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Background. Oliceridine, an investigational IV opioid, is a first-in-class G-protein selective agonist at the μ-opioid receptor. 'e
G-protein selectivity results in potent analgesia with less recruitment of β-arrestin, a signaling pathway associated with opioid-
related adverse events (ORAEs). In randomized controlled studies in both hard and soft tissue models yielding surgical pain,
oliceridine provided effective analgesia with a potential for an improved safety and tolerability profile at equianalgesic doses to
morphine. 'e phase 3, open-label, single-arm, multicenter ATHENA trial demonstrated the safety, tolerability, and effectiveness
of oliceridine in moderate to severe acute pain in a broad range of patients undergoing surgery or with painful medical conditions
warranting use of an IV opioid. 'is retrospective, observational chart review study compared respiratory depression events
associated with oliceridine administration as found in the ATHENA trial to a control cohort treated with conventional opioids.
Methods. Patients at 18 years of age or older, who underwent colorectal, orthopedic, cardiothoracic, bariatric, or general surgeries
between June 2015 and May 2017 in 11 sites participating in the ATHENA trial who received postoperative analgesia either with
IV oliceridine or with IV conventional opioids (e.g., morphine alone or in combination with other opioids) (CO cohort); and had
a hospital stay >48 hours, were included in this retrospective analysis. Data from the ATHENA trial was used for the oliceridine
cohort; and additional baseline characteristics were collected from medical charts. Data from medical charts were collected for all
CO cohort patients. 'e two cohorts were balanced using an inverse probability weighting method.'e primary outcome was the
incidence of operationally defined opioid-induced respiratory depression (OIRD) in the two cohorts. Secondary outcomes
included between-group comparison of the incidence of OIRD events among a subset of high-risk patients. Results. OIRD was
significantly less in the oliceridine cohort compared to the CO cohort (8.0% vs. 30.7%; odds ratio: 0.139) (95% confidence interval
[CI] 0.09–0.22; P< 0.0001). Likewise, the incidence of OIRD was lower among high-risk patients in the oliceridine cohort (9.1%
vs. 34.7%; odds ratio: 0.136) (95% CI [0.09–0.22]; P< 0.0001) compared to the CO cohort. Conclusion. In this retrospective chart
review study, patients receiving IV oliceridine for moderate to severe acute pain demonstrated a lower incidence of treatment
emergent OIRD compared to patients who were treated with IV morphine either alone or with concomitant administration of
other opioids.
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1. Introduction

In the management of postoperative acute pain, IV opioids
remain an important pharmacotherapy, particularly for
moderate to severe pain [1–3]. However, conventional
opioids are associated with adverse events ranging from
pruritus, nausea/vomiting, and constipation to potentially
fatal adverse events such as respiratory depression requiring
mechanical ventilation [1, 4].

'e introduction of multimodal pain management pro-
tocols has reduced, though not eliminated, the need for IV
opioids [5, 6]. At the same time, drug development efforts
have focused on innovative alternatives that may provide
opioid-level analgesic efficacy with reduced incidence of
opioid-related adverse events (ORAEs). While conventional
opioids bind to the μ-opioid receptor (MOR) and subse-
quently engage in postreceptor signaling through G-protein
activation, leading to analgesia, it is the concurrent activation
of the postreceptor signaling protein β-arrestin-2 that has
been implicated in the development of ORAEs [7–9]. 'us,
development of compounds conferring functional selectivity
(biased agonism) with preferential activity in the G-protein
signaling pathway over β-arrestin pathway has been hy-
pothesized to broaden the therapeutic window, allowing for
analgesic effects with fewer adverse events [10, 11].

Oliceridine (Trevena Inc., Chesterbrook, PA, USA) is a
next generation G-protein selective agonist at the μ-opioid
receptor (MOR) that exhibits markedly reduced β-arrestin
recruitment when compared with conventional opioids
[9, 12]. Nonclinical studies and initial clinical trials reported
effective, rapid analgesia, with a low incidence of adverse
events, with data suggesting less reduction in respiratory
drive with oliceridine than morphine [12–16]. In random-
ized, controlled pivotal phase 3 trials involving hard tissue
and soft tissue models of surgical pain, oliceridine IV
exhibited a lower incidence of respiratory safety events and
gastrointestinal adverse events compared to morphine at
doses achieving comparable pain relief [17, 18].

