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ABSTRACT

Introduction: Advanced age and obesity are
reported to increase the risk of opioid-induced
respiratory depression (OIRD). Oliceridine, an

intravenous opioid, is a G-protein-biased ago-
nist at the l-opioid receptor that may provide
improved safety. The recent phase 3 ATHENA
open-label, multicenter study evaluated post-
operative use of oliceridine in patients with
moderate-to-severe acute pain. This exploratory
analysis of the ATHENA data examined the
incidence of OIRD in older (C 65 years) and/or
obese (BMI C 30 kg/m2) patients and analyzed
risk factors of OIRD.
Methods: Patients aged C 18 years with a
score C 4 on an 11-point numeric pain rating
scale (NPRS) received IV oliceridine as needed
via bolus dosing and/or patient-controlled
analgesia (PCA). OIRD occurring within 48 h of
last dose of oliceridine was defined using two
established definitions: (1) naloxone use, (2)
respiratory rate\ 10 breaths per minute and/or
oxygen saturation\90%.
Results: A total of 724 surgical patients with a
mean age of 54.5 ± 15.9 years and a mean NRS
score of 6.2 ± 2.1 were included in this analysis;
33.3% (241/724) were C 65 years of age and
46.3% (335/724) had BMI (body mass
index) C 30 kg/m2. The overall OIRD incidence
was 13.7% with no patients requiring naloxone.
The OIRD incidence was similar in the elderly
and younger adults’ cohorts [10.8 vs. 15.1%, OR
0.68 (0.42, 1.1), p = 0.11], and in obese and
non-obese groups [14.0 vs. 13.4%, OR 1.06
(0.69, 1.62), p = 0.80]. In patients that were
both elderly and obese (n = 120), the incidence
was 10.8%. The multivariate analysis identified
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baseline NRS C 6 [OR 1.6 (1.0, 2.4), p = 0.0499],
PCA administration [OR 1.9 (1.2, 3.1),
p = 0.005], and concomitant use of benzodi-
azepines and/or gabapentinoids [OR 1.6 (1.0,
2.6), p = 0.045], as being associated with OIRD.
Conclusions: Postoperative oliceridine use in
patients with advanced age and/or increased
BMI was not associated with increased risk of
OIRD.

Keywords: Analgesia; Biased opioid;
Oliceridine; Postoperative pain; Respiratory
depression

Key Summary Points

Why carry out this study?

Advanced age and obesity are known risk
factors for the development of opioid-
induced respiratory depression (OIRD).

In this exploratory retrospective analysis
from the open-label ATHENA study, we
tested the hypothesis that the use of
oliceridine, a selective G-protein l
agonist, in at-risk surgical populations,
defined as (1) elderly (C 65 years), (2)
obese (BMI C 30 kg/m2), and, (3) elderly
and obese patients was not associated
with increased incidence of OIRD.

What was learned from the study?

Postoperative oliceridine use in patients
with advanced age, increased BMI, or in
elderly with increased BMI was not
associated with increased risk of OIRD.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13469484.

INTRODUCTION

Optimal analgesic management, an essential
component of postoperative care, has been
reported to reduce postoperative complications,
as well as improve recovery and patient satis-
faction [1, 2]. Pain management with conven-
tional opioids, representing the principal
component of most pain management plans,
can, however, be challenging due to dose-lim-
iting opioid-related adverse events [3]. In par-
ticular, opioid-induced respiratory depression
(OIRD), a potentially fatal complication in the
acute setting, represents a major limitation to
the effective use of opioids [4–6]. The reported
incidence of OIRD varies depending on the
study design and definitions used, ranging from
0.04 to 0.5% when the administration of
naloxone is used to define OIRD, to as high as
23–41% when assessed by bradypnea or
hypoxemia [7–9]. Patients considered to be at
high risk for the development of OIRD include
the elderly, patients with a high body mass
index (BMI), patients with increased comor-
bidity burden, and those receiving concomitant
sedatives [8, 10, 11]. However, data in these
populations are limited to observations from
case reports and observational studies as typi-
cally they are excluded from controlled clinical
trials [12, 13].

