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ABSTRACT

Introduction: This study is part of the registra-
tional program for intravenously administered
(IV) tramadol in the USA and compared the
analgesic benefit and tolerability of two doses of
IV tramadol (50 mg and 25 mg) to placebo in
adult patients undergoing bunionectomy, an
orthopedic surgical model.
Methods: This was a phase 3, multicenter,
double-blind, three-arm, randomized, placebo-
controlled, multiple-dose, parallel-group trial to
evaluate IV tramadol in the management of
postoperative pain following bunionectomy.

Eligible patients were randomized (1:1:1 ratio)
to IV tramadol 50 mg, 25 mg, or placebo. Pri-
mary endpoint was summary of pain intensity
differences over 48 h (SPID48). Key secondary
endpoints included SPID24, total consumption
of rescue analgesia, and patient global assess-
ment of efficacy (PGA). Safety assessments
included treatment emergent adverse events
(TEAEs), clinical laboratory tests, vital signs, and
electrocardiograms (ECGs). Assessment of the
dose–response was an important objective of
the study.
Results: The study established a dose response,
with IV tramadol 50 mg demonstrating statisti-
cally significant benefit (p\0.05) over placebo
for primary and all key secondary efficacy end-
points, whereas tramadol 25 mg demonstrated
intermediate results between the 50 mg and
placebo arms. IV tramadol 50 mg was well tol-
erated; most common TEAEs were nausea and
vomiting; and there were no meaningful dif-
ferences among treatments for vital signs, ECG,
and laboratory assessments. The largest pro-
portion of patients completed tramadol 50 mg
(98.6%) compared to tramadol 25 mg (91.8%)
and placebo (88.2%).
Conclusion: IV tramadol 50 mg was effective
and well tolerated as treatment for postopera-
tive pain following bunionectomy surgery,
while IV tramadol 25 mg, although well toler-
ated, was judged an ineffective dose for the
treatment of pain in this setting. IV tramadol
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50 mg was further developed in the registra-
tional program for the USA.
Trial Registration: ClinicalTrials.gov identifier,
NCT03290378.

Keywords: Intravenously administered trama-
dol; Dose-finding; Postoperative pain;
Randomized clinical trial; Schedule IV opioid;
Summary of pain differences

Key Summary Points

This was a phase 3, multicenter, double-
blind, three-arm, randomized, placebo-
controlled, multiple-dose, parallel-group
trial.

The study established a dose response,
with IV tramadol 50 mg demonstrating
statistically significant benefit (p\0.05)
over placebo for primary and all key
secondary efficacy endpoints.

IV tramadol 25 mg demonstrated numeric
but not statistically significant benefit
over placebo.

IV tramadol 50 mg was well tolerated;
most common were TEAEs nausea and
vomiting; and there were no meaningful
differences among treatments for vital
signs, ECG, and laboratory assessments.

INTRODUCTION

More than 100 million surgical procedures are
performed annually in the USA, with an esti-
mated 57.1 million performed during ambula-
tory surgical visits [1]. Of the 80% of patients
who experience postoperative pain, fewer than
half report adequate pain relief. Optimizing a
patient’s pain relief in the postsurgical setting
has many benefits on recovery, because poor
management may contribute to medical com-
plications as well as to the development of
chronic pain [2]. Research shows that the
intensity of the acute postsurgical pain

correlates with the risk of developing a persis-
tent pain state [3], suggesting that adequate
postsurgical pain management is beneficial.
Among patients with postsurgical pain, 1–50%
develop chronic pain, depending on the type of
surgery [2]. The success of inpatient and
ambulatory surgery depends in part on effective
postoperative pain management routines [4, 5].

Conventional opioids have been considered
the mainstay of analgesia during and after sur-
gical procedures in the USA, but questions have
arisen about their use given the current opioid
crisis of addiction and overdose [6]. It has
become apparent that there is a need for new
medicines for the management of postsurgical
pain.

Intravenously administered (IV) tramadol is
currently under development in the USA and
may bridge the gap between non-opioid medi-
cine and conventional opioids as an option for
patients with acute pain. Tramadol is a centrally
acting atypical opioid with two mechanisms of
action including weak activation of the mu
opioid receptor by the parent drug, more potent
activation by its primary metabolite (M1), and
inhibition of the reuptake of serotonin and
norepinephrine. These two distinct mecha-
nisms serve to make tramadol an effective
analgesic with a good tolerability profile [7].
Tramadol is a member of the phenanthrene
group of opium alkaloids, which includes mor-
phine and codeine, and is structurally related to
these opioids. Like codeine, there is a substitu-
tion of the methyl group on the phenol ring
that imparts a relatively weak affinity for opioid
receptors. The opioid component of tramadol
comes primarily from key metabolite M1, which
is a stronger mu agonist than the parent com-
pound but has slower onset. Therefore, tra-
madol is generally considered a weak or atypical
opioid and has been noted to have a low risk of
abuse compared to conventional (i.e., Sched-
ule II) opioids such as morphine [8, 9, 10].

Oral tramadol was approved by the US Food
and Drug Administration (FDA) in 1995 and is a
Schedule IV controlled substance, in contrast to
many other opioids which are Schedule II or
Schedule III controlled substances in the USA.
The scheduling difference reflects the under-
standing that tramadol, as an atypical opioid
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with dual mechanism of action, does not carry
the same abuse potential as Schedule II opioids.