A phase 3, open-label, single-arm, multicenter trial
(ATHENA) was conducted in a broad range of patients
undergoing a variety of surgeries or receiving treatment for
painful medical conditions. 'e ATHENA trial design used
intentionally less restrictive eligibility criteria and treatment
protocol requirements. 'is was done in order to examine
the safety and tolerability of the use of oliceridine under
circumstances that resembled, as closely as possible, the
standard of care in clinical practice in settings where a
conventional IV opioid would be indicated for the treatment
of moderate to severe acute pain [19].

Findings from the ATHENA trial demonstrated that
oliceridine, administered alone or as a component of
multimodal analgesia, was generally safe and well tolerated
in both surgical and medical patients experiencing moderate
to severe acute pain, with nausea (18%), vomiting (7%), and
constipation (6%) being the most frequent AEs “probably”
or “possibly” related to oliceridine [19], similar to the profile
observed in the prior phase 3 controlled trials [17, 18].

'e ATHENA trial was a single cohort study and did not
include a concurrent control group. 'erefore, this retro-
spective chart review was designed to compare the safety of
oliceridine as observed in the ATHENA trial to a control
cohort treated with conventional opioids at a subset of the
ATHENA investigational sites during the same time period.
'e objective of this study was to compare safety data, in
particular, respiratory depression events between the two
cohorts.

2. Methods

2.1. Ethical Approval and Consent for Participation. 'e
ATHENA trial was approved by the Institutional Review
Board (IRB) or Independent Ethics Committee at each
investigational site and was conducted in compliance with
the ethical principles of the Declaration of Helsinki and all
International Conference on Harmonization Good Clinical
Practice Guidelines. All patients provided written informed
consent before participating in the study.

'is retrospective study was approved by the same IRB
within each site. 'e research was conducted in accordance
with the approved protocol and complied with the standards of
the Declaration of Helsinki. 'is study involved a retrospective
review of the existing data that were deidentified prior to the
analysis and was granted a waiver of informed consent by the
IRB for the subjects included in the CO cohort.

2.2. Overall Study Design. 'is multicenter, retrospective
chart review study was conducted in a subset of the
ATHENA investigational sites (11 sites) (Supplemental
Table 1). Patients who underwent colorectal, orthopedic,
cardiothoracic, bariatric, or general surgeries between June
2015 and May 2017 were included in the analysis. All
subjects received analgesia for postoperative pain that in-
cluded either IV oliceridine (in the original ATHENA trial
patients, referred to here as the oliceridine cohort) or IV
morphine alone or in combination with other opioids (in the
chart review patients, referred to here as the conventional
opioid [CO] cohort). 'e CO cohort was identified by a
directed chart review of patients admitted during the same
interval of time that ATHENA recruitment had occurred
(Figure 1). Site selection was based upon a sufficient size of
patient enrollment in the original ATHENA trial at the
particular site and the availability of investigational staff at
the site to perform the chart review procedures. 'e safety of
oliceridine, with respect to respiratory or gastrointestinal
opioid-related adverse events (ORAEs) from the oliceridine
cohort, was compared to the same clinical events seen in the
CO cohort. In order to enhance the quality of the comparative
analysis and allow characterization of the risk profile of the
patient populations, the chart review procedure obtained ad-
ditional clinical details on both cohorts where available in the
record, including details of the operative or medical proce-
dures, recovery milestones, and other concomitant treatment
interventions. Due to lack of protocol-directed standardized
use of antiemetics, the information available on the use of
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antiemetics from medical records did not provide meaningful
information.'us, only the data obtained for respiratory safety
is discussed in this manuscript.

2.3. Oliceridine Cohort Patient Population. 'e ATHENA
trial enrolled patients at 18 years of age or older,

experiencing moderate to severe acute pain following sur-
gery or accompanying a painful nonsurgical medical con-
dition, defined as a score ≥4 on an 11-point numeric rating
scale (NRS) [ranging from 0� no pain to 10�worst pain].
Patients with an American Society of Anesthesiologists
(ASA) physical status of ≥4 at the time of surgery were
excluded. In addition, patients with a diagnosis of substance

Oliceridine IV dosing/
administration/setting

Oliceridine IV dose, mg Lockout
interval
(min)Loading Supplemental Subsequent/ 

demand

Clinician 
administered
bolus

Usual 1-2
1 (≥15 min

post loading,
PRN)

1-3, q 1-3 h 
(PRN)

-
Rapid 

analgesia§ 1-3 1-3, q 5 min 
(PRN)

1-3, q 1-3 h 
(PRN)

