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Intravenous morphine titration vs. oral
hydrocodone/acetaminophen for adults with lower
extremity displaced fracture in an emergency
department setting: A randomized controlled trial
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Abstract. The objective of the present study was to test the
hypothesis that intravenous morphine titration provides supe-
rior analgesia to oral hydrocodone/acetaminophen for patients
with lower extremity displaced fracture in an emergency
department (ED) setting. A prospective, randomized clinical
trial of ED patients suffering acute lower extremity displaced
fracture pain was performed with a total of 206 participants
included. After application of exclusion criteria, the cohort
comprised 166 patients, 85 of which were randomly allocated
to the oral hydrocodone/acetaminophen (5 mg/500 mg) group
and 81 to the intravenous morphine titration (every 5 min by
3-mg increments) group. The main outcome was the visual
analogue scale (VAS) at different time-points after the first
dose of analgesic was administered. Secondary outcomes
included the VAS change during the skeletal traction opera-
tion and short-term adverse events. The results demonstrated
that the initial VSA of the participants was similar at the
baseline on arrival at the ED (P=0.2582). At the time-points
of 5, 15, 30 min after the first dose of analgesic adminis-
tered, the intravenous morphine titration group exhibited
a greater VAS reduction compared with that in the oral
hydrocodone/acetaminophen group (P<0.01). The differences
between the 2 groups were not statistically significant at 1 h
or thereafter. The incidence of short-term adverse events was
similar between the 2 groups but sedation, whose incidence
in the morphine group was markedly increased, may not be
arbitrarily attributed to adverse events. It was concluded that,
compared with oral hydrocodone/acetaminophen, intravenous
morphine titration provided a rapid and sufficient pain relief
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and equivalent short-term adverse events for patients with
lower extremity displaced fracture in an ED setting.

Introduction

Moderate to severe pain is a particularly outstanding
complaint for patients with lower extremity displaced fracture
in an emergency department (ED) setting. This traumatic
experience is exaggerated by certain necessary interventions
such as transportation, radiographic examination and skeletal
traction (1). Adequate analgesia is considered a fundamental
component of patient care at the ED and may improve patient
satisfaction metrics and medical experience (2), while insuffi-
cient analgesia has been reported to cause short-term problems
such as anxiety, hyperesthesia and fear of medical care (3).
There is a general consensus that analgesia should be one of
the primary targets of any treatment setting in the ED. The
ability to deliver analgesics in a short time window is one of
the most important missions for any emergency physician.

As an analgesic with central effects, acetaminophen
elevates the pain threshold in the central nervous system.
It has been used effectively in relieving moderate to severe
pain arising from events such as renal colic (4) and cesarean
section (5). It has also been widely used for acute traumatic
pain relief in the ED setting (6). Hydrocodone, a semisyn-
thetic opioid, has a good pharmacokinetic profile with a
high oral bioavailability. It has been identified to exert a
synergistic analgesic effect with acetaminophen in numerous
studies (7,8). Due to its convenient mode of delivery, oral
hydrocodone/acetaminophen is the analgesic most commonly
prescribed by emergency physicians (9). The majority of
studies observed that the hydrocodone/acetaminophen combi-
nation exerts its analgesic effect in 30 min and beyond (10,11),
which means that the onset time is not fast enough, particu-
larly for fracture patients with violent pain.

As a strong opioid drug, morphine has served as a favor-
able analgesic in the ED setting for decades. Intravenous
morphine has been widely used for severe pain control
for conditions such as drastic pain with acute myocardial
infarction (12) and terminal cancer (13). In addition,
short-term intravenous morphine administration provided
a lighter sedation to relieve the patients' anxiety (14). The
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use of an intravenous morphine titration provided a rapid
and sufficient pain relief under the minimum effective dose
with the least amount of adverse effects (15). It was reported
that the onset time of intravenous morphine titration may
be as short as 3 min with most of the pain relieved during
acute pain management but without any obvious severe
adverse events (15-17). It was suggested that intravenous
morphine titration may be used as a reasonable analgesic
for moderate to severe pain in the ED, particularly due
to its extremely short onset time and sufficient analgesic
efficiency.

The objective of the present study was to compare
the analgesic efficacy and adverse events of hydroco-
done/acetaminophen vs. intravenous morphine titration for
moderate to severe pain relief in patients with lower extremity
displaced fracture at the ED. It was hypothesized that intrave-
nous morphine titration provides more rapid and efficient pain
relief than oral hydrocodone/acetaminophen in an ED setting.