To minimize the use of opioids, a joint task
force of the American Pain Society and Ameri-
can Academy of Pain Medicine put forth
guidelines focusing on the judicious use of
opioids by introducing multimodal analgesia
[2, 14]. In recent years, with the introduction of
enhanced recovery after surgery (ERAS) proto-
cols, a variety of multimodal analgesic path-
ways based on opioid-free analgesia in the
postoperative period have been developed
[15, 16]. However, the use of nonopioid multi-
modal analgesics used in ERAS pathways has
not consistently shown a benefit for the rele-
vant reduction of pain or opioid use [16, 17].
Indeed, the Center of Disease Control and
Prevention suggests that in acute postsurgical
pain, the benefits of a limited course of opioids
may outweigh the risks if pain management is
inadequate with nonopioid therapies [18].
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Given the aging surgical population [19], the
increasing prevalence of obesity influencing
surgical outcomes [20], combined with a lack of
proven multimodal nonopioid analgesic path-
ways, there is a real and urgent clinical need for
opioids with an improved safety profile in high-
risk patient populations.

Conventional opioids that bind to the l-
opioid receptor activate two distinct pathways:
G-protein, resulting in analgesic effect, and b-
arrestin, associated with opioid-related adverse
events, including OIRD [21–24]. Selective (bi-
ased) opioid-receptor agonists may offer a better
safety profile while providing adequate analge-
sia. Oliceridine (TRV130; Trevena Inc.,
Chesterbrook, PA, USA) represents a new first-
in-class intravenous (IV) l-opioid receptor ago-
nist that is G-protein-biased, with substantially
reduced recruitment of the b-arrestin pathway
[24–27]. The recent phase 3, open-label, single-
arm, multicenter trial (ATHENA,
NCT02656875) in patients undergoing a wide
range of surgeries (‘‘real-world setting’’) pro-
vided support that postoperative IV oliceridine
administered alone or as a component of mul-
timodal analgesia is generally safe and well-
tolerated in patients experiencing moderate-to-
severe acute pain [28].

The purpose of the current analysis was to
examine the incidence of OIRD among elderly
(C 65 years) and/or obese (BMI C 30 kg/m2)
surgical subjects in the ATHENA trial. We
hypothesized that the use of oliceridine in at-
risk surgical populations, defined as (1) elderly
(C 65 years), (2) obese (BMI C 30 kg/m2), and,
(3) elderly and obese patients, was not associ-
ated with an increased incidence of OIRD. A
second objective was to examine the association
between other known risk factors and the
occurrence of OIRD.

METHODS

The ATHENA trial was an open-label trial con-
ducted in compliance with the protocol and
regulatory requirements consistent with the
International Council on Harmonization Good
Clinical Practice Guidelines and the ethical
principles of Declaration of Helsinki [28]. The

trial protocol was approved by the institutional
review board at each investigational site and all
patients provided written informed consent
before any study procedures were performed
[28].

The study design and the results for the
ATHENA trial have been reported in detail
elsewhere [28]. Briefly, the ATHENA study
enrolled patients 18 years of age or older,
experiencing moderate-to-severe acute pain
following surgery or with a painful non-surgical
medical condition, defined as C 4 on an
11-point numeric rating scale (NRS), [ranging
from 0 = no pain to 10 = worst pain] 30 min
prior to receiving the first dose of oliceridine.
Subjects were treated with IV oliceridine via
clinician-administered bolus dosing and/or
patient-controlled analgesia (PCA) (Supplement
Figure 1).

For IV bolus dosing, a loading dose of 1 to
2 mg was administered, and a supplemental
dose of 1 mg was given within 15 min if needed.
Subsequent doses of 1 to 3 mg were adminis-
tered every 1 to 3 h on as needed basis (PRN). In
patients requiring rapid analgesia, loading doses
of 1 to 3 mg were administered and supple-
mental doses of 1 to 3 mg every 5 min PRN were
allowed. Subsequent doses of 1 mg to 3 mg
every 1 to 3 h were used if clinically indicated.
For PