treating phy-
sician as to whether the patient had access to active

drug or placebo would be expected to influence deci-
sion-making about safety and desirability of providing
supplemental analgesia. Finally, use of placebo for
patients with inadequately treated pain for any period
of time was considered ethically unacceptable.

While blinded studies have been used to compare dif-
ferent analgesics administered by PCA,13 the standard
design used in studies of the efficacy of PCA conducted
in postoperative care,3–5 and the two studies that have
addressed this issue in EDs9,10 have compared adminis-
tration of analgesic via PCA with administration of the
same analgesic by health care providers in a nonblin-
ded fashion. To minimize bias, the research nurse and
research associate in our study were provided with
scripts to use when interacting with patients.

This study was conducted at a single center. While
there is no a priori reason to suspect that pain reassess-
ment and redosing at this institution differ significantly
from that of other institutions, it is certainly possible
that differences exist. All study patients could receive
additional analgesia subsequent to the initial loading
dose of morphine at the discretion of the treating phy-
sician. We intentionally did not implement a strict pro-
tocol for pain reassessment or additional analgesic
dosing because our intent was to compare PCA to a
clinically relevant comparator of ‘‘usual care’’ given the
constraints that occur in actual ED care, as opposed to
comparison with idealized care. A future multicenter
study with heterogeneous practice settings is warranted
to confirm these results.

The exploratory nature of this study required the
presence of a research nurse designated for the care
and monitoring of enrolled patients. Results obtained
may therefore not be representative of those that would
be obtained during actual implementation in a busy ED
with other nurse to patient ratios. Future implementa-
tion studies are therefore warranted to confirm these
results.

Patients with undifferentiated abdominal pain were
chosen as the study group because abdominal pain is a
common reason for presentation to the ED, is often
associated with prolonged ED stays for diagnostic stud-
ies, and thus requires pain control over an extended
period of time, for which PCA is well suited. These
results are not necessarily generalizable to other painful
conditions encountered in the ED.

PCA was not associated with an increase in observed
adverse events in this study. However, the sample size
does not provide adequate power for a formal statisti-
cal analysis of safety. This study does not address feasi-
bility of widespread implementation of ED PCA use,
nor does it provide time or cost-effectiveness analyses.
The goal was to provide preliminary information on
efficacy and dosing with a plan for future studies to
address these other important issues.

CONCLUSIONS

This study provides support for efficacy of patient-con-
trolled analgesia when applied to the ED setting. Future
studies designed to assess implementation of this
modality in the context of conditions of actual ED staff-
ing and competing patient demands are warranted.

Table 5
Side Effects

Side Effect* Non-PCA

PCA

1.0 mg 1.5 mg

Nausea
In all patients 32 ⁄ 69 (46.4) 32 ⁄ 67 (47.8) 21 ⁄ 70 (30.0)
In patients not
nauseated at
baseline

3 ⁄ 15 (20.0) 5 ⁄ 19 (26.3) 1 ⁄ 19 (5.3)

Vomiting
In all patients 11 ⁄ 69 (15.9) 10 ⁄ 67 (14.9) 10 ⁄ 70 (14.3)
In patients not
vomiting or
nauseated at
baseline

1 ⁄ 14 (7.1) 3 ⁄ 19 (15.8) 1 ⁄ 18 (5.6)

Pruritis in all
patients

4 ⁄ 69 (5.8) 8 ⁄ 67 (11.9) 10 ⁄ 70 (14.3)

Level of sedation
Awake� 60 61 63
Brisk response
to loud sound

9 5 7

Sluggish
response to
loud sound

0 1 0

No response to
loud sound

0 0 0

Data are reported as n (%).
PCA = patient-controlled analgesia.
*Side effect reported at one or more times in 2-hour period.
�Sedation coded as ‘‘awake’’ compared with ‘‘brisk ⁄ sluggish
response’’ for statistical test.
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