It is important to note that IV tramadol is
widely prescribed outside the USA (OUS) in
more than 70 countries [9] but has not been
approved in the USA. A novel dosing regimen
for IV tramadol was recently developed for the
USA, in which 50 mg is given for the first dose
(T0), repeated again at 2 h and 4 h, and then
once every 4 h thereafter. A phase 1 study
compared this regimen to tramadol 100 mg
administered orally once every 6 h (this is the
highest approved oral dosage in the USA) [11].
Compared to orally administered tramadol, IV
tramadol reached initial peak serum concen-
tration (Cmax) more rapidly, while resulting in
similar overall steady-state Cmax and area under
the plasma concentration–time curve (AUC). It
is important to note that IV tramadol as com-
pared to orally administered tramadol results in
less metabolic conversion and a slower onset of
exposure to M1, the more potent mu opioid
agonist than the parent compound. This is due
to the avoidance of first-pass metabolism when
tramadol is administered by the intravenous
route.

This study was conducted following the
phase 1 pharmacokinetic study and utilized the
novel dosing regimen mentioned above. It was
part of the registrational program for IV tra-
madol in the USA. The study compared the
analgesic benefit and tolerability of two doses of
IV tramadol (50 mg and 25 mg) to placebo in
adult patients undergoing bunionectomy, an
orthopedic surgical model. To our knowledge,
this was the first registrational quality study
that compared IV tramadol to placebo (a gold
standard for US FDA approval for pain medi-
cine) and definitively demonstrated a dose–re-
sponse for IV tramadol.

METHODS

Study Design and Ethics

The primary objective of this phase 3, multi-
center, double-blind, three-arm, randomized,
placebo-controlled, multiple-dose, parallel-
group trial was to evaluate the safety,

tolerability, and efficacy of two different doses
of IV tramadol versus placebo in the manage-
ment of postoperative pain over 48 h in patients
undergoing a unilateral primary first metatarsal
bunionectomy surgery. Secondary efficacy
objectives included assessment of analgesic
efficacy over 24 h, rescue medicine (ibuprofen
400 mg) use, and patient global assessment
(PGA). An important aim of the study was dose
finding, and thus two doses of tramadol were
studied: 50 mg and 25 mg (each given with the
same dosing intervals). Safety assessments
included treatment emergent adverse events
(TEAEs), clinical laboratory tests, vital signs, and
electrocardiograms (ECGs).

The study was performed in accordance with
ethical principles that have their origin in the
Declaration of Helsinki and are consistent with
International Conference on Harmonization
(ICH)/Good Clinical Practice (GCP), applicable
regulatory requirements, and the sponsor or its
delegate’s policy on bioethics. Aspire Institu-
tional Review Board (https://aspire-irb.com/,
Santee, CA), the central IRB that approved the
study for Avenue Therapeutics and the study
sites, reviewed study documents according to
current US regulations. The patient’s signed and
dated informed consent form (ICF) was
obtained before initiation of any study proce-
dures. The study was registered at clinicaltri-
als.gov (NCT03290378).

Study Treatment and Eligibility

The study was conducted at five sites in the USA
from August 30, 2017 to April 23, 2018. Eligible
patients were male or female, age 18–75 years of
age, undergoing unilateral first metatarsal
bunionectomy surgery, and who met the
American Society of Anesthesiologists (ASA)
physical class 1 or 2, and were willing and able
to understand the study procedures and use of
pain scales. Important exclusion criterial inclu-
ded other concomitant opioids during the
treatment within 30 days prior to surgery, other
prohibited medications (analgesics, medica-
tions that lower seizure threshold), allergy or
physical dependence on opioids, and not
reaching a minimal postsurgical pain level of
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moderate to severe on a categorical pain scale
and a numeric pain rating scale (NPRS) rating of
at least 5 on a scale of 0–10.

Patients underwent the screening visit, pre-
operative assessment (within 24 h prior to sur-
gery start time), the surgical/treatment visit
(including the surgery), the primary treatment
period of double-blind study medication for
48 h, and a follow-up visit (day 14). The treat-
ment groups were:

• IV tramadol 50 mg, given at hours 0, 2, 4, 8,
12, 16, 20, 24, 28, 32, 36, 40, and 44

• IV tramadol 25 mg, given at hours 0, 2, 4, 8,
12, 16, 20, 24, 28, 32, 36, 40, and 44

Patients were confined at the healthcare
facility during study drug administration and
were discharged only if clinically stable. All
patients in the study followed an anesthesia
protocol and were not randomized into the trial
if they deviated from the protocol as listed
below.

Pre- and intraoperative anesthesia per study
protocol included IV midazolam, a popliteal
sciatic nerve block (0.5% ropivacaine; loading
volume at the discretion of the investigator), a
local Mayo block using short-acting 2% lido-
caine without epinephrine, propofol induction
followed by a continuous infusion for intraop-
erative sedation, intraoperative IV fentanyl, and
no nausea prophylaxis is allowed. Postoperative
anesthesia included regional anesthesia via a
popliteal sciatic nerve block. After the comple-
tion of surgery, a continuous infusion of ropi-
vacaine, mepivicaine, or bupivacaine was
provided with additional boluses of local anes-
thetic at the discretion of the investigator.
Additional pain medicine allowed were ketoro-
lac 30 mg IV q6h until 6 h before removal of the
popliteal block and 2–4 mg IV morphine sulfate
every 2 h as needed until 1.5 h before removal
of the popliteal block. Popliteal block was per-
manently discontinued between approximately
4:00 a.m. and 5:00 a.m. on the day after surgery.