Materials and methods

Study design. The procedure of the present randomized
controlled clinical trial was in accordance with the Declaration
of Helsinki from 1975 and its revision from 2000. The protocol
was approved by the ethics committee of Zhongnan Hospital
of Wuhan University (Wuhan, China). The participants
were recruited from the ED of Zhongnan Hospital, Wuhan
University (Wuhan, China). An approximate annual census
of 80,000 patients is treated in this department each year,
of which >800 are lower extremity displaced fractures. All
participants or their legal representative provided written
informed consent prior to enrollment. The time-period for the
case collection was from September 2014 to September 2015.

Sample size. The sample size was calculated to achieve an
alpha of 0.05 and a statistical power of 80%, leading to an
estimate of at least 73 patients per group being required (10).
Due to the uncertainty of these assumptions, it was decided to
allow a large error margin by aiming to recruit >80 patients

per group.

Participants. Healthy adults who were =18 and <65 years of
age were considered eligible if they had a suspected lower
extremity displaced fracture within 2 h after trauma. The
included participants had moderate or severe pain [visual
analogue scale (VAS) =70] with a pulse oxygen saturation of
=95% and a respiratory rate of =12 breaths/min. Exclusion
criteria were as follows: Pregnancy or lactation; chronic
hepatic or renal disease; multiple injuries with unstable
hemodynamics; pathological fracture; dementia or delirium
and inability to understand the pain scales; history of prior or
current analgesia use; allergy to acetaminophen, hydrocodone
or morphine. Due to insufficient pain intensity in most cases,
the patients with foot fracture were also excluded.

Study protocol. Patients who presented at the ED with a tenta-
tive diagnosis of a lower extremity displaced fracture and
who met the inclusion criteria were approached for consent
to enter the study. They were randomized into one of two
groups. The baseline physiological parameters were collected:
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Blood pressure, pulse, pulse oxygen saturation, respiratory rate
and the initial VAS. The following dynamic VAS data were
obtained at the time-points of 5, 15, 30, 60 and 120 min after
the first dose of analgesic drug administered. Any adverse
events were recorded. When the patients underwent skeletal
traction, the VAS prior to and during the skeletal traction
operation was also recorded.

After providing consent, the participants eligible for the
study were randomly assigned to treatment with oral hydro-
codone/acetaminophen or intravenous morphine titration. In
the oral hydrocodone/acetaminophen group, the dose of the
tablet was 5 mg/500 mg (18), and only one dose was given.
The method of intravenous administration was reported in a
previous study (17). In brief, after multifunctional monitoring
and venous channel establishing, morphine was titrated every
5 min by 3-mg increments and pain was evaluated every 5 min
until substantial partial remission. Intravenous morphine titra-
tion was terminated if the patient presented with one of the
following conditions: VAS, <60; respiratory rate, <12; pulse
oxygen saturation, <95%; or a severe adverse event associ-
ated with morphine administration (respiratory depression or
hyperemesis).

Outcome. The main outcome measure was the difference in
the mean VAS between the groups at each time-point. The
secondary outcome included the VAS change during the skel-
etal traction operation and short-term adverse events.

Statistical analysis. SPSS version 18 (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. Data were analyzed
using Student's t-test for continuous variables and Pearson's
¥* test for categorical variables. P<0.05 was considered to
indicate a statistically significant difference.

Results

Patient characteristics. The flow diagram for enrolment
of the subjects in the present trial is presented in Fig. 1 and
baseline characteristics are displayed in the Table I. During
the 1-year study period, a total of 206 patients who presented
with lower extremity displaced fracture and a VAS of >70
were enrolled in the study, of which 166 were eligible for
analysis. The most common reason for exclusion was multiple
trauma, which accounted for nearly one third of all excluded
patients. Of these, 85 and 81 patients were randomized into
the hydrocodone/acetaminophen group and morphine group,
respectively. The number of patients in each group available
for analysis exceeded the pre-specified sample size require-
ments. There were no statistically significant differences in
baseline variables between the 2 groups, including age, sex
distribution, body mass index, fracture sites and time since
injury. The initial VAS prior to pain medication on arrival to
the ED was similar in the two groups.