Patient-controlled 
analgesia 1-5  1 (PRN) 0.5 (PRN) 6

Cumulative exposure

Treatment period: 0-14 days† End of
treatment

Follow-
up

Pre-
dose

Patients with
moderate-
severe pain
(NRS ≥ 4)

Screening / 
baseline

14 days before
first dose of
oliceridine

2-3 days a�er 
end of

treatment

§Settings in which rapid analgesia was required, e.g., emergency department or postanesthesia care unit
†As determined by the clinical need for parenteral opioid therapy
IV = intravenous; NRS = numeric rating scale; PRN, as needed

Men and women aged ≥ 18 years with a score ≥ 4 on an 11-pain numeric pain rating scale 
(NRS) treated as needed (PRN) with IV oliceridine via clinician-administered IV bolus dosing 

and/or by patient-controlled analgesia (PCA)

ATHENA study design

Inclusion criteria:
Age ≥18 years at the time of surgical
procedure
Admitted to the hospital for at least 48 
hours following surgery

Key exclusion criteria:
(i) ASA status ≥ 4

(ii)

(i)

(ii)

(iii)
(iv)

Oliceridine ≤ 4mg in ATHENA pts
Morphine ≤ 20mg IV (or MME) in CO
cohort

∗Defined as patients with comorbidities of chronic obstructive pulmonary disease, obesity,
renal impairment, or sleep apnea; or who were elderly (age ≥65 years at the time of
treatment)

Multicenter, retrospective chart review in 11 ATHENA
study sites in patients undergoing colorectal, orthopedic,

bariatric, or general surgeries between June 2015 and May 2017
and receiving postoperative IV pain treatment

Conventional opioid (CO)
cohort (received morphine IV)

Oliceridine cohort 
(received oliceridine IV) 

Endpoints

Oliceridine Cohort vs. CO Cohort
Primary: respiratory depression events
Secondary:

(i) Respiratory depression in high-risk ∗ group;
(ii) Postoperative nausea/vomiting; use of antiemetics

MME = morphine milligram equivalent

Patients in the CO cohort were
balanced for age, sex, site, 
comorbidities, American Society of
Anesthesiologists (ASA) status, and 
surgical procedure to make
comparisons with the oliceridine
cohort

Retrospective Observational Study Design

Diagnosis of substance abuse, opioid 
dependence, or opioid tolerance at the 
time of surgery

Figure 1: Study design for ATHENA and retrospective observational chart review study. Eleven study sites from the ATHENA trial
participated in the retrospective observational chart review study. Subjects in the CO cohort were identified by rigorous chart review during
the same interval of time that recruitment for the ATHENA trial had occurred. 'e CO cohort was limited to individuals treated with IV
morphine either alone or in combination with other conventional opioids.

Pain Research and Management 3



abuse, opioid dependence, or opioid tolerance at the time of
surgery were excluded. 'e trial enrolled a total of 768
patients with mean age 54.1± 16.1 years and a mean pain
score of 6.3± 2.1 (NRS) who received oliceridine IV. One-
third of the enrolled patients (32.2%) were ≥65 years old and
half of all patients (45.8%) had a body mass index (BMI)≥
30 kg/m2. Most patients were female (64.8%) and Caucasian
(77.8%). Surgical patients comprised the majority of the
study population (93.9%), most common being orthopedic
(30.1%), colorectal (15.0%), or gynecologic (15.0%) proce-
dures. A detailed presentation of the study design and results
for the ATHENA trial are reported elsewhere [19].

Eligible patients from 11 sites participating in the
ATHENA trial comprised the oliceridine cohort used in this
retrospective chart review study. To meet the inclusion
criteria for this analysis, these ATHENA patients were of age
18 years or older at the time of surgical procedure, with ASA
physical status less than 4 and admitted in the hospital for at
least 48 hours following surgery. 'ey should have received
one or more doses of IV oliceridine (minimum cumulative
dose of 4mg) for the management of postoperative pain
during the inpatient hospital stay, including time spent in
the postanesthesia care unit (PACU) (Figure 1).