Following removal of the popliteal block,
patients were assessed for the dosing eligibility
criteria; patients must have been awake and
alert and had a pain intensity of 5 or greater on
the 0 (no pain) to 10 (worst pain possible) point
numerical pain rating scale (NPRS) and reported

a score of moderate or severe on a four-point
categorical rating scale (with categories of none,
mild, moderate, or severe) just before the first
dose of study drug. Patients who did not report
pain at these levels within 8 h of the removal of
the block were discontinued from the study
(and thus were not treated with double-blind
study medication). Bunionectomy, a common
procedure used in clinical trials studying pain
management, is a very painful orthopedic sur-
gical model. The surgical anesthetic adminis-
tration was the same for all patients and thus
any effects on initial NPRS scores would be the
same across all treatment groups. Further,
postsurgical dosing criteria were included in the
protocol to ensure that patients had sufficient
pain levels when entering the study and there-
fore sufficient time for the ropivacaine or
bupivacaine to wear off. The 8-h window for
eligibility after removal of the block was suffi-
cient as most patients met the criteria in that
timeframe. Blinded study drug infusions were
given over approximately 15 ± 2 min via an
infusion pump.

We note that this study was designed using
one of several well-established acute pain sur-
gical models [12, 13]. The bunionectomy sur-
gical pain model was not intended to ‘‘mimic’’
real-life treatment but rather to eliminate as
many potential biases and confounding factors
(e.g., from intrinsic and extrinsic factors) and to
allow for the same procedures to be performed
in a blinded setting, thus ensuring rigorous and
reliable conclusions regarding the treatment
benefit of each dose level of IV tramadol.

Endpoints

Pain intensity assessments were recorded
immediately prior to the first dose (baseline, T0)
and at 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12, 14, 16, 18,
20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44,
46, and 48 h after first treatment (i.e., post T0).
The sum of pain intensity differences (SPID)
through 48 h post first dose (SPID48) measured
at rest was used as the primary measure of
efficacy.

Secondary efficacy endpoints include
SPID24, total consumption (mg) of rescue
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(supplemental) analgesia (this is the total
amount of rescue analgesia given to the patient
after first dose of study medication through
48 h post first dose), and PGA of efficacy at 24
and 48 h post first dose using a five-point scale
[the question posed was ‘‘How would you rate
the study medication in terms of its effective-
ness in controlling your pain?’’ (0 = poor;
1 = fair; 2 = good; 3 = very good; 4 = excel-
lent)]. Additional analgesia endpoints included
the time-specific pain intensity profile over
time, time (in minutes) to first rescue analgesia
from the time of first dose of study medication,
and number (percentage) of patients who
required no rescue analgesia from T0 to T48.

TEAEs, classified by the Medical Dictionary
for Regulatory Activities (MedDRA) system
organ class (SOC) and preferred term, including
assessment of AEs related to substance abuse
(based on the FDA’s guidance ‘‘Assessment of
Abuse Potential of Drugs, Guidance for Indus-
try, January 2017’’). Clinical laboratory (in-
cluding full chemistry, hematology, and
urinalysis panels), vital sign, physical examina-
tion, and ECG changes were assessed. Clinically
meaningful changes in these safety outcomes
were reported as TEAEs.

Statistical Methods

The sample size was based on an assumed effect
size between tramadol and placebo of at least
40%. A sample size of 135 patients per arm (405
patients in total) provided over 90% power to
detect a SPID48 effect size of 40% between each
pairwise tramadol and placebo comparison,
assuming an alpha of 0.05 and using a two-
sided test of mean differences.

The full analysis set (FAS) population was
defined as all randomized patients who received
at least one dose of study medication. Patients
were analyzed according to the treatment group
they were randomized to. The safety population
was defined as all patients who received at least
one dose of study medication. Patients were
analyzed according to the actual treatment they
received. There was one patient randomized to
placebo who received a single dose of IV tra-
madol 50 mg, and thus was included in the

tramadol 50 mg arm for purposes of safety
assessment.

All SPID calculations were performed using
the standard trapezoidal rule:

SPID ¼
Xx

i¼0

PIDi þ PIDiþ1

2

� �
� Tiþ1 � Tið Þ;

where PIDi is the PID at time i, and (Ti ? 1 – Ti) is
the time difference in hours between time i and
time i ? 1.

Multiple imputation provides a useful strat-
egy for analyzing data sets with missing values.
Instead of filling in a single value for each
missing value, Rubin’s [14] multiple imputation
strategy replaces each missing value with a set
of plausible values that represent the uncer-
tainty about the correct value to impute. This
methodology was used to address missing data.
Specifically, for the primary endpoint (SPID48),
100 imputed data sets were created, with data
imputation for missing values due to missing-
ness at random as well as due to discontinua-
tion due to AE (missing, not at random) and to
account for use of rescue medication (the last
NPRS prior to the use of any rescue medication
was used to impute subsequent NPRS scores for
the subsequent protocol-specified time points
for measurement of pain intensity through 4 h
after the time of the dosing of the rescue
medication).

