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Study objective: We compare a high initial dose of 2 mg intravenous hydromorphone against titration of 1 mg
intravenous hydromorphone followed by an optional second dose.

Methods: Patients aged 21 to 64 years with severe pain were randomly allocated to 2 mg intravenous
hydromorphone in a single bolus or the “1�1” hydromorphone titration protocol. 1�1 Patients received 1 mg
intravenous hydromorphone followed by a second 1 mg dose 15 minutes later if they answered yes when asked,
Do you want more pain medication? The primary outcome was the between-group difference in proportion of
patients who declined additional analgesia at 60 minutes.

Results: Of the 350 enrolled patients, 334 had sufficient data for analysis. The proportion who declined
additional analgesics was 67.5% in the 2 mg bolus arm and 67.3% in the 1�1 titration arm (difference 0.2%;
95% confidence interval �9.7% to 10.2%). The between-group difference in numeric rating scale pain scores
was 0.4 numeric rating scale units (95% confidence interval �0.3 to 1.1). The incidence of adverse effects was
similar; 42.3% of 1�1 patients achieved satisfactory analgesia at 1 hour with only 1 mg hydromorphone.

Conclusion: A hydromorphone 1�1 titration protocol provides similar pain relief to an initial 2 mg bolus dose,
with no apparent clinical advantage to the latter. The 1�1 titration protocol had an opioid-sparing effect
because 50% less opioid was needed to achieve satisfactory analgesia for 42.3% of patients allocated to this
protocol. [Ann Emerg Med. 2013;62:304-310.]
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INTRODUCTION
Background

During the past 20 years, an increasing proportion of
patients presenting to the emergency department (ED) in acute
pain have received opioid analgesics.1 Yet adequate treatment of
acute pain in many ED patients remains an elusive goal,2-7 in
large part because of the marked interindividual variability in
pain perception and response to opioids.8-12 It is primarily this
unexplained though commonly observed population variance
that supports the use of titration to achieve satisfactory
analgesia.13-17

Administration of small doses of intravenous opioids every 3
to 5 minutes until pain relief is achieved, as typically practiced
in postoperative care settings, is highly appealing. However, this
is simply not feasible in most EDs because of ubiquitous and

progressive crowding.18,19 s
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Taking into consideration the heightened risk of adverse
ffects associated with administration of too large or too rapid a
ose of intravenous opioid, we wished to develop a modified
itration strategy appropriate to the constraints of the ED.

After conducting a series of prospective interventional
fficacy and safety studies examining different intravenous
pioids administered in a range of doses during systematically
arying intervals,20-27 we have reached a point at which we have
elected 1 mg intravenous hydromorphone as our preferred
ncremental dose of opioid.22-24

mportance
The central question of this investigation is to determine the

ptimal dose of intravenous hydromorphone with which to
nitiate an ED pain protocol targeted at attainment of

atisfactory analgesia within a reasonable timeframe. Our
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Chang et al Hydromorphone for Acute Severe Pain in the Emergency Department
hypothesis is that 2 mg intravenous hydromorphone
administered initially as a single intravenous bolus will provide
superior analgesia at 60 minutes compared with the “1�1”
hydromorphone titration protocol, in which 1 mg
hydromorphone is administered initially, with a second 1 mg
dose administered if the patient indicates a need for additional
analgesia when asked 15 minutes later.22-24

Both these regimens have been shown to be more efficacious
than “usual care,” using decrements in the proportion of
patients who decline additional analgesia as the primary
outcome.24,27 There are several reasons, however, that would
make it methodologically invalid to use data from these previous
studies to make direct comparisons of the 2 protocols, most
notably because the primary outcomes of these studies were
measured at different times.

Goals of This Investigation
The goal of the present study is to directly compare these 2

protocols (2 mg intravenous hydromorphone bolus vs 1�1
intravenous hydromorphone titration) head to head. The
primary efficacy outcome was the difference in the proportion
of patients in each arm who, when asked, declined additional
pain medication at 60 minutes after receiving their first dose of
intravenous hydromorphone. The primary safety outcome was
use of naloxone as a reversal agent.

MATERIALS AND METHODS
Study Design

Randomized clinical trial comparing efficacy and safety of
the 2 mg intravenous hydromorphone bolus protocol to that of
the 1�1 intravenous hydromorphone titration protocol. The
study was approved by the Montefiore Medical Center
institutional review board and registered at

Editor’s Capsule Summary

What is already known on this topic
Hydromorphone is widely used in the emergency
department.

What question this study addressed
Which is better for severe pain: a single 2 mg
intravenous dose or a 1 mg intravenous dose
repeated if needed after 15 minutes?

What this study adds to our knowledge
Pain relief was similar between groups in this 334-
adult randomized controlled trial.

How this is relevant to clinical practice
There is no reason to administer hydromorphone 2
mg intravenously in place of the “1�1” protocol.
http://www.clinicaltrials.gov (NCT01311895). 1
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etting
The study took place in an adult academic inner-city ED

hose annual census exceeds 100,000 patients, many of whom
re underserved minorities.

election of Participants
Patients were aged 21 to 64 years and presenting to the ED

ith acute pain (“acute” was defined as pain of less than 7 days’
uration28) of sufficient severity to warrant use of intravenous
pioids in the judgment of the ED attending physician.
xclusion criteria were allergy to opioids, systolic blood pressure

ess than 90 mm Hg, room air oxygen saturation by pulse
ximetry less than 95%, alcohol or other drug intoxication as
udged by the attending physician, use of other opioids within
he past 7 days, use of a monoamine oxidase inhibitor, weight
ess than 150 pounds, pregnancy, presence of a chronic pain
yndrome (such as sickle cell disease or fibromyalgia), or patients
hose ED attending physicians were part of the research group.

Patients were recruited and enrolled by trained experienced
esearch associates fluent in English and Spanish, 24 hours per
ay, 7 days per week, from January through November 2011.

nterventions
After signing a written English or Spanish informed consent,

atients were randomized to receive 2 mg intravenous
ydromorphone given as a single bolus during 1 to 2 minutes or
he 1�1 hydromorphone titration protocol. Assignments were
enerated by an online random-number generator
http://www.randomization.com) and placed in sealed opaque
nvelopes that were opened in sequential order by research
ssociates. All patients received supplemental 2 L nasal cannula
xygen in response to a greater-than-expected incidence of
xygen desaturation in a previous study of the safety and
fficacy of the 2 mg intravenous hydromorphone protocol.26

Patients in the 1�1 hydromorphone titration group received
n initial dose of 1 mg intravenous hydromorphone. Fifteen
inutes later, they were asked the standardized question, Do

ou want more pain medication? Patients who answered yes
eceived an additional 1 mg intravenous hydromorphone.
ntiemetics were administered in response to symptoms of
ausea or vomiting. Intravenous diphenhydramine 25 to 50 mg
as administered to patients with symptomatic pruritus.
dministration of additional analgesics and antiemetics was

racked for the duration of the study.

ethods of Measurement
We used the response to the question, Do you want more

ain medication? as our primary efficacy outcome. Subjects were
lso asked to rate their pain on a previously validated and
eproducible numeric rating scale that ranged from 0 (“no
ain”) through 10 (“worst pain possible”).29 Pain scores and
xygen saturation were recorded at baseline (0 minutes), every
inute for the first 5 minutes, and at 15, 30, 45, 60, 90, and
20 minutes after initial administration of opioid. Systolic
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Hydromorphone for Acute Severe Pain in the Emergency Department Chang et al
blood pressure, pulse rate, nausea, vomiting, and pruritus were
measured at 5, 15, 30, 45, 60, 90, and 120 minutes after initial
administration of intravenous opioid.

Outcome Measures
The primary efficacy outcome was the difference in

proportion of patients whose pain was treated adequately at 1
hour, defined a priori as the patient declining additional
opioid analgesia at 60 minutes when asked. We defined a
10% difference to be clinically significant.24,27 The primary
safety outcome was use of naloxone to reverse the effects of
hydromorphone at any time during the study. For safety
reasons, we extended monitoring of patients for adverse
events to 120 minutes postbaseline. Secondary outcomes
included overall change in numeric rating scale pain score
between baseline and 60 minutes, verbal description of pain
at 60 minutes, and change in numeric rating scale score over
time in both groups, displayed graphically. The secondary
safety outcomes included incidence of oxygen desaturation
below 95%, systolic blood pressure less than 90 mm Hg,
pulse rate less than 50 beats/min, nausea, vomiting, or
pruritus.

Data Collection and Processing
Data were collected on a standardized data collection

instrument. A trained data clerk entered the data in SPSS Data
Entry (SPSS, Inc., Chicago, IL) weekly. Double entry of the
entire data set was performed by a second trained clerk, and any

Figure 1. CO
differences were reconciled by referral to the original data i
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ollection instrument. In addition, 10% of the data collection
nstruments were randomly selected for auditing to confirm data
uality.

rimary Data Analysis
Descriptive statistics were calculated for all variables, shown

s means or proportions with 95% confidence intervals (CIs).
e used Wilson’s30 method of calculating 95% CIs around the

ifferences between proportions. We have presented numeric
ating scale scores as mean change with SDs so that our data can
e compared with those of studies reporting mean change. We
ave also presented numeric rating scale scores as median
hange for graphic display. SPSS (version 17) was used for all
nalyses.

We calculated that a sample size of 320 patients (160 per
roup) would be needed to detect at least a 10% difference in
ercentage of patients declining additional pain medication
hen asked at 60 minutes postbaseline, using a 2-tailed � of
.05 and power�0.80. We used nQuery Advisor (version 6.0;
os Angeles, CA) to calculate sample size. An additional 30
ubjects (approximately 10%) were added in case of missing
ata, for a total of 350 patients.

ESULTS
haracteristics of Study Subjects

A CONSORT (Consolidated Standards of Reporting Trials)
iagram that summarizes the flow of the trial is shown in Figure
. The most common reasons for exclusion were use of opioids

RT diagram.
n the past 7 days, pain present for more than 7 days, weight less
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Chang et al Hydromorphone for Acute Severe Pain in the Emergency Department
than 150 pounds, and presence of chronic pain syndromes. As
displayed in Table 1, characteristics of both groups of patients
were similar at baseline. The sample was predominantly female
patients, Hispanic and black, and two thirds presented with
abdominal pain.

Main Results
Table 2, which displays the main efficacy outcomes,

demonstrates near-equivalent efficacy in the 2 mg intravenous
hydromorphone bolus protocol versus the 1�1 intravenous
hydromorphone titration protocol for the primary endpoint and
both secondary endpoints.

Figure 2 shows the median numeric rating scale pain score at
each point in the 2 groups. Pain scores in patients who initially
received 2 mg intravenous hydromorphone were consistently
lower at all points by approximately 0.6 numeric rating scale
units, which is less than half the between-group difference
required for declaring clinical significance.29,31,32 CIs
overlapped the point estimates at all times, indicating the
absence of a statistically significant difference.

We found that 61% (102/168) of the patients randomized to
the 1�1 hydromorphone titration protocol did not wish to
receive a second 1 mg dose of hydromorphone when asked at 15
minutes. Of these 102 patients, 70% (71/102) achieved the
endpoint of satisfactory analgesia at 1 hour and did so having
received only 1 mg intravenous hydromorphone. This subset,

Table 1. Baseline characteristics.

Characteristic
2 mg Hydromorphone

Bolus, N�166
1�1 Hydromorphone

Titration, N�168

Sex, No. (%)
Female 103 (62) 107 (64)
Male 63 (38) 61 (36)
Race/ethnicity, No. (%)
Hispanic 109 (66) 116 (69)
Black 48 (29) 44 (26)
White 8 (5) 5 (3)
Other 1 (1) 3 (2)
Age, median (IQR), y 44 (33, 52) 42 (33, 50)
Weight, median (IQR),

lbs
180 (165, 210) 186 (170, 219)

Location of pain,
No. (%)

Abdomen 116 (70) 112 (67)
Other 50 (30) 56 (33)
Pain intensity, No. (%)
3–7 28 (17) 26 (16)
8 24 (15) 28 (17)
9 16 (10) 22 (13)
10 98 (59) 92 (55)
Nauseated or vomited

before receiving
opioids in ED, No. (%)

Yes 108 (65) 105 (63)
No 58 (35) 63 (38)

IQR, interquartile range.
which comprised 42% (71/168) of all subjects randomly a
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llocated to the 1�1 intravenous hydromorphone titration
rotocol, achieved the endpoint of satisfactory analgesia at 1
our with use of half as much hydromorphone as the 2 mg

ntravenous hydromorphone bolus comparison arm.
Table 3 displays the primary and secondary safety outcomes.

here were no clinical or statistically important between-group
ifferences in any adverse event category. No patient in either
roup needed naloxone to reverse the effects of the opioid
nalgesics. Nausea and vomiting were counted as adverse events
nly if the patient did not have nausea or vomiting before initial
ntravenous opioid administration.

IMITATIONS
We chose to use a novel, dichotomous, patient-centered

utcome determined solely by the individual’s yes/no response to
he question, Do you want more pain medication? as the primary
fficacy endpoint. This measure has a number of advantages and
imitations. It is a simple, patient-centered index, with an
mmediate and unambiguous treatment strategy embedded within
t. It invites the patient to take into account not only severity of
ain but also other clinically relevant considerations, such as
ommon opioid adverse effects that patients may find more
npleasant than partially attenuated pain. One limitation of this
easure is that analyses using it cannot be directly compared with

tudies using visual analog scales or numeric rating scales of pain. In
ddition, there is no analog of the minimal clinically significant
ifference in pain that can be used as a criterion for success. Our
hoice of a 10% difference in decreasing additional analgesia as a
easure of successful treatment is based on our judgment, which
ay differ from that of other providers and settings. However, in

his study neither of these limitations affected inference because
one of the analyses showed any difference between the 2
rotocols.

A second limitation is the inability of our design to detect
ild oxygen desaturation. Because we found transient oxygen

esaturation below 95% in about one third of the cohort in our
nitial efficacy and safety study of a 2 mg intravenous
ydromorphone bolus,26 we have since used supplemental
xygen (2 L by nasal cannula) in all subsequent trials in which 2
g intravenous hydromorphone is to be given at any single

oint. To keep the conditions of the groups as similar as
ossible, all patients received supplemental oxygen in the
resent study. The use of supplemental oxygen made any
etection of between-group differences in either frequency or
everity of hypoxia highly unlikely by design. Consistent with
his, as shown in Table 3, only a single patient transiently
esaturated, and he responded promptly to gentle arousal.

We enrolled only approximately 20% of patients we approached
ecause we targeted patients with acute pain who had not received
n opioid recently, and many of the approached patients had a
hronic pain syndrome, had pain more than 7 days, or had received
n opioid within the past 7 days.

Finally, this study was carried out in a single center
omposed of a largely minority population that is urban, poor,

nd medically underserved. Because there have been reports of

Annals of Emergency Medicine 307



l
b

r
a
t
u
fi
u
b
c
d
p
9

d
s
w
c
h
s
c
t
1

i
e
d
a
r
i
o
h
p
o
h
t
a
a

m
o
t

1

Hydromorphone for Acute Severe Pain in the Emergency Department Chang et al
oligoanalgesia associated with ethnicity and socioeconomic
status,33,34 the results of this study may not generalize to other
populations in the United States, such as middle-class suburban
blacks or rural whites.

DISCUSSION
In this randomized clinical trial, our hypothesis that the 2

mg intravenous hydromorphone bolus protocol would provide
superior analgesia at 60 minutes postbaseline when compared
with the 1�1 intravenous hydromorphone titration protocol
was rejected. The 2 protocols had virtually identical profiles,
both clinically and statistically, across both primary and
secondary efficacy and safety endpoints.

In two earlier studies of the 2 mg hydromorphone bolus
regimen, the mean decrease in pain from baseline to 30 minutes
postbaseline was 7.1 numeric rating scale units (95% CI 6.8 to
7.5 numeric rating scale units)26 and 6.8 numeric rating scale
units (95% CI 6.3 to 7.2 numeric rating scale units).27 In 3
earlier studies of the 1�1 hydromorphone titration protocol,
the mean decrease in pain from baseline to 60 minutes was 5.6
numeric rating scale units (95% CI 5.1 to 6.0 numeric rating
scale units),22 5.3 numeric rating scale units (95% CI 4.8 to 5.8
numeric rating scale units),23 and 6.1 numeric rating scale units
(95% CI 5.7 to 6.5 numeric rating scale units).24 The larger

Figure 2. Median numeric rating scale pain scores by time.

Table 2. Efficacy outcomes by group.

Outcome
2

Primary outcome
Declined additional analgesia at 60 min, No. (%)
Secondary outcomes
Mean change in numeric rating scale score from baseline to 60

min (SD)
Reported none or mild pain at 60 min, No. (%)
decrease in pain intensity, along with the nonoverlapping CIs, s

308 Annals of Emergency Medicine
ed us to hypothesize that a 2 mg hydromorphone bolus would
e a more efficacious initial intravenous opioid.

In the current study, the mean change in pain of 5.7 numeric
ating scale units from baseline to 60 minutes postbaseline
mong patients randomly allocated to the 1�1 hydromorphone
itration protocol was similar to that of previous studies that
sed this protocol.22-24 However, in contrast to previous
ndings, the mean change in pain of 6.1 numeric rating scale
nits among patients randomized to 2 mg hydromorphone
olus protocol was less than in previous work and neither
linically nor statistically significantly different from the mean
ecrease in pain among those randomized to the 1�1 titration
rotocol (difference in decrement 0.4 numeric rating scale units;
5% CI �0.3 to 1.1 numeric rating scale units).

The difference between the conclusions we would have
rawn according to a retrospective analysis indirectly comparing
tudies that appeared to constitute a valid comparison versus
hat we have concluded according to the current randomized

linical trial is a useful reminder of the hazards of using
istorical comparison groups, even if they are samples from the
ame population. Had we not performed a randomized trial to
onfirm our previous findings, we would have concluded that
he 2 mg hydromorphone bolus protocol was superior to the
�1 titration protocol.

We found that 42% of the patients randomized to the 1�1
ntravenous hydromorphone titration protocol achieved the
ndpoint of satisfactory analgesia at 1 hour after a single 1 mg
ose of intravenous hydromorphone after they declined
dditional analgesics at 15 minutes. Thus, these patients
equired half as much hydromorphone as patients in the 2 mg
ntravenous hydromorphone group to achieve the same
utcome. In an earlier study of the 1�1 intravenous
ydromorphone titration protocol, we found an even higher
roportion (58%) of patients who achieved a satisfactory
utcome after receiving only 1 mg intravenous
ydromorphone.24 Thus, the 1�1 intravenous hydromorphone
itration protocol potentially offers an opioid-sparing means of
chieving an outcome similar to that with the strategy of
dministering a higher initial dose of an intravenous opioid.

Even after receiving the approximate equivalent of 14 mg
orphine either all at once or in 2 equally divided doses, one third

f patients still wanted additional analgesia. This is consistent with
he work of other investigators, demonstrating similar and

Hydromorphone
lus (N�166)

1�1 Hydromorphone
Titration (N�168) Difference (95% CI)

12 (67.5) 113 (67.3) 0.2 (�9.7 to 10.2)

6.1 (3.1) 5.7 (3.0) 0.4 (�0.3 to 1.1)

12 (67.5) 112 (66.7) 0.8 (�9.2 to 10.8)
mg
Bo

1

ubstantial interindividual variation in opioid requirement.10-12,35
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Chang et al Hydromorphone for Acute Severe Pain in the Emergency Department
In conclusion, a hydromorphone 1�1 titration protocol
provides pain relief similar to that of an initial 2 mg bolus dose,
with no apparent clinical advantage to the latter. Indeed, the 2
mg intravenous hydromorphone bolus protocol and the 1�1
intravenous hydromorphone titration protocol had virtually
identical efficacy and safety profiles. Compared with the 2 mg
hydromorphone bolus protocol, the 1�1 hydromorphone
titration protocol had an opioid-sparing effect because 50% less
opioid was needed to achieve satisfactory analgesia for 42.3% of
patients allocated to this protocol. This suggests that the 1�1
hydromorphone titration protocol should be considered in
preference to a 2 mg bolus of hydromorphone within the first
hour for ED patients with acute severe pain.

Supervising editor: Steven M. Green, MD

Author affiliations: From the Department of Emergency
Medicine, Albert Einstein College of Medicine, Montefiore
Medical Center, Bronx, NY.

Author contributions: AKC, PEB, and EJG were responsible for
study concept and trial design. JBB was responsible for review
of all data collection instruments weekly to ensure data
quality and completeness. AKC and PEB were responsible for
analyzing the data and providing all figures and tables. AKC
drafted the article, and all authors contributed substantially to
its revisions. AKC takes responsibility for the paper as a
whole.

Funding and support: By Annals policy, all authors are required
to disclose any and all commercial, financial, and other
relationships in any way related to the subject of this article
as per ICMJE conflict of interest guidelines (see
www.icmje.org). Dr. Chang is supported by a K23 award
(1K23AG033100-01A2) from the NIA (National Institute on
Aging).

Publication dates: Received for publication October 20, 2012.
Revisions received January 26, 2013, and February 22, 2013.
Accepted for publication February 25, 2013. Available online
May 18, 2013.

Address for correspondence: Andrew K. Chang, MD, MS,

Table 3. Safety outcomes by group.

Outcome
2 mg Hydromorphone

Bolus, N�166

Administration of naloxone 0
Oxygen saturation �95% 0
Pulse rate �50 beats/min 0
SBP �90 mm Hg 2 (1.2)
Pruritus 28 (16.9)
Nausea* 17/58 (29.3)
Vomiting* 9/58 (15.5)

*Refers only to those patients who developed nausea or vomiting after receiving
E-mail achang@montefiore.org.
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CORRECTION

In the July 2013 issue, in the Annals of Emergency Medicine Journal Club Questions (“Every Peddler Praises His
Own Needle: Have Clinical Rules in the Diagnosis of Subarachnoid Hemorrhage Supplanted Lumbar Punctures
Yet?”; pages 96-97), question 1B was incorrectly worded. The question should have read, “Assume that 2% of all
patients presenting to the emergency department (ED) have a chief complaint of headache, that the percentage
of these ED headache patients who have subarachnoid bleeding matches the percentage suggested in the Marks
et al paper. Also assume that the 97% sensitivity reported for Mark et al’s decision rule has been externally
validated, and that a typical emergency physician treats 3500 patients per year. On average, how many years
would an emergency physician have to apply this clinical rule to miss one subarachnoid hemorrhage? Do these
sound like reasonable numbers to you? Why or why not?” The editors apologize for this error.
Volume , .  : October 
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