2.4. Oliceridine Treatment Protocol. Oliceridine cohort pa-
tients were treated with intravenous (IV) oliceridine via
clinician-administered bolus dosing and/or patient-con-
trolled analgesia (PCA) (Figure 1). For IV bolus dosing, a
loading dose of 1 to 2mg was administered, and a sup-
plemental dose of 1mg was given within 15 minutes if
needed. In settings where rapid analgesia was required (e.g.,
emergency departments, PACU), loading doses of 1 to 3mg
were administered and supplemental doses of 1 to 3mg
every 5 minutes PRN were allowed. Subsequent doses of
1mg to 3mg every 1 to 3 hours were administered as needed
(PRN). For PCA, a loading dose of 1.5mg and demand dose
of 0.5mg were administered using a 6-minute lockout in-
terval. If clinically indicated, 1mg supplemental doses were
allowed PRN throughout the remainder of the treatment
period. Treatment duration for each patient was determined
by the clinical need for parenteral opioid therapy.

Patients could have received IV oliceridine as a part of a
multimodal analgesia protocol in place at the investigational
site, which may have included the use of NSAIDs, gluco-
corticoids, gabapentin, or pregabalin. Per protocol, con-
comitant use of other conventional opioids along with
oliceridine IV was not permitted; however, patients could
receive other IV or oral opioids after the administration of
the last dose of oliceridine. Opioids received after the last
dose of oliceridine included hydromorphone, hydrocodone
(with or without acetaminophen), and oxycodone (with or
without acetaminophen).

2.5. CO Cohort Patient Population. Patients eligible for in-
clusion in the CO cohort were of age 18 years or older at the
time of surgical procedure, with an ASA physical status less
than 4 and had a duration of admission to the hospital for at
least 48 hours following their surgery. Eligible patients also

should have received one or more doses of IV morphine
(minimum dose of 20mg morphine equivalent [MME] per
day) for the management of postoperative pain during the
inpatient hospital stay, including time spent in the PACU.
Finally, patients having a diagnosis of substance abuse,
opioid dependence, or opioid tolerance at the time of surgery
were excluded.

Using the inverse probability weighting (IPW) approach
(discussed below), patients in the CO cohort were balanced
with those in the oliceridine cohort in several prespecified
characteristics in the multivariable analyses, including age,
sex, site, illness comorbidities, ASA physical status, and type
of surgical procedure. To further assure comparability, the
timeframe for index events was required to overlap with the
enrollment period for ATHENA trial.

2.6. Treatment in the CO Cohort Patient Population. All
patients in the CO cohort could have received IV morphine
as a part of a multimodal analgesia protocol in existence at
their study site. Patients could have received one or more
conventional opioids anytime during the postoperative
period. 'is additional opioid may or may not have been
administered concurrently with the primary opioid, IV
morphine. Other conventional opioids received included
hydromorphone (IV and oral), meperidine, hydrocodone/
acetaminophen, oxycodone, and tramadol.

2.7. Inverse Probability Weighting (IPW) Methodology.
Inverse probability weighting (IPW) was used to address
potential imbalances among covariates between the two
cohorts. 'e IPW approach weights patient observations
based on a propensity score, which is defined as the weighted
probability of a patient belonging to a specific cohort.
Propensity scores were estimated using a multivariable lo-
gistic regression model conditional on the observed baseline
covariates (surgical procedure type, ASA status, age, sex, race
[characterized as white/nonwhite], and body mass index
[BMI]).

By weighting patients using the inverse of propensity
scores (i.e., the probability of treatment), the cohorts then
have improved balance on observable covariates across
treatment groups.

In a subset of the comparative samples (N� 95 pairs), a
direct one-to-one (1 :1) matching approach was possible
using the same observed matching variables as those in the
complete IPW balanced sample. A sensitivity analysis was
performed in this subset of 95 direct-matched pairs of pa-
tients as a confirmatory analysis of the findings in the overall
IPW population analysis.

2.8. Safety Outcomes

2.8.1. Primary Outcome. 'e primary outcome was the
incidence of operationally defined opioid-induced respira-
tory depression (OIRD). Because the method of ascertain-
ment of OIRD differed between the two cohorts, a
prespecified, comprehensive operational definition of OIRD
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was applied to each cohort in order to create a comparable
set of terms for this event in each group.

For the oliceridine cohort, OIRD events were pre-
specified, as defined in the original protocol, for all patients
based on verbatim clinical terms coded using adverse event
methodology defined in MedDRA reporting terminology
(MedDRA, version 19.0). MedDRA coded terms included
terms for hypoventilation, hypoxia, respiratory depression,
and respiratory failure categories and contained over 100
possible MedDRA-coded terms in the analysis.

For the CO cohort, ICD-9 and ICD-10 codes were
obtained as recorded in each patient’s chart and entered into
their accompanying Electronic Medical Record (EMR). At
least 29 possible codes were examined, including abnormal,
diminished, or shallow breath sounds, oxygen desaturation
and/or hypoxia, dyspnea, respiratory failure, respiratory
insufficiency, respiratory compromise, and other respiratory
terms (Supplemental Table 2).