The 100 imputed data sets were analyzed
using an analysis of covariance (ANCOVA)
model with contrasts to test the primary efficacy
endpoint. The model used treatment as the
main effect and investigational center and
baseline pain intensity (NPRS scores of 0–10) as
covariates. Data from all three treatment groups
were included in the same ANCOVA model for
purposes of the testing procedures. The 100
resulting treatment effect parameters and stan-
dard errors (SEs) from these ANCOVA were
presented individually and then combined to
provide a distribution of parameters (and SEs)
upon which the primary hypothesis of treat-
ment effect was determined.

The results of the analyses were presented in
summary tables with standard summary statis-
tics as well as least squares (LS) means, active
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versus placebo LS mean differences (treated
group – placebo), SEs, confidence intervals, and
paired-comparison p values. The mean SPID
values and standard errors of the mean (SEM)
for each treatment group were also presented
graphically. This analysis was referred to as the
multiple imputation analysis.

Average patient global assessment at sched-
uled time points was assessed for treatment
group differences using an ANCOVA with
pooled study center and the baseline pain score
as covariates. Total consumption of rescue
medication was calculated as the total amount
of rescue analgesia (mg) captured in the rescue
medications electronic case report form and
recorded as given to the patient between the
first dose of study medication through 48 h post
first dose (4 h after the start of the last dose of
study medication). The total consumption of
rescue analgesia was analyzed using the non-
parametric Wilcoxon rank sum test to test each
active versus placebo comparison separately.
The incidence of TEAEs was summarized for
each treatment group by SOC and preferred
term sorted in descending frequency by SOC,
and then by preferred term within SOC.

There were two pairwise comparisons of
interest:

• High-dose tramadol (50 mg) versus placebo
• Low-dose tramadol (25 mg) versus placebo

All inferential assessments were two-sided
tests performed at the 0.05 alpha level. A hier-
archical alpha testing strategy was utilized to
control for the overall experiment-wise alpha.
As there were multiple tests being performed
(the single primary efficacy variable pairwise
test and the key secondary efficacy tests), the
following strategy was applied.

The high-dose tramadol arm versus placebo
comparison was assessed for the primary end-
point, summary of pain intensity differences
through 48 h (SPID48) at the 0.05 alpha level. If
and only if the p value is 0.05 or less for this
pairwise comparison was the lower dose tra-
madol arm versus placebo comparison to be
assessed. If the p value for the high-dose arm
was not significant, all testing was to cease, and
it was to be concluded that neither tramadol

treatment group provide better pain relief than
placebo.

If the primary endpoint was significant for
the tramadol versus placebo comparison (in
favor of the tramadol arm) for the high dose
comparison, then statistical testing was to pro-
ceed to the high-dose tramadol key secondary
endpoints, to be tested in the following order:

• SPID24
• Total consumption of rescue analgesia
• Patient global assessment of efficacy at 24

and 48 h (the two time points were to be
tested simultaneously)

If a statistical test within each pairwise
comparison was significant for the high dose
comparison at the nominal 0.05 level, two-
sided (in favor of the tramadol arm) for the first
endpoint, then testing was to proceed to the
next endpoint in the list, and so on. Once a
non-significant test occurred, endpoints lower
in the list were to be considered not statistically
significant. Testing for the low-dose tramadol vs
placebo comparison proceeded in a similar
fashion, but only if the original high-dose tra-
madol vs placebo SPID48 primary comparison
was statistically significant and in favor of tra-
madol. Dose–response was assessed via testing
for a linear trend across the doses (where pla-
cebo was set to zero, and the tramadol 25 mg
and 50 mg groups were analyzed accordingly).

The time-specific pain intensity profile over
time was assessed using a mixed model repeated
measures (MMRM) with pain intensity differ-
ence as the dependent variable and fixed effects
for treatment, time, the treatment by time
interaction, and random patient effect, and
pooled study center and baseline pain score as
covariates. Pairwise comparisons at each time
point were determined from the MMRM, and
model-based least square means (LS means) and
standard errors (SEs) were plotted for visual
comparison of the treatment group outcomes.
Only scheduled visits were included in the
MMRM after appropriate imputation for rescue.
All analyses were performed using the SAS Sys-
tem� version 9.4.

A computer-generated randomization
scheme was prepared prior to the study start
(Axiom Real Time Metrics, Toronto, Ontario).
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Patients who met the enrollment criteria were
randomly allocated to one of three treatment
arms (tramadol 50 mg, tramadol 25 mg, or pla-
cebo) in a 1:1:1 ratio. Upon randomization, a
unique four-digit study-specific randomization
number was assigned. Patients, study staff, the
sponsor, and contract research organizations
involved with the study were blinded to treat-
ment assignments, and the study remained
blinded until all patients completed all study
procedures and the clinical database had been
locked.

RESULTS

Patient Disposition

A total of 818 patients were screened, 434 were
randomized, and 409 met the postoperative
eligibility criteria and received treatment. Study
completion rates were very high, with the lar-
gest proportion of patients completing the tra-
madol 50 mg group (98.6%) as compared to the
tramadol 25 mg group (91.8%) and placebo
group (88.2%) (Fig. 1). Discontinuation due to
lack of efficacy was highest for the placebo arm
(11 patients), the IV tramadol 25 mg arm (7
patients) as compared to the IV tramadol 50 mg
arm (1 patient). Patients were enrolled from five
investigational study centers, with each center
contributing at least 12% of total patients in the
study. No center contributed more than 35% of
patients, and thus the influence (weight) of
each study center on the outcomes was gener-
ally similar.

Demographics

The majority of patients were female (85.3%),
White (68.5%), and non-Hispanic/non-Latino
(63.6%). The median age was 46.0 years and
median BMI was 28 kg/m2. The treatment
groups were similar with respect to the demo-
graphic and baseline characteristics (Table 1).

Primary and Secondary Efficacy

There was very little missing data for the pri-
mary efficacy endpoint: overall, 89.7% of
patients had complete (i.e., no missing) NPRS
assessments through hour 48. The IV tramadol
50 mg group had the highest proportion of
patients with complete NPRS data (97.8%), fol-
lowed by the IV tramadol 25 mg group (88.1%)
and placebo group (83.1%).

The study outcomes demonstrated a clear
dose response over the dose range tested
(Table 2). IV tramadol 50 mg was effective in the
management of postoperative pain over the full
48-h treatment period as well as over the first
24 h of treatment, whereas IV tramadol 25 mg,
while having some activity, was suboptimal
with respect to clinical benefit. For each efficacy
parameter, the IV tramadol 50 mg group was
found to be statistically significantly and clini-
cally meaningfully better than placebo, with all
p values less than 0.05 (in accordance with the
predefined hierarchical testing strategy) for the
primary efficacy and all key secondary efficacy
endpoints. The tramadol 25 mg group was not
found to be statistically significantly different
from placebo for the primary analysis (SPID48),
and thus testing of the key secondary findings
for that dose is not presented in the table, in
accordance with the predefined hierarchical
testing strategy.

Pain scores were significantly lower (Fig. 2)
and patient satisfaction with pain control was
significantly higher with IV tramadol 50 mg as
compared to placebo at both 24 and 48 h
(Fig. 3), demonstrating the clinical benefit of
tramadol over placebo. Patients randomized to
the IV tramadol 50 mg dose used less rescue
medication. The highest rate of consumption
was observed in the placebo group (32.71 mg/
h), followed by the tramadol 25 mg group
(31.22 mg/h), and tramadol 50 mg group
(21.75 mg/h). The difference in consumption
between the tramadol 50 mg group and placebo
group was statistically significant (p\0.001).
Patients in the IV tramadol 50 mg also experi-
enced faster perceptible and meaningful pain
relief than patients treated with placebo, and (as
demonstrated via a 98.7% study completion
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rate) were able to tolerate the study medication
well.

Statistically significant differences between
IV tramadol 50 mg and placebo, favoring
greater pain relief in the IV tramadol 50 mg
group, were observed as early at the first mea-
sured time point (hour 0.5, p = 0.020) (Fig. 4)
and continued to be significantly different
through most of the 48-h treatment period. IV
tramadol 25 mg also produced greater changes
from baseline than placebo at most time points;
however, statistically significant differences
between IV tramadol 25 mg and placebo were
only observed at two time points (hours 6 and
10). A statistically significant linear trend in key
efficacy outcomes was observed across the
studied dose range, i.e., placebo (0 mg), IV tra-
madol 25 mg, and IV tramadol 50 mg. IV tra-
madol 50 mg resulted in statistically

significantly shorter median time to first per-
ceptible pain relief and time to first meaningful
pain relief than placebo, whereas IV tramadol
25 mg was not found to be statistically signifi-
cantly different from placebo.

Safety and Tolerability

Approximately half (51.1%) of all patients
experienced at least one TEAE during the study.
The incidence of patients with at least one TEAE
was greatest in the IV tramadol 50 mg group
(66.4%), followed by the placebo group (44.1%)
and the IV tramadol 25 mg group (42.1%).

The incidence of patients with at least one
TEAE considered to be at least possibly related
to study drug was greatest in the IV tramadol
50 mg group (58.6%), followed by the IV

Fig. 1 Study consort diagram of patient disposition from screening to study completion
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tramadol 25 mg group (35.3%) and placebo
group (33.8%). The incidence of patients expe-
riencing at least one TEAE of grade 3 or higher
was 3.6% in the IV tramadol 50 mg group, 0.8%
in the tramadol 25 mg group, and 0.7% in the
placebo group. One patient who was in the IV
tramadol 25 mg group experienced an SAE.
Three patients (including the patient who had
an SAE) had TEAEs leading to study discontin-
uation: two in the tramadol 25 mg group and
one in the tramadol 50 mg group. No TEAEs
leading to death were reported (Table 3).

Overall the types of TEAEs were similar
across treatment groups, including the placebo

group. The incidence of patients reporting
nausea, vomiting, dizziness, and somnolence
was greater for the IV tramadol 50 mg group
(32.1%, 20.0%, 15.0%, and 11.4%, respectively)
compared to the placebo group (8.1%, 3.7%,
2.9%, and 2.2%, respectively) and IV tramadol
25 mg group (9.0%, 3.0%, 5.3%, and 4.5%,
respectively) (Table 4). The rate of patients
experiencing the first onset of a TEAE in the
0–4-h time period after initiating treatment was
14.7%, 15.8%, and 28.6% in the placebo, tra-
madol 25 mg, and tramadol 50 mg groups,
respectively. The rate of patients experiencing
the first onset of a TEAE in the 4–8-h time

Table 1 Demographic and baseline characteristics

Category Placebo
(N = 136)

Tramadol 25 mg
(N = 134)

Tramadol 50 mg
(N = 139)

Age (years), mean (SD) 45.3 (13.44) 44.5 (13.15) 45.7 (13.51)

Age, range (min, max) (19, 69) (19, 74) (19, 69)

Female, n (%) 113 (83.1) 116 (86.6) 120 (86.3)

Hispanic or Latino, n (%) 52 (38.2) 46 (34.3) 51 (36.7)

Race, n (%)

American Indian or Alaskan Native 4 (2.9) 1 (0.7) 2 (1.4)

Native Hawaiian/Pacific Islander 0 1 (0.7) 0

Asian 4 (2.9) 3 (2.2) 2 (1.4)

White 88 (64.7) 88 (65.7) 104 (74.8)

Black or African American 37 (27.2) 38 (28.4) 29 (20.9)

Other 0 1 (0.7) 0

Multiple 3 (2.2) 2 (1.5) 2 (1.4)

Previous use of opioid, n (%) 47 (34.6) 52 (38.8) 42 (30.2)

Qualifying categorical pain score, n (%)

Moderate 75 (55.1) 80 (59.7) 89 (64.0)

Severe 61 (44.9) 54 (40.3) 50 (36.0)

Qualifying NPRS, mean (SD) 6.9 (1.63) 6.8 (1.39) 6.7 (1.66)

Baseline body mass index (kg/m2), mean

(SD)

28.3 (4.91) 28.1 (5.48) 27.9 (4.97)

max maximum, min minimum, NPRS numerical pain rating scale, SD standard deviation
NPRS scores ranged from 0 (no pain) to 10 (worst pain)
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period was 5.9%, 1.5%, and 7.1% in the pla-
cebo, tramadol 25 mg, and tramadol 50 mg
groups, respectively.

While there were some patients with shifts in
laboratory parameters from baseline to end of
study, these shifts were not judged to be related
to study treatment, and there were no trends

towards a higher incidence of shifts with
increasing tramadol dosage. Vital signs
demonstrated a slight reduction in heart rate
across the dose range, but no apparent trend in
oxygen saturation (Fig. 5). Clinically meaning-
ful changes in these safety outcomes were

Table 2 Summary of key efficacy findings in accordance with predefined hierarchical testing strategy (FAS population)

Placebo (N = 136) Tramadol 25 mg (N = 134) Tramadol 50 mg (N = 139)

SPID48, comparison versus placeboa

Difference in LS mean (SE) - 13.1 (8.98) - 25.0 (8.81)

P value for difference 0.145 0.005

SPID24, comparison versus placeboa

Difference in LS mean (SE) - 8.0 (4.57) - 17.8 (4.50)

p value for difference Not significant \ 0.001

Total rescue medication use, comparison versus placebob

Difference in rank sum mean - 6.4 - 30.1

P value for difference Not significant 0.002

Patient global assessment for 24 h (comparison versus placebo)c

Difference in LS mean (SE) 0.4 (0.14) 0.8 (0.14)

P value for difference Not significant \ 0.001

Patient global assessment for 48 h (comparison versus placebo)c

Difference in LS mean (SE) 0.5 (0.16) 0.8 (0.15)

P value for difference Not significant \ 0.001

Proportion of patients with rescue medication use from 0 to 48 hd

Yes, n (%) 121 (89.0) 109 (81.3) 103 (74.1)

No, n (%) 15 (11.0) 25 (18.7) 36 (25.9)

P value versus placebo Not significant 0.002

P values in this table are in accordance with the predefined hierarchical testing strategy. Since the p value for tramadol 25 mg
compared to placebo was not statistically significant for the primary endpoint, the remaining endpoints were considered not
significant
ANCOVA analysis of covariance, FAS full analysis set, LS least squares, NPRS numerical pain rating scale, SE standard error
a From combined results obtained from analysis of the 100 multiply imputed data sets using an ANCOVA model with
treatment as the main effect, pooled study center and baseline NPRS as covariates
b Rank sum mean difference (treatment – placebo) and p values are obtained from pairwise two-sample Wilcoxon rank sum
test
c From an ANCOVA with treatment as the main effect, pooled study center and baseline NPRS scores as covariates
d From Cochran–Mantel–Haenszel test (stratified by pooled study center)
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reported as TEAEs, with very few events repor-
ted in any treatment group.

Table 5 presents the incidence of new-onset
potentially clinically significant findings that
occurred at any time point during the study.
The incidence of these findings was generally
similar between treatment groups. Potentially
clinically significant changes in QT or QTcF
were only observed in the placebo group.

DISCUSSION

This study was a phase 3, multicenter, double-
blind, three-arm, randomized, placebo-con-
trolled, multiple-dose, parallel-group trial to
evaluate the safety, tolerability, and efficacy of
IV tramadol 25 and 50 mg versus placebo in the
management of postoperative pain in consent-
ing patients undergoing unilateral primary first
metatarsal (bunionectomy) surgery. The pri-
mary objective of this study was to evaluate the
analgesic efficacy of IV tramadol compared to
placebo in the management of postoperative

pain. SPID48 was used as the primary measure
of efficacy. Secondary efficacy endpoints inclu-
ded SPID24, total consumption of rescue (sup-
plemental) analgesia, and the patient global
assessment of efficacy at 24 and 48 h post first
dose. Bunionectomy is a proven, reliable, and
useful orthopedic model for assessing the effi-
cacy of acute pain drugs [13].

The study outcomes demonstrate that the
tramadol 50 mg dose was effective in the man-
agement of postoperative pain over both the
full 48-h treatment period as well as over the
first 24 h of treatment. For each efficacy
parameter, the tramadol 50 mg dose was found
to be statistically significantly better than pla-
cebo, with all p values less than 0.05 (in accor-
dance with the predefined hierarchical testing
strategy). Pain scores were significantly lower
and patient satisfaction with pain control was
significantly higher with tramadol 50 mg as
compared to placebo at both 24 and 48 h.
Patients randomized to the tramadol 50 mg
dose used less rescue medication and experi-
enced faster perceptible and meaningful pain

Fig. 2 Least squares means (± standard errors of the means) of pain intensity differences over the 48-h treatment period
(FAS population)
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relief than patients treated with placebo, and (as
demonstrated via a 98.7% study completion
rate) were able to tolerate the study medication
well. The tramadol 25 mg was found to not be
statistically significantly different from placebo
in the primary analysis (SPID48), and thus for-
mal testing of the key secondary findings was
not performed for tramadol 25 mg, in accor-
dance with the predefined hierarchical testing
strategy.

Other key findings included a fast onset of
action, as demonstrated by statistically signifi-
cant differences between IV tramadol 50 mg
and placebo as early at the first measured time
point (hour 0.5, p = 0.020) and sustained
through most of the 48-h treatment period
(Fig. 3).

The safety assessments indicate that treat-
ment with IV tramadol 25 mg and 50 mg was
well tolerated in patients (tolerability was mea-
sured by how many patients had to discontinue
treatment) with no clinically relevant changes
in vital signs, laboratory tests, or ECGs. TEAEs
were generally dose related, with the 25 mg
group close to placebo in terms of most AEs. The
incidence of at least possibly related TEAEs was
highest in the tramadol 50 mg group for nausea,
vomiting, dizziness, somnolence, infusion site
pain, constipation, pruritus, and hypoxia. These
AEs were anticipated on the basis of the phar-
macology of tramadol and its primary
metabolite.

This study was part of a broad 1000-patient
drug development program, in which four
clinical studies were performed, initiated with a
phase 1 pharmacokinetics study [11] which
demonstrated that the IV tramadol 50 mg dose
(given with the dosing regimen as used in this
bunionectomy study) provided comparable
Cmax and Cmin (trough) concentrations as the
oral formulation of tramadol at steady state. A
phase 3 study [15] provided proof of efficacy of
IV tramadol 50 mg vs both placebo and an
active comparator, IV morphine, in a double-
blind abdominoplasty surgical model, and
importantly, demonstrated that the 50 mg dose
of IV tramadol was comparable to IV morphine
for both the primary and all key secondary
efficacy pain parameters.

Further, a phase 3 open-label study [16] of IV
tramadol 50 mg performed in various types of
surgeries (e.g., knee replacement, hip replace-
ment, soft tissue surgeries) confirmed that IV
tramadol used in a multimodal setting (in
which a combination of both IV tramadol and
other non-opioid medications such as ibupro-
fen were used to treat postsurgical pain) was
both effective and well tolerated in these acute
pain settings.

This study, as well as the other phase 3
double-blind study (abdominoplasty surgical
model), was well controlled in an established
acute pain surgical model [17]. It is acknowl-
edged that the eligibility and study procedures
in such surgical model studies are not neces-
sarily reflective of real-world practice. Proce-
dures in these types of rigorous clinical trials

Fig. 3 Patient global assessment of treatment at hour 24
and hour 48: tramadol 50 mg vs placebo
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must be standardized for all treatment arms and
allow for detection of true treatment benefit
without confounding from other intrinsic or
extrinsic factors. The intent of these studies is to
test primary hypotheses comparing the test
therapy to a control arm without bias or con-
founding, and thus not necessarily to mimic
real-life treatment. Rather, real-life studies (e.g.,
as reported by Minkowitz 2020) which are not
hypothesis-testing are specifically designed to
mimic a real-life setting.

In summary, this study demonstrated that IV
tramadol 50 mg dosing regimen had a signifi-
cant analgesic effect in patients with moderate
to moderately severe pain following bunionec-
tomy surgery. The IV tramadol 50 mg was also
well tolerated in this study. Importantly, the
study established a clear dose response between

the 50 mg and the 25 mg dosing regimens for
efficacy as well as adverse effects. The IV tra-
madol 50 mg dosing regimen was chosen to be
taken into future clinical studies.

This study was part of an overall drug
development program designed to bring IV
tramadol to the USA as a treatment option. This
current study was designed with a specific pur-
pose, i.e., to identify (from one of two dosing
regimens) the one with the preferred bene-
fit–risk profile, and to establish the magnitude
of any dose–response profile that may exist
across the dose range studied. Thus, this study
was limited in that it was not designed to
answer each and every question that might
relate to the benefits and risks of IV tramadol as
a treatment for postsurgical pain. The broad
development program (performed in over 1000

Fig. 4 Least squares means (± standard errors of the means) of pain intensity differences over the first 4 h of treatment:
tramadol 50 mg vs placebo (FAS population)
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Table 3 Overview of treatment-emergent adverse events

Placebo
(N = 136)

Tramadol
25 mg
(N = 133)

Tramadol
50 mg
(N = 140)

Number of

patients with at

least one TEAEa

60 (44.1) 56 (42.1) 93 (66.4)

Number of

patients with at

least one TEAE

considered to be

at least possibly

relatedb

46 (33.8) 47 (35.3) 82 (58.6)

Number of

patients with at

least one grade 3

or higher TEAE

1 (0.7) 1 (0.8) 5 (3.6)

Number of

patients with at

least one SAE

0 1 (0.8) 0

Number of patient

with TEAEs

leading to study

discontinuation

0 2 (1.5) 1 (0.7)

Number of

TEAEs leading

to death

0 0 0

Data are presented as n (%). Patients experiencing more
than one TEAE were only counted once under the greatest
severity and causality
TEAE treatment-emergent adverse event, SAE serious
adverse event
a A TEAE was defined as an adverse event occurring
during or after study drug administration and up to 24 h
after the start of the last study drug administration
b At least possibly related TEAEs were defined as TEAEs
with relationship of probably, possibly, or definitely related

Table 4 Incidence of treatment-emergent adverse events
occurring in at least 2% of patients in any treatment group

MedDRA
preferred term

Placebo
(N = 136)

Tramadol
25 mg
(N = 133)

Tramadol
50 mg
(N = 140)

Nausea 11 (8.1) 12 (9.0) 45 (32.1)

Vomiting 5 (3.7) 4 (3.0) 28 (20.0)

Headache 13 (9.6) 14 (10.5) 8 (5.7)

Dizziness 4 (2.9) 7 (5.3) 21 (15.0)

Infusion site

pain

10 (7.4) 5 (3.8) 11 (7.9)

Somnolence 3 (2.2) 6 (4.5) 16 (11.4)

Infusion site

extravasationa
5 (3.7) 7 (5.3) 5 (3.6)

Constipation 3 (2.2) 3 (2.3) 8 (5.7)

Pruritus

generalized

1 (0.7) 3 (2.3) 4 (2.9)

Hypoxia 1 (0.7) 0 5 (3.6)

Diarrhea 2 (1.5) 3 (2.3) 0

Decreased

appetite

3 (2.2) 1 (0.8) 0

Muscle

twitching

1 (0.7) 3 (2.3) 0

Rash 0 3 (2.3) 0

Data are presented as n (%). A TEAE was defined as an
adverse event occurring during or after study drug
administration and up to 24 h after last study drug
administration. For each preferred term, patients experi-
encing more than one TEAE are only counted once. All
adverse events were coded using the MedDRA, Version
20.1
MedDRA Medical Dictionary for Regulatory Authorities,
TEAE treatment-emergent adverse event
a Includes events of infusion site extravasation coded
under the system organ class of general disorders and
administration site conditions as well as an event coded
under injury, poisoning, and procedural complications
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subjects in total) included phase 1 studies to
ascertain pharmacokinetic concentrations from
various dosing regimens and comparison to the
current oral formulation of tramadol [11],
assessment of the effects of tramadol on QTcF
(not published), and phase 3 double-blind
comparison to an active comparator [15],
another phase 3 open-label ‘‘real-world’’ study

in various types of surgery and combinations of
pain relief modalities [16], i.e., multimodal use
of IV tramadol as part of physician-managed
pain relief across multiple study centers and
types of procedures. Those studies address many
of the limitations of this current study. This
current study provides key information regard-
ing dose response of IV tramadol.

Fig. 5 Mean heart rate (beats per minute) and oxygen saturation (%)—change from baseline
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CONCLUSION

IV tramadol 50 mg was effective and well tol-
erated as treatment for postoperative pain fol-
lowing bunionectomy surgery, while IV
tramadol 25 mg, although well tolerated, was
judged an ineffective dose for the treatment of
pain in this setting. IV tramadol 50 mg has been
further studied in a large registrational program
for the USA.
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Table 5 New-onset ECG potentially clinically significant outcomes from 12-lead electrocardiograms—any time post-first
dose

ECG
parameter

Criteria Placebo
(N = 136)
n/N (%)a

Tramadol 25 mg
(N=133)
n/N (%)a

Tramadol 50 mg
(N = 140)
n/N (%)a

QTcF interval High ([ 450 msec in males,

[ 470 msec in females or increase of

C 50 msec from baseline)

3/133 (2.3) 0/131 0/140

QT interval High ([ 500 msec or an increase of

C 60 msec from baseline)

1/133 (0.8) 0/131 0/140

QRS duration High ([ 100 msec or an increase of
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Low (\ 45 bpm or a decrease of

C 25 bpm from baseline)
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Baseline value was the last measurement prior to dosing
bpm beats per minute, ECG electrocardiogram, PCS potentially clinically significant
a n = total patients who were normal at baseline and met PCS criteria post-baseline, N = total patients who had both
baseline and post-baseline values and the baseline value was normal
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