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Study objective: We compare the efficacy and safety of intravenous lidocaine with that of hydromorphone for the treatment of
acute abdominal pain in the emergency department (ED).

Methods: This was a randomized, double-blind, clinical trial conducted in 2 EDs in the Bronx, NY. Adults weighing 60 to 120 kg
were randomized to receive 120 mg of intravenous lidocaine or 1 mg of intravenous hydromorphone. Thirty minutes after
administration of the first dose of the study drug, participants were asked whether they needed a second dose of the
investigational medication to which they were randomized. Patients were also stratified according to clinical suspicion of
nephrolithiasis. The primary outcome was improvement in pain scores of O to 10 between baseline and 90 minutes. An important
secondary outcome was need for “off-protocol” parenteral analgesics, including opioids and nonsteroidal anti-inflammatory drugs.

Results: We enrolled 154 patients, of whom 77 received lidocaine and 77 received hydromorphone. By 90 minutes, patients
randomized to lidocaine improved by a mean of 3.8 points on the O-to-10 scale, whereas those randomized to hydromorphone
improved by a mean of 5.0 points (mean difference 1.2; 95% confidence interval 0.3 to 2.2). Need for off-protocol “rescue”
analgesics occurred for 39 of 77 lidocaine patients (51%) and 20 of 77 hydromorphone patients (26%) (difference 25%; 95%
confidence interval 10% to 40%). Adverse events were comparable between groups. Among the subset of 22 patients with
nephrolithiasis, lidocaine patients reported a mean improvement of 3.4 points on the pain scale, whereas hydromorphone
patients reported a mean improvement of 6.4 points (mean difference 3.0; 95% confidence interval 0.5 to 5.5).

Conclusion: Intravenous hydromorphone was superior to intravenous lidocaine both for general abdominal pain and a subset of
patients with nephrolithiasis. A majority of patients randomly allocated to lidocaine required additional analgesics. [Ann Emerg

Med. 2019;74:233-240.]
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INTRODUCTION
Background

Nearly 12 million patient visits to US emergency
departments (EDs) annually are due to abdominal pain.’
Although ED providers have a variety of pharmacologic
agents at their disposal to treat this pain, severe
undifferentiated abdominal pain often requires intravenous
opioids to achieve adequate analgesia. When used in the
ED for acute pain, parenteral opioids are generally effective,
safe, and well tolerated, although they may cause adverse
effects such as nausea, vomiting, drowsiness, dizziness,
pruritis, and, uncommonly, respiratory depression.”

Intravenous lidocaine has emerged as a possible
therapeutic alternative for management of acute severe pain

in the ED.” It has been used for acute pain for more than
half of a century.” Accumulated data indicate that it is
superior to placebo and as effective as morphine for
neuropathic pain.” Perioperative intravenous lidocaine may
also improve postsurgical pain outcomes.'”'" Published
data suggest that intravenous lidocaine in the ED may be
efficacious for nephrolithiasis,12 acute limb ischemia, '’
long bone fractures,'* and undifferentiated severe pain.'’

Importance

Acute pain is a very common chief complaint in the ED.
There is a continuing need for medications that relieve pain
rapidly, effectively, and durably with minimal adverse
effects. It is still unclear whether lidocaine can replace
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Editor’s Capsule Summary

What is already known on this topic

Intravenous lidocaine has known analgesic effects,
but they have not been shown to rival those of opioid
analgesics.

What question this study addressed

Can intravenous lidocaine provide analgesia comparable
to that of intravenous hydromorphone for emergency
department patients with acute abdominal pain?

What this study adds to our knowledge

In this randomized study of 154 patients, fixed-dose
lidocaine at 120 mg intravenously was less effective
than fixed-dose hydromorphone at 1 mg
intravenously and was associated with a greater need
for rescue analgesics. Serious adverse events were
uncommon with both agents.

How this is relevant to clinical practice

Lidocaine at 120 mg intravenously has some
analgesic effect, but cannot replace hydromorphone
as a first-line agent for acute abdominal pain.
Additional research is needed to determine its safety
and efficacy in clinical use.

opioid regimens as primary parenteral treatment of severe

pain in the ED.

Goals of This Investigation

In this study, we tested the hypothesis that among ED
patients with acute abdominal pain, intravenous lidocaine
would provide superior analgesia compared with intravenous
hydromorphone, as determined by improvement on a 0-to-
10 pain scale between baseline and 90 minutes later.

MATERIALS AND METHODS
Study Design and Setting

This was a randomized, double-blind, comparative
effectiveness trial conducted in 2 EDs of Montefiore
Medical Center, an urban teaching institution in the Bronx,
NY, with an annual visit volume exceeding 170,000.
Bilingual (Spanish and English) salaried research associates
collected data 24 hours per day, 7 days per week. We
assessed outcomes throughout the ED stay and by telephone
7 days later. The Montefiore Medical Center institutional
review board reviewed and approved this protocol.

Selection of Participants
Eligible patients were aged 18 to 64 years, weighed
between 60 and 120 kg, and presented to one of our EDs

for treatment of acute, severe abdominal pain. Acute was
defined as pain for no more than 7 days. Severe was defined
as warranting the use of intravenous opioids, as determined
by the attending physician. Patients were excluded from
participation for cardiac conduction system impairment,
known renal or liver disease, hemodynamic instability

(as determined by the attending physician), pregnancy,
breastfeeding, or allergy to either medication. Patients were
also excluded if they self-reported use of prescription or
illicit opioids within the previous week, or if they had a
chronic pain disorder, defined as use of any analgesic
medication on more days than not during the month
preceding the acute episode of pain. Patients who received
off-protocol medication in the ED before enrollment were
eligible for enrollment if greater than 1 hour had elapsed
since off-protocol medication administration and the
patient still met inclusion criteria (pain warranting
intravenous opioids).

Interventions

Patients were randomized in a 1:1 ratio to 120 mg
of intravenous lidocaine or 1 mg of intravenous
hydromorphone. Each of these medications was
administered as an intravenous drip over 10 minutes. If
patients reported insufficient pain relief when specifically
queried at 30 minutes, they could receive a second dose of
the medication to which they were randomized. Patients
who required additional medication beyond 90 minutes
were administered parenteral analgesics at the discretion of
the attending emergency physician.

Hydromorphone, dosed with a 1-mg titration strategy
every 30 to 60 minutes, has been shown to be a safe and
effective analgesic for management of acute severe pain in
the ED.”” The optimal dose of intravenous lidocaine for
acute pain is unknown. For this study, we chose a dose that
was most likely to be efficacious while minimizing potential
for adverse events. In the perioperative setting, intravenous
lidocaine boluses ranged from 1 to 3 mg/kg.'’ ED-based
studies have used lower doses of 1 to 2 mg/kg (Table E1,
available online at http://www.annemergmed.com). With
weight boundaries of 60 and 120 kg as criteria for study
entry, all participants assigned to the lidocaine arm received
intravenous lidocaine at at least 1 mg/kg; if they opted for a
second dose of medication, they recieved lidocaine at up to
4 mg/kg during 1 hour.

Randomization occurred in blocks of 4 based on a
random-number generator. Allocation was concealed.
Research subjects, clinicians, and research personnel were
blinded. The research pharmacist presented research
personnel with identical vials containing a clear solution of
either lidocaine or hydromorphone, labeled as an
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investigational medication. The clinical nurse removed the
solution from the vial, inserted it into a 50- or 100-mL bag
containing normal saline solution, and administered the
medication as a 10-minute intravenous drip. The same
mechanism was used for the optional second dose of
investigational medication. Subjects were stratified by study
site and diagnosis (presumptive diagnosis of nephrolithiasis
versus other causes of pain). The rationale for stratification
based on presumptive diagnosis of kidney stones was
2-fold: kidney stones represent a large subset of abdominal
pain diagnoses, and they may be more likely to respond
to intravenous lidocaine than other causes of abdominal
pain.'”

Methods of Measurement

Baseline variables of interest included age, sex, weight,
pain severity, and pain duration. Diagnosis was determined
by querying the treating attending physician at ED
discharge. Pain intensity was measured with a verbal
numeric scale on which 0 represented no pain and 10
represented the worst pain imaginable. Satisfaction with a
specific medication is a highly patient-centered outcome, in
which individuals determine for themselves the benefit of a
particular drug versus the adverse effects experienced. We
included in this study a measure that has been used in
multiple ED-based pain trials: “The next time you come to
the ED for treatment of pain, do you want to receive the
same medication?”'® Patients were asked to choose among
the following responses: yes, no, or not sure.

We determined the presence of medication-induced
adverse effects by asking the following question: “Did you
have any new symptoms that began only after you got the
study medication?” An affirmative response was followed
by an open-ended question eliciting details. Seven days
after the ED visit, we called all discharged patients to
determine whether they revisited an ED after the initial
ED discharge.

Outcome Measures

The primary efficacy outcome for this study was
improvement in 0-to-10 pain scores between medication
administration (time 0 minutes) and 90 minutes later. We
chose 90 minutes because we believed that would be
sufficient time for patients to receive 2 doses of the
investigational medication if a second dose were requested.
An important secondary outcome was need for additional
“off-protocol” analgesia, defined as parenteral opioids or
nonsteroidal anti-inflammatory drugs administered
subsequently during the ED stay. Exploratory outcomes
included patient satisfaction with the medication to which

they were randomly allocated. We also recorded pain scores
at 15, 30, 45, 60, 90, 120, and 180 minutes after
investigational medication administration and report these,
as well as the frequency with which patients experienced a
greater than 50% improvement in pain between baseline
and 90 minutes. Safety endpoints included development
of any new symptom after administration of the
investigational medication, need for naloxone, change in
the disposition of the patient that was attributable to
investigational medication, and unplanned return to any
ED within 7 days of the index visit. During each patient’s
ED course, we assessed for the development of adverse
effects every hour for 3 hours.

Primary Data Analysis

Baseline characteristics are reported as mean (SD),
median (interquartile range), or n/N (%), as appropriate.
The primary outcome is reported as the between-group
difference in the mean improvement on the 0-to-10 pain
score at 90 minutes. Results were considered statistically
significantly different if the 95% confidence interval (CI)
did not include the null point of 0. All dichotomous values
are reported as percentages with 95% Cls.

We performed an intention-to-treat analysis. Once
the investigational medication was initiated, the patient
was included in the analysis regardless of whether he or
she completed the medication infusion or received
additional analgesic medication. We also repeated the
primary outcome analysis for an a priori predetermined
subgroup of patients with the clinical diagnosis of
nephrolithiasis.

When 0-to-10 pain score data were missing at an
intermediary point, we averaged the adjacent pain scores.
When missing data occurred at final measurements, we
carried forward the last available pain score.

We based our sample size calculation on previous work.
We anticipated a mean improvement in 0-to-10 pain score
of 4.9 and an SD of 2.8. Using a between-group difference
of 1.3 as a minimum clinically significant difference, with
a=.05 and $=.20, we determined the need for 73 patients
in each group. We enrolled 105% of this N in anticipation
of protocol violations and missing data, thus leaving us with
a sample size of 154 patients, 77 in each group.

RESULTS

Enrollment commenced in January 2018 and concluded
7 months later. During this time, we screened 812 patients
for eligibility, 154 of whom met criteria and consented to
participate (Figure 1). Seventy-seven patients were
randomized to each group.
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[ Enroliment |

Assessed for eligibility (n=812)

Excluded (n=658)

« Declined to participate (n=69)
« Pain Duration > 7 days (n=73)
« Kidney/Liver Disease (n=42)

y

« Pregnant/Breastfeeding (n=34)
« Attending discretion (n=199)

A 4

« Pain not severe (n=76)
* Weight out of range (n=83)
« Other (n=82)
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—
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Allocated to Lidocaine (n=77)
Received allocated intervention (n=77)

Allocated to Hydromorphone (n=77)
Received allocated intervention (n=77)

| Follow-up |
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A4

Lost to follow-up (n=4)
Discontinued intervention (n=0)

Lost to follow-up (n=2)
Discontinued intervention (n=0)

[ Analysis |

Analysed (n=77)
Excluded from analysis (n=0)

Analysed (n=77)
Excluded from analysis (n=0)

Figure 1. Consolidated Standards of Reporting Trials flow diagram. *Other: Use of opioids before ED presentation (26), lacked
capacity to consent (20), chronic pain syndrome (9), hemodynamically unstable (8), not predominantly abdominal pain (7),
abnormal ECG result (7), and allergic to investigational medication (5).

Baseline characteristics were similar in the 2 study arms
(Table 1), although the lidocaine group was randomly
allocated more women than men. Nonspecific abdominal
pain was the single most common diagnosis. Twenty-two
patients (14%), 11 in each group, received a diagnosis of
nephrolithiasis. The mean initial dose of lidocaine received
by the 77 patients who received intravenous lidocaine was

1.5 mg/kg (SD 0.3); the mean total dose received was 2.1
mg/kg (SD 0.8).

At the 90-minute assessment, patients randomized to
lidocaine improved by an average of 3.8 points on the
0-to-10 pain scale, whereas those randomized to
hydromorphone improved by an average of 5.0
points (mean difference 1.25 95% CI 0.3 to 2.2)
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Table 1. Baseline characteristics.

Lidocaine Hydromorphone

Variable (n=77) (n=77)
Age, mean (SD), y 42 (12) 40 (13)
Sex
Women 54 (70) 44 (57)
Men 23 (30) 33 (43)
Weight, mean (SD), kg 80 (15) 82 (15)
Pain duration, median (IQR), days 2 (1-4) 2 (1-3)
Clinical diagnosis*
Nonspecific abdominal pain 27 (35) 22 (29)
Nephrolithiasis 11 (14) 11 (14)
Colitis/diverticular disease 12 (16) 8 (10)
Biliary pathology 6 (8) 12 (16)
Esophageal/gastric/duodenal pathology 5 (6) 8 (10)
Pelvic pain 7 (9) 5 (6)
Appendicitis 4 (5) 4 (5)
Small bowel obstruction/ileus/hernia 2 (3) 2 (3)
Urinary tract infection 2 (3) 2 (3)
Pancreatitis 1(1) 1 (1)
Other 0 2 (3)

IQR, Interquartile range.
Data are presented as No. (%) unless otherwise indicated.
*Based on attending physician’s clinical impression at discharge.

(Figure E1, available online at http://www.annemergmed.
com). Pain scores were lower in the hydromorphone
arm than the lidocaine arm at all points except
baseline (Table 2, Figure 2). At 90 minutes, more
hydromorphone patients (47/77; 61%) than lidocaine
patients (30/77; 39%) reported a greater than 50%
improvement in their pain (difference 22%; 95% CI 7%
to 37%).

Need for off-protocol “rescue” analgesics occurred for

39 of 77 lidocaine patients (51%) and 20 of 77

Table 2. Pain scores O to 10 throughout the study period, reported
as mean (SD).

Lidocaine Hydromorphone Difference
Time, Minutes (n=77) (n=77) (95% Cl)
Baseline 9.0 (1.3) 9.0 (1.2) 0.0 (-0.4 to 0.4)
15 6.6 (2.4) 5.6 (2.6) 1.0 (0.2 to 1.8)
30 6.1 (2.8) 4.6 (2.8) 1.5 (0.6 to 2.4)
45 5.6 (3.0) 4.1 (2.7) 1.5 (0.6 to 2.4)
60 5.4 (3.0) 3.9 (2.8) 1.5 (0.5 to 2.4)
90 5.2 (3.1) 4.0 (2.9) 1.2 (0.3 t0 2.2)
120 5.1 (3.2) 3.7 (2.8) 1.4 (0.4 to 2.3)
180 4.8 (2.8) 3.8 (2.9) 1.0 (0.1 to 2.0)

hydromorphone patients (26%) (difference 25%; 95% CI
10% to 40%) (Table 3, Figure 3). Similarly, more
hydromorphone patients (64/71; 90%) than lidocaine
patients (47/73; 64%) said they would want to receive
the study medication again (difference 26%; 95% CI 13%
to 39%).

Medication-associated symptomatology was comparable
between the 2 study arms (Table 4). The most commonly
reported symptoms were dizziness, drowsiness, headache,
nausea, and pruritis. No other symptom was reported by
more than one patient. There were no serious adverse
events in the study. No patient required administration of
naloxone.

Among the 22 patients with a diagnosis of clinical
nephrolithiasis (based on the attending physician’s
discharge impression), those who received lidocaine
reported an improvement of 3.4 points on the 0-to-10 pain
scale, whereas those who received hydromorphone reported
an improvement of 6.4 points (mean difference 3.0; 95%
CI 0.5 to 5.5).

We performed a post hoc analysis in which we compared
weight-based dose of lidocaine with the primary outcome.
There was a clinically important inverse association
between patient weight and improvement in pain score.
This is detailed in Appendix E1, available online at http://
www.annemergmed.com. Patients who weighed 73 kg or
less reported a mean improvement in pain scores that was
substantially better than that of patients who weighed 85
kg or more (mean difference 1.9; 95% CI 0.5 to 3.4).
Patients who weighed no more than 73 kg reported
mean improvement in 0-to-10 pain scores of 5.0 (95%

CI 3.8 t0 6.2).

LIMITATIONS

First, the primary limitation of this trial was that we may
have underdosed the initial bolus of intravenous lidocaine.
Post hoc data presented in Appendix E1 (available online at
http://www.annemergmed.com) demonstrate that initial
doses of intravenous lidocaine approaching 2 mg/kg were
more effective than lower weight-based doses and as
effective as intravenous hydromorphone. When designing
this study, we did not identify dose-finding studies of
intravenous lidocaine for acute pain (Table E1, available
online at http://www.annemergmed.com). We anticipated
that our 1- or 2-dose titration scheme would deliver an
appropriate dose to each patient, maximizing efficacy while
minimizing adverse events. This strategy may have been
less effective because of delays, sometimes substantial, in
administering the second dose of investigational
medication. We did not use weight-based dosing in this
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Figure 2. Pain scores from O to 10. Error bars depict 95% CI.

study because we did not have research pharmacy resources
available 24 hours a day.

Second, because of constraints inherent in conducting
clinical research in an active ED, we had some difficulty
delivering the second dose of study medication in a timely
manner to all patients. As demonstrated in Appendix E2
(available online at http://www.annemergmed.com), the
elapsed time to the second dose of medication in some cases
was so long that the efficacy was not captured in our
primary outcome at 90 minutes. However, as demonstrated
in Table 2, our conclusions would not have changed even if
our primary outcome had been delayed until 120 minutes.

Third, our mechanism of blinding may have been
inadequate. Patients administered hydromorphone were

Table 3. Exploratory outcomes.

Lidocaine Hydromorphone Difference
Outcome (n=77) (n=77) (95% CI)
Requested additional dose
of investigational
medication
Yes 30 (39) 15 (19) 20%
(5% to 34%)
No 47 (61) 62 (81)
Would want the same
medication again
Yes 47 (64) 64 (90) 26%
(13% to 39%)
No 19 (26) 5 (7)
Not sure 7 (10) (3)
Missing data 4 6

Data are presented as No. (%), unless otherwise specified.

more likely to suspect that they received hydromorphone,
whereas research associates were more likely to guess
correctly that lidocaine patients received lidocaine (Appendix
E5, available online at http://www.annemergmed.com). The
reason for this and its significance are not clear. If patients
suspected that they received hydromorphone, this may have
caused them to overstate its efficacy. Alternatively, if it was
the pain relief itself that allowed patients to surmise which
medication they received, then the effect on the stated pain
scores may have been minimal.

Fourth, we did not use a pain score cutoff for
medication redosing. We merely asked patients whether
they would want another dose of the medication.
Therefore, a between-group difference in pain tolerance
may have affected total dose of medication received, and
thereby the primary outcome.

Fifth, this study took place in 2 urban academic EDs in
the Bronx, NY, caring for an underserved inner-city
population. It is uncertain whether these data can be
generalized to other settings.

DISCUSSION

In this ED-based, randomized, comparative effectiveness
trial, intravenous hydromorphone was substantially more
efficacious than intravenous lidocaine for acute abdominal
pain. Hydromorphone was also superior to lidocaine in a
subset of patients with nephrolithiasis. Although generally
well tolerated, intravenous lidocaine, on all measures, was
substantially less efficacious for acute pain.

Hydromorphone, a standard of care for treatment of
acute, new-onset, severe pain in the ED, has been shown
repeatedly to be safe, effective, and well tolerated.”© Tt is

238 Annals of Emergency Medicine

Volume 74, No. 2 : August 2019


http://www.annemergmed.com
http://www.annemergmed.com

Chinn et al

Intravenous Lidocaine Versus Hydromorphone for Acute Abdominal Pain

LIDOCAINE

\

Received off-
protocol rescue
medication:* 15

Received 2" dose
of study
medication: 30

H

Did not receive
off-protocol
rescue
medication:* 15

Received 1st dose
of study
medication: 77

H

Received off-
protocol rescue
medication:* 24

Did not receive

2nd dose of study
medication: 47

H

Did not receive
off-protocol
rescue
medication:* 23

HYDROMORPHONE

|

Received off-
protocol rescue

PO
Received 214 dose medication:* 4

of study
medication: 15

H

Did not receive
off-protocol
rescue

Received 1st dose medication: *11

H

of study
medication: 77

Received off-
protocol rescue

ication:*
Did not receive medication:* 16

2nd dose of study
medication: 62

H

Did not receive
off-protocol
rescue
medication:* 46

\

*Non-steroidal anti-inflammatory drug or opioid administered in the ED

Figure 3. Flowchart of medication administered to study
participants.

easily titratable and reversible, with a widely available
antidote, and there are no compelling, evidence-based
reasons not to administer intravenous hydromorphone for
severe abdominal pain in a monitored setting such as the
ED. It was a highly effective analgesic in this study too,
although approximately one third of hydromorphone
patients reported medication-related adverse effects, and
approximately one third did not achieve a 50%
improvement in pain by 90 minutes. These results are
generally in keeping with published data, which have
demonstrated that 1-mg doses of intravenous
hydromorphone, administered repeatedly every 30 to 60
minutes during the first 2 hours of an ED course, are an
effective way to achieve high levels of patient satisfaction
with analgesic treatment.

Our data do not support the use of a 120-mg dose of
intravenous lidocaine as a first-line analgesic for severe
abdominal pain. Pain scores among patients who received
lidocaine were higher throughout the study period, need for

Table 4. Adverse events.

Difference

Adverse Event Lidocaine Hydromorphone (95% CI)

Any patient-reported

symptom
Yes 23 (30) 28 (36) 6% (-8% to 21%)
No 54 (70) 49 (64)
Specific symptoms
reported by patients
Dizziness 4 (5) 14 (18)
Drowsiness 6 (8) 4 (5)
Headache 6 (8) 3(4)
Nausea 9 (12) 13 (17)
Pruritis 1(1) 2(3)
Change in management
because of
investigational
medication
Yes (0} 0
No 77 (100) 77 (100) 0
Unplanned return visit to
ED within 1 wk
Yes 2 (3) 0 3% (-1% to 6%)
No 71 (97) 75 (100)
Missing 4 2
Required naloxone
Yes 0 0
No 77 (100) 77 (100) 0

Data are presented as No. (%), unless otherwise specified.

additional analgesia occurred much more frequently among
patients randomized to lidocaine versus hydromorphone,
and, on average, patients who received lidocaine reported
less than a 50% reduction in pain. Our data do not provide
any compelling reasons to choose intravenous lidocaine as a
first-line analgesic over hydromorphone for abdominal
pain. Placebo-controlled studies are needed to determine
whether intravenous lidocaine should play any role in the
management of ED patients with pain.

In other randomized, ED-based studies of visceral pain,
pain scores after administration of intravenous lidocaine
improved 45% by 60 minutes in a general pain study'” and
88% by 30 minutes in a study of kidney stones.'” Although
the former results are generally consistent with the 40%
improvement our lidocaine patients experienced at 60
minutes, the latter are substantially different, and may be
related to dosing of the medication or differences in the
patient populations.
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Intravenous lidocaine can cause serious adverse events
such as hypotension, cardiac dysrhythmias, and seizures,
although these are generally not observed at doses up to 5
mg/kg.7 At doses less than 2 mg/kg, adverse effects are
generally minor and transient (Table E1, available online at
http://www.annemergmed.com). As demonstrated in our
exploratory analysis in Appendix E1 and in Table E1
(available online at http://www.annemergmed.com), initial
doses of 2 mg/kg may have more efficacy than lower doses
of intravenous lidocaine. The dose of 2 mg/kg thus may be
a reasonable starting point in future investigations of
intravenous lidocaine and for patients who have
contraindications to intravenous opioids.

In conclusion, intravenous hydromorphone was more
efficacious than 120-mg doses of intravenous lidocaine
both for general abdominal pain and a subset of
nephrolithiasis patients. According to these data, lidocaine
should not replace hydromorphone as a first-line analgesic.

Supervising editor: Allan B. Wolfson, MD. Specific detailed
information about possible conflict of interest for individual editors
is available at https://www.annemergmed.com/editors.

Author affiliations: From the Department of Emergency Medicine
(Chinn, Friedman, Irizarry, Jones, Pearlman, Chertoff, Wollowitz,
Gallagher) and Medical College (Naeem), Albert Einstein College of
Medicine, Montefiore, Bronx, NY; and the Pharmacy Department,
Montefiore, Bronx, NY (Afrifa, Zias); and the Department of
Emergency Medicine, Jacobi Medical Center, Bronx, NY (Chinn,
Jones).

Author contributions: EC, BWF, El, MPJ, AW, and EJG conceived the
study and designed the trial. BWF, El, FA, EZ, MPJ, SP, and AC
supervised the conduct of the trial and data collection. EC, BWF,
FN, El, and AC managed the data, including quality control. EC and
BWF analyzed the data. EC, BWF, FN, and AW performed the
literature review. EC and BWF drafted the article, and all authors
contributed substantially to its revision. EC takes responsibility for
the paper as a whole.

All authors attest to meeting the four ICMJE.org authorship criteria:
(1) Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data for the
work; AND (2) Drafting the work or revising it critically for important
intellectual content; AND (3) Final approval of the version to be
published; AND (4) Agreement to be accountable for all aspects of
the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and
resolved.

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). The authors have stated
that no such relationships exist. This publication was supported in
part by the Harold and Muriel Block Institute for Clinical and
Translational Research at Einstein and Montefiore grant support
(ULATRO01073).

Publication dates: Received for publication October 31, 2018.
Revision received December 11, 2018. Accepted for publication
January 7, 2019.

Trial registration number: NCTO3300674

REFERENCES

1. Rui P, Kang K. National Hospital Ambulatory Medical Care Survey:
2015 Emergency Department Summary Tables. Available at: https://
www.cdc.gov/nchs/data/nhamcs/web_tables/2015_ed_web_tables.
pdf. Accessed September 22, 2018.

2. Chang AK, Bijur PE, Campbell CM, et al. Safety and efficacy of rapid
titration using 1 mg doses of intravenous hydromorphone in
emergency department patients with acute severe pain: the “1+1”
protocol. Ann Emerg Med. 2009;54:221-225.

3. Chang AK, Bijur PE, Davitt M, et al. Randomized clinical trial comparing
a patient-driven titration protocol of intravenous hydromorphone
with traditional physician-driven management of emergency
department patients with acute severe pain. Ann Emerg Med.
2009;54:561-567.e2.

4. Chang AK, Bijur PE, Gallagher EJ. Randomized clinical trial
comparing the safety and efficacy of a hydromorphone titration
protocol to usual care in the management of adult emergency
department patients with acute severe pain. Ann Emerg Med.
2011;58:352-359.

5. Chang AK, Bijur PE, Holden L, et al. Efficacy of an acute pain titration
protocol driven by patient response to a simple query: do you want
more pain medication? Ann Emerg Med. 2016;67:565-572.

6. Chang AK, Bijur PE, Napolitano A, et al. Two milligrams iv
hydromorphone is efficacious for treating pain but is associated with
oxygen desaturation. J Opioid Manag. 2009;5:75-80.

7. E Silva LOJ, Scherber K, Cabrera D, et al. Safety and efficacy of
intravenous lidocaine for pain management in the emergency
department: a systematic review. Ann Emerg Med. 2018;72:
135-144.e3.

8. Gilbert CR, Hanson IR, Brown AB, et al. Intravenous use of xylocaine.
Curr Res Anesth Analg. 1951;30:301-313.

9. Tremont-Lukats IW, Challapalli V, McNicol ED, et al. Systemic
administration of local anesthetics to relieve neuropathic pain: a
systematic review and meta-analysis. Anesth Analg.
2005;101:1738-1749.

10. Weibel S, Jelting Y, Pace NL, et al. Continuous intravenous
perioperative lidocaine infusion for postoperative pain and recovery in
adults. Cochrane Database Syst Rev. 2018;(6):CD009642.

11. Ventham NT, Kennedy ED, Brady RR, et al. Efficacy of intravenous
lidocaine for postoperative analgesia following laparoscopic surgery: a
meta-analysis. World J Surg. 2015;39:2220-2234.

12. Soleimanpour H, Hassanzadeh K, Vaezi H, et al. Effectiveness of
intravenous lidocaine versus intravenous morphine for patients
with renal colic in the emergency department. BMC Urol.
2012;12:13.

13. Vahidi E, Shakoor D, Aghaie Meybodi M, et al. Comparison of
intravenous lidocaine versus morphine in alleviating pain in
patients with critical limb ischaemia. Emerg Med J. 2015;32:
516-519.

14. Forouzan A, Barzegari H, Motamed H, et al. Intravenous lidocaine
versus morphine sulfate in pain management for extremity fractures: a
clinical trial. Emerg (Tehran). 2017;5:e68.

15. Clattenburg EJ, Nguyen A, Yoo T, et al. Intravenous lidocaine provides
similar analgesia to intravenous morphine for undifferentiated severe
pain in the emergency department: a pilot, unblinded randomized
controlled trial. Pain Med. 2018. http://doi.org/10.1093/pm/pny031.

16. Green SM, Krauss BS. The numeric scoring of pain: this practice rates
a zero out of ten. Ann Emerg Med. 2016;67:573-575.

240 Annals of Emergency Medicine

Volume 74, No. 2 : August 2019


http://www.annemergmed.com
http://www.annemergmed.com
https://www.annemergmed.com/editors
http://ICMJE.org
http://www.icmje.org
https://www.cdc.gov/nchs/data/nhamcs/web_tables/2015_ed_web_tables.pdf
https://www.cdc.gov/nchs/data/nhamcs/web_tables/2015_ed_web_tables.pdf
https://www.cdc.gov/nchs/data/nhamcs/web_tables/2015_ed_web_tables.pdf
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref2
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref2
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref2
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref2
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref2
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref3
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref3
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref3
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref3
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref3
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref4
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref4
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref4
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref4
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref4
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref5
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref5
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref5
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref6
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref6
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref6
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref7
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref7
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref7
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref7
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref8
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref8
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref9
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref9
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref9
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref9
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref10
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref10
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref10
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref11
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref11
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref11
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref12
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref12
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref12
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref12
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref13
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref13
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref13
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref13
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref14
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref14
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref14
http://doi.org/10.1093/pm/pny031
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref16
http://refhub.elsevier.com/S0196-0644(19)30043-5/sref16

	Randomized Trial of Intravenous Lidocaine Versus Hydromorphone for Acute Abdominal Pain in the Emergency Department
	Introduction
	Background
	Importance
	Goals of This Investigation

	Materials and Methods
	Study Design and Setting
	Selection of Participants
	Interventions
	Methods of Measurement
	Outcome Measures
	Primary Data Analysis

	Results
	Limitations
	Discussion
	References