2.8.2. Secondary Outcomes. 'e secondary outcomes were
(a) a between-group comparison of the incidence of OIRD
events among a subset of high-risk patients, defined as
patients with a comorbid medical diagnosis of chronic
obstructive pulmonary disease, obesity, renal impairment, or
sleep apnea, or who were elderly (age≥ 65 years at the time of
treatment).

2.9. Statistical Analysis. A sample size target of 250 patients
within each cohort was selected based on a projected re-
spiratory depression probability of 14.5% for the CO cohort
vs. 7.25% for the oliceridine group.'e projected event rates
were calculated using data from the phase 2b and phase 3
clinical trials with oliceridine [15, 17, 18]. 'is sample size
calculation also incorporated an 80% power, an alpha of 0.05
(one-sided), and a missing data rate of 10%.

Descriptive statistics of baseline variables are provided.
Continuous variables were described by mean, median,
interquartile range (IQR), standard deviation (SD), mini-
mum, and maximum. Categorical variables were described
by frequency and percentages (n, %).

Statistical comparisons between the oliceridine and CO
cohorts were made with t-tests or chi-square tests. In-
complete/missing data were not imputed, except for partially
missing dates. All analyses were performed using SAS v9.4
(SAS Institute Inc., Cary, NC, USA).

3. Results

A final population of 225 patients in the CO cohort and 213
patients in the oliceridine cohort met the eligibility criteria
and were included in the analyses (Figure 2). 'ere were no
significant differences in racial distribution, mean BMI, BMI
categories of <30 kg/m2 and ≥30 kg/m2, or proportion of
patients considered as high-risk between the 2 cohorts
(Table 1). Patients were of mean age 62.6± 12.3 years in the
CO cohort and 60.1± 13.8 years in oliceridine cohort,
P � 0.04. 'e proportion of elderly patients (age≥ 65 years)
was higher in the oliceridine cohort (51.6%, n= 110, vs.

41.3%, n= 93; P � 0.04). In the oliceridine cohort, 38%
(n= 81) had ASA physical status 3, while, in the CO cohort,
71.6% (n= 161) of patients had an ASA physical status 3
(P< 0.001). 'e use of opioids in the 12 months prior to the
current hospitalization was unknown in 45% of patients in
the oliceridine cohort (vs. 4.0% in the CO cohort); however,
based on the information available, prior opioid use was
significantly higher in the CO cohort vs. oliceridine cohort
(14.1%, n= 30, for oliceridine cohort vs. 35.1%, n= 79, in the
CO cohort; P< 0.0001). 'ere was a significantly higher
proportion of patients undergoing colorectal surgery en-
rolled in the oliceridine cohort (46.0%, n= 98, for oliceridine
cohort vs. 33.3%, n= 75, for CO cohort; P � 0.01). Among
patients undergoing orthopedic surgery, 36.6% (n= 78) were
enrolled in the oliceridine cohort vs. 53.3% (n= 120) in the
CO cohort (P � 0.0006). Overall, 80.1% (n= 351) of patients
were described as meeting the “higher risk” criteria, with
obese (50.7%, n= 222) and elderly (46.4%, n= 203) sub-
populations being the most common. Distributions of pa-
tients with high risk were similar across the individual
cohorts except for elderly (as reported above).

3.1. Exposure toOliceridine andConventionalOpioids. In the
ATHENA trial protocol, concomitant use of opioids was not
permitted among patients treated with IV oliceridine except
after termination of treatment with oliceridine. In contrast,
91.6% (n� 206) of patients in the CO cohort received opioids
concomitantly or after treatment with IV morphine, with
hydromorphone as the most commonly used opioid among
26.7% (n� 82) of patients. In the oliceridine cohort, 32.8%
(n� 170) of patients received oral opioids after the last dose
of oliceridine. 'e mean (SD) cumulative dose of IV oli-
ceridine was 51.4 (38.1) mg [median dose: 42.5mg] in the
oliceridine cohort and that of IV morphine with other
conventional opioids was 112.1 (99.4) mg [median dose:
79.2mg] in the CO cohort (Table 2).

3.2. Primary Outcome. With the IPW method adjusting the
imbalances on the covariates at baseline, patients treated
with IV oliceridine had 86% lower odds (odds ratio [OR]
= 0.139, 95% confidence interval [CI] [0.09–0.22],
P< 0.0001) of experiencing a respiratory depression event
during the postoperative hospitalization. Similar results
were observed in the direct-matched cohort sensitivity
analysis (OR 0.160; 95% CI [0.08–0.34], P< 0.0001)
(Figure 3).

3.3. Secondary Outcomes. Among the subset of high-risk
patients (with any of the following: COPD, obesity, renal
impairment, sleep apnea, or elderly), the incidence of OIRD
was lower among patients in the oliceridine cohort com-
pared to patients treated with conventional opioids in the
CO cohort (9.1% vs. 34.7%), with an adjusted OR of 0.136
(95% CI [0.09–0.22]; P< 0.0001) (Figure 4).

4. Discussion

'is retrospective case-control study evaluated the safety
outcomes of oliceridine compared with conventional
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Patients in overall sampling frame
N = 516 

Potential eligible patients 
identified in CO cohort (N = 277)

Potential eligible patients identified 
in the oliceridine cohort (N = 239)

Patients 
enrolled

(N = 225)

Patient’s not meeting 
eligibility (N = 52)

Reasons for ineligibility:
(i) Hospital stay < 48h (n = 1)

(ii) Patients not receiving IV 
morphine ≥ 20mg (n = 25)

(iii) Diagnosis of substance abuse,
opioid dependence, or opioid 
tolerance at the time of surgery 
(n = 4)

(iv) One site unable to complete 
data entry for CO cohort 
(n = 22)

Patients 
enrolled

(N = 213)

Patient’s not meeting 
eligibility (N = 26)

Reasons for ineligibility:
(i) Hospital stay < 48h (n = 26)

Figure 2: Patient disposition.

Table 1: Demographic and baseline characteristics.

Characteristic Oliceridine cohort (n� 213) CO cohort (n� 225) P value∗∗

Female gender 125 (58.7) 112 (49.8) 0.076
Age, years, mean (SD) 62.6 (12.3) 60.1 (13.8) 0.039
<65 years 103 (48.4) 132 (58.7) 0.039
≥65 years 110 (51.6) 93 (41.3) 0.039

Race
White 159 (74.7) 181 (80.4) 0.180
Black/African American 47 (22.1) 37 (16.4) 0.170
Other 4 (1.9) 2 (0.9) 0.632
Unknown 3 (1.4) 5 (2.2)

ASA status
1 11 (5.2) 7 (3.1) 0.400
2 121 (56.8) 57 (25.3) <0.0001
3 81 (38.0) 161 (71.6) <0.0001

BMI∗, kg/m2, mean (SD) 31.2 (7.9) 31.5 (7.8) 0.689
<30 kg/m2 106 (49.8) 107 (47.6) 0.817
≥30 kg/m2 107 (50.2) 115 (51.1) 0.817

Surgery type
Bariatric 2 (0.9) 0 (0) 0.455
Colorectal 98 (46.0) 75 (33.3) 0.009
General 35 (16.4) 30 (13.3) 0.437
Orthopedic 78 (36.6) 120 (53.3) 0.0006

CORES (%) 175 (82.2) 176 (78.2) 0.362
COPD 38 (17.8) 42 (18.7) 0.920
Obesity 107 (50.2) 115 (51.1) 0.930
Renal impairment 10 (4.7) 5 (2.2) 0.246
Elderly 110 (51.6) 93 (41.3) 0.039
Sleep apnea 41 (19.3) 36 (16.0) 0.443

Opioid use 12 months prior to hospitalization 30 (14.1) 79 (35.1) <0.0001
Information unknown 96 (45.1) 9 (4.0)

∗3 patients had missing BMI and excluded from the model; COPD� chronic obstructive pulmonary disease. Data are presented as n (%), except where
specified. ∗∗P values were computed from t-test for age and BMI and from chi-square test for gender, age categories, race, ASA status, BMI categories, surgical
type, and CORES status.
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opioids (IV morphine alone or in combination with other
opioids in 92% of the patients) on key opioid-induced ad-
verse events. Several steps were taken to select the com-
parison population for this analysis. First, we limited the
comparison population to individuals who were treated with
IV morphine either alone or in combination with other
opioids (excluding the use of oliceridine) for similar clinical
indications at a subset of the sites participating in the
ATHENA trial. Second, subjects were identified by chart
review during the same interval of time that ATHENA
recruitment had occurred. Finally, we used an inverse
probability weighting propensity score methodology to

achieve an appropriate balance of the two study cohorts for
the analysis of outcomes.

Findings from the IPW method show that patients
treated with IV oliceridine were less likely to experience
OIRD compared to CO cohort (IV morphine alone or in
combination with other opioids) (8.0% vs. 30.7% in the CO
cohort, OR 0.139, P< 0.0001). Although the baseline
characteristics differed in the two cohorts, the results were
consistent when using a direct-matching approach, where
the 2 cohorts were matched 1 :1 for baseline varia-
bles—surgical procedure, ASA physical status, age, sex, race,
and BMI. In addition, the findings were also observed in a

Table 2: Cumulative dose of oliceridine and conventional opioids.

Cumulative dosing Oliceridine cohort CO cohort∗

All patients
N 213 225

Dose, mg, mean (SD) 51.4 (38.1) 112.1 (99.4)
Dose, mg, median 42.5 79.2

Patients experiencing respiratory depression
n (%) 17 (8.0) 69 (30.7)

Dose, mg, mean (SD) 40.7 (26.6) 96.5 (69.0)
Dose, mg, median 35 74

∗∗Cumulative dosage for morphine + hydromorphone + hydrocodone +meperidine + oxycodone + tramadol in MME (patients may have one or more of
these treatments).

8.0
11.6

30.7

45.3

Overall
N = 438

Matched cohort
N = 190

Oliceridine cohort
CO cohort

Po
pu

la
tio

n 
(%

)

IPW-weighted
odds ratio = 0.139, P < 0.0001

Matched odds ratio = 0.16,
P < 0.0001

N = 213 N = 95N = 225 N = 95
0
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20
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Figure 3: Incidence of opioid-induced respiratory depression (primary outcome). Using the Inverse probability weighting (IPW) approach
patients in the CO cohort were balanced with those in the oliceridine cohort in several prespecified characteristics, including age, sex, site,
illness comorbidities, American Society of Anesthesiologists (ASA) status, and type of surgical procedure. 'e IPW approach weights
patient observations based on a propensity score, which is defined as the weighted probability of a patient belonging to a specific cohort.
Propensity scores were estimated using a multivariate logistic regression model conditional on the observed baseline covariates (surgical
procedure type, ASA status, age, sex, race [characterized as white/nonwhite], and BMI). Matched cohort consisted of 95 subjects in either
cohort with a direct one-to-one (1 :1) matching approach on the same observed matching variables used in the complete IPW balanced
sample. For the oliceridine cohort, OIRD events were prespecified, as defined in the original study protocol for all patients based on verbatim
clinical terms coded using adverse event methodology defined in MedDRA reporting terminology (MedDRA, version 19.0). For the CO
cohort, ICD-9 and ICD-10 codes were obtained as recorded in each patient’s chart review and entered into their accompanying Electronic
Medical Record (EMR). A total of 206 patients (91.6%) in the CO cohort received other opioids concomitantly or after treatment with IV
morphine. Incidence of respiratory events was significantly lower in the oliceridine cohort.
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subgroup of patients considered high-risk (patients who
were obese or elderly, or with medical comorbidities of
chronic pulmonary disease or renal impairment or sleep
apnea).

Based on early clinical findings, the approximate dose
equivalency of oliceridine versus morphine after the initial
dose is 1mg oliceridine: 5mg morphine (data on file).
However, the dose equivalency of oliceridine to morphine
after cumulative dosing has not been established. In this
study, the median cumulative dose was 43mg IV oliceridine
in the oliceridine cohort and 79mg IVmorphine equivalents
in the CO cohort. In addition, in patients experiencing an
event of respiratory depression, the median cumulative dose
of IV oliceridine was 35mg and the dose of IV morphine
with concomitant opioids was 74 MME in the CO cohort.
Previous meta-analyses on the risk factors for OIRD in
surgical patients have reported morphine equivalent daily
dose of 24.7± 14 (mean± SD) mg in patients experiencing
OIRD [20]. A prior investigation found that total opioid
dose at 72 hours predicts risk of postoperative sleep-dis-
ordered breathing and the opioid median cumulative dose
reported at 72 hours was 55mg IV morphine-equivalent
dose [21]. In our study, the median cumulative dose of IV
conventional opioids in patients experiencing OIRD was 74
MME. It was difficult to obtain the cumulative dose by day,
as the data available in the medical record was usually
recorded as “start date” of treatment and “end date” of
treatment. Nevertheless, the dose of conventional opioids in
our study associated with a respiratory event was higher than
those reported in the literature. However, it is important to
note that opioid dose alone does not determine the risk.
Indeed, during IV PCA use, rapid-dose escalations and
patient-specific variables, such as older age and type of
surgery, can also influence the risk of OIRD [20, 22].

'e findings on the lower rates of OIRD in the olicer-
idine cohort compared to CO cohort using IV morphine
alone or combined with conventional opioids are consistent
with those observed in randomized clinical phase 3 trials of
patients following a bunionectomy or abdominoplasty

procedure, where a reduced rate of respiratory events was
reported with IV oliceridine compared with morphine
[17, 18].

In this retrospective analysis, respiratory depression
using MedDRA events was recorded in the oliceridine co-
hort while ICD-9/ICD-10 codes were used to report the
events of respiratory depression in the CO cohort. 'e rates
of respiratory depression events seen with IV morphine
alone or combined with conventional opioids (30.7% in the
overall patients; 45.3% in the direct-matched group) in our
study are similar to those reported by Shafi et al. [1] and the
PRODIGY trial [23]. In their retrospective analysis, con-
ducted from a large healthcare system including 21 acute
care hospitals and 135,379 patients undergoing surgical and
endoscopic procedures and receiving opioids, Shafi et al.
used ICD-9 codes to define ORAEs, including respiratory
events, and reported an incidence as high as 49% [1].
Likewise, in the PRODIGY trial, an international, pro-
spective observational study, respiratory depression events
[defined as etCO2≤15 or≥ 60mm Hg for≥ 3mins, RR≤ 5
breaths for≥ 3mins, SpO2≤ 85% for≥ 3mins,
apnea> 30 sec] were reported in 46% of patients [23]. In the
current study, the rates of OIRD reported for the oliceridine
cohort (8.0% in the overall group and 11.6% in the matched
group) are similar to the incidence of respiratory safety
events reported in phase 3 randomized clinical trials with
oliceridine [17, 18].

In our study, the high-risk subgroup included patients
who were obese or elderly, or with medical comorbidities of
chronic pulmonary disease, renal impairment, or sleep
apnea. All these factors are considered as significant risk
factors for postoperative OIRD [24, 25]. In patients with
these underlying risk factors, it is recommended to carefully
titrate the dose of opioids, in addition to careful monitoring
[24]. Our findings that the high-risk subgroup patients are
less likely to experience OIRD with oliceridine compared to
IV morphine alone or combined with conventional opioids
are encouraging.

4.1. Limitations. 'ere are several notable limitations to this
report, including the retrospective design as well as reliance
on the healthcare professional (physician/nurse) docu-
mentation of all data in the Electronic Medical Records
(EMR). 'e EMR did not document precisely as to whether
other opioids were administered concomitantly or se-
quentially leading to a potential bias on estimating the risk of
OIRD resulting from the concomitant use of opioids in the
CO cohort. Likewise, due to incomplete documentation, the
influence of anesthetics used during surgery on the inci-
dence of respiratory depression could not be evaluated. An
important limitation was the inability to standardize the
operational definition of OIRD between the two cohorts
which may have resulted in a difference in case ascertain-
ment between the groups. 'ere was also inadequate in-
formation on the use of opioids in the previous year prior to
hospitalization, including acute or chronic use, particularly
for patients in the oliceridine cohort. 'is is a limitation as
chronic use of opioids can further confound the results [26].
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Figure 4: Incidence of opioid-induced respiratory depression in
high-risk subgroup (secondary outcome). High-risk patients were
defined as patients who were obese, or with a comorbid medical
diagnosis of chronic obstructive pulmonary disease, renal im-
pairment, or sleep apnea, or who were elderly (age≥ 65 years at the
time of treatment). Incidence of respiratory events was significantly
lower in the oliceridine cohort in the high-risk subgroup.
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5. Conclusions

In this retrospective chart review study, patients receiving
oliceridine for the management of their acute moderate to
severe pain were observed to experience a lower incidence of
treatment associated OIRD compared to a population of
patients who had received IV morphine either alone or with
concomitant administration of other opioids. 'ese findings
were also observed among a high-risk population of patients
who were elderly and had significant medical comorbidities
complicating their clinical condition.

Overall, the findings are consistent with the underlying
pharmacologic profile of oliceridine and suggest that this
compound may provide a potentially important new option
for patients with postoperative pain where the use of an IV
opioid medication is warranted. Additional prospective
studies are needed to more fully evaluate the potential
improvements in respiratory safety observed here.
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