Effects of analgesic treatments on VAS. The onset time and
pain relief degree were the main indices to estimate the
analgesic efficiency of each analgesic treatment. The present
study evaluated the VAS at several time-points, starting from
as soon as 5 min after the first dose administration (Fig. 2).
It was observed that the intravenous morphine titration group
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Subjects assessed for eligibility
(n=208)

Excluded patients (n=40):
- Multiple injuries (n=14)
- Self-medicated with analgesic (n=8)
- Pregnant (n=2)

- Renal failure (n=8)
- Allergy to analgesic (3)

- Delirium or dementia (2)

- Refuse to participate (n=3)

Randomized
n=166
[

{

Allocated to acetaminophen
Ihydrocodone group
n=85

Allecated to intravenous
morphine group
n=81

Analyzed Analyzed
n=85 n=81

Figure 1. Flow diagram illustrating the selection of subjects for enrolment
in the trial.

had a greater VAS reduction compared with that in the oral
hydrocodone/acetaminophen group at the time-points of 5,
15, 30 min after the first analgesic administration (P<0.01
for each). The differences were not statistically significant
between the 2 groups at the time-point of 1 h and beyond. It
was speculated that intravenous morphine titration may bring
a more rapid pain reduction than oral hydrocodone/acet-
aminophen for moderate to severe pain in patients with lower
extremity displaced fracture.

The vast majority of lower extremity displaced fractures
require skeletal traction contributing to temporary fracture
reduction, which invokes pain during the operation due to the
extruding of fracture ends. Therefore, the analgesic effect prior
to and during the skeletal traction operation was evaluated. As
presented in Fig. 3, the VAS did not significantly increase in
the intravenous morphine titration group, while it was signifi-
cantly elevated in the oral hydrocodone/acetaminophen group.
This suggested that intravenous morphine titration provided
consistent analgesia even during movement.

Adverse events. Short-term adverse events were among the
greatest concerns of the ED physicians and patients, particu-
larly apparent severe adverse effects such as severe ventilatory
depression. The adverse events are tabulated in Table II. There
were no apparent severe adverse events observed in the present
study. The most frequently observed adverse event was nausea
(17.6% in the hydrocodone/acetaminophen vs. 13.6% in the
morphine group). The incidence of nausea, pruritus, dizziness
and vomiting was similar between the two groups. However,
the incidence of sedation in the morphine group was signifi-
cantly higher.

Discussion

Achieving rapid pain relief is among the most desired factors in
patients with displaced fractures presenting at the ED (19). Delay
in pain relief by even one minute worsens the medical experi-
ence, while it is also associated with potential complications
such as increased risk of cardiovascular events (18). American
guidelines for pain management in the ED recommend the
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prioritization of pain relief, with administration of analgesics
performed even prior to the establishment of an etiology (20).
The present study compared 2 analgesics frequently used at the
ED for patients with lower extremity displaced fractures, who
experienced moderate to severe pain. It was found that compared
with oral hydrocodone/acetaminophen, intravenous morphine
titration provided a more rapid and efficient pain relief without
any apparent short-term severe adverse effects. The onset time
was even shortened to 5 min after the first morphine bolus dose.

With rapid and efficient analgesia, the patients are comfort-
able and have a more positive medical experience while waiting
for a further evaluation and therapy at the ED (11). In addition,
the length of the stay at the ED may be shorter if patients
receive adequate analgesia (21). A variety of analgesics are
applied to fracture patients at the ED. Depending on their
mode of application and mechanism of action, frequently-used
analgesics at the ED include non-steroidal anti-inflammatory
drugs (NSAIDS) (10), opiates (22), narcotics (23), regional
anesthesia (e.g. fascia iliaca compartment block) (24) and even
Traditional Chinese Medicine (e.g. acupuncture) (25). Among
these analgesics, narcotics such as fentanyl or remifentanil have
the shortest onset time with 2.6+1.8 min (23). However, access
to intravenous narcotics is difficult due to overly bureaucratic
restrictions in developing countries, particularly at EDs (26).
NSAIDs such as ibuprofen are usually used to control mild
to moderate pain (27). Regional anesthesia and Traditional
Chinese Medicine may be challenging for ED physicians
to master due to their specialized application. In order to
maximize the analgesic effect and minimize adverse events,
the combination of different analgesics applied at the right
moment is of advantage, with oral hydrocodone/acetamino-
phen being the most frequently prescribed (18). Similar to the
results of the present study, the majority of previous studies
demonstrated that the onset time was 1-2 h, which hardly
satisfied the time effectiveness required at the ED (8,18). As
a commonly used analgesic at the ED, intravenous morphine
was reported to have a shorter analgesic onset time than other
methods (28). As observed in the present study, the onset
time in the morphine group was shortened to 5 min within
administration of the first dose. It is therefore recommended
that intravenous morphine is used as an analgesic of choice for
patients with lower extremity displaced fracture.

Patient control analgesia (PCA) has gradually turned into
the gold standard of pain management and has been widely used
for relieving acute pain at the ED (29). PCA has been reported
to provide effective pain relief with less analgesic consumption
but greater patient satisfaction when compared with other anal-
gesic administration methods, including oral and intravenous
bolus (15). In fact, the mode of delivery of morphine by intra-
venous titration was similar to PCA with the controlling device
located in hands of the physicians or nurses. Compared with
oral delivery method, intravenous titration did not significantly
increase the workload of medical providers (15,30). In accor-
dance with the results of numerous other studies (15,30), the
present study demonstrated that intravenous morphine titration
provided rapid and sufficient relief for moderate to severe pain.

Displacement of the fracture ends may aggravate the acute
pain, and in turn, the muscle spasm caused by acute pain may
accentuate the displacement, leading to a vicious cycle of pain
amplification (31). The frequent movement during interventions
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Table I. General characteristics of participants.
Characteristics Acetaminophen/hydrocodone group (n=85) Morphine group (n=81) P-value
Age (years) 45.2+8.7 43.8+8.2 0.2281
Female sex 24 (23.53) 19 (23.46) 0.5994
BMI (kg) 26.3+4.1 25.8+4.5 0.3998
Site of fracture
Femur 44 (51.74) 36 (44.44) 0.4306
Tibia 41 (48.26) 45 (55.56) 0.4306
Initial VAS 88.0+6.8 89.1+5.6 0.0815

Values are expressed as the mean =+ standard deviation or n (%). BMI, body mass index; VAS, visual analogue scale.
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Figure 2. VAS of the oral hydrocodone/acetaminophen and intravenous
morphine titration group at each time-point. Values are expressed as the
mean + standard deviation. “"P<0.01 for comparison between the two groups.
VAS, visual analogue scale.
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Figure 3. VAS of the oral hydrocodone/acetaminophen and intravenous
morphine titration group prior to and during the skeletal traction operation.
Values are expressed as the mean + standard deviation. “P<0.01 as indicated.
VAS, visual analogue scale; n.s., no significance.

such as radiological examinations and traction application
may provoke the pain derived from the friction of the fracture
ends (32). Therefore, analgesia is necessary to alleviate the pain
during these procedures. Regional anesthesia techniques such as
femoral nerve or fascia iliaca block, may be employed to avoid
adverse events compared with those of analgesics, but their use
at the ED may be limited due to their complex operation (24). Of

Table II. Short-term adverse events in the acetaminophen/
hydrocodone group (n=85) and the morphine group (n=81).

Adverse Acetaminophen/ Morphine,

event hydrocodone, n (%) n (%) P-value
Nausea 15 (17.6) 11 (13.6) 0.6162
Pruritus 8194 6(74) 0.8531
Dizziness 9 (10.6) 6(74) 0.6572
Vomiting 9 (10.6) 13 (16.0) 04189
Sedation 44.7) 13 (16.0) 0.0355

Certain patients had >1 adverse event.

note, the VAS was not markedly increased during the skeletal
traction operation following the intravenous morphine titration,
while oral hydrocodone/acetaminophen was not able to maintain
a stable VAS during traction operation, which demonstrated that
intravenous morphine titration provided consistent pain relief
not only in the resting but also in the movement state.

Inthe present study,no severe short-term adverse events were
observed, but pruritus, nausea and dizziness, which are the most
common side effects of opioids, occurred with a comparable
incidence. Compared with oral hydrocodone/acetaminophen,
intravenous morphine titration significantly increased the
incidence of sedation. This adverse event brought no further
damage and were improved after timely routine treatments.
It is important to note that morphine-induced sedation may
be beneficial to relieve anxiety generated by acute pain and
may not be arbitrarily attributed to adverse events. In addi-
tion, in cases of severe respiratory depression (respiratory rate,
<10 per minute), intravenous naloxone (0.04 mg) and transi-
tory mechanical ventilation was administered until the risk is
eliminated (33), indicating that intravenous morphine titration
is safe in an ED setting.

Of note, the present study had certain limitations. First,
a constant dose of hydrocodone/acetaminophen was used
in all participants. In fact, several different dosages, such
as 325 mg/5 mg, 600 mg/5 mg and 600 mg/7.5 mg, were
prescribed by physicians in ED settings according to previous
studies (8,18,34). Furthermore, as analgesia was performed
in the specific ED setting, the present short-term observation
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did not provide any evidence with regard to the efficacy and
safety on a long-term basis. In addition, further studies may
be performed in other populations (e.g. children and elderly
patients) with other sources of pain. Finally, owing to limited
time and funding, no larger sample size was achieved in spite of
the availability of an adequate amount of eligible participants.

In conclusion, compared with oral hydroco-
done/acetaminophen, intravenous morphine titration may
provide a sufficient and more rapid pain relief and equivalent
short-term adverse events for patients with moderate and
severe pain. As an ideal analgesia, intravenous morphine titra-
tion may be recommended for patients with lower extremity
displaced fracture in an ED setting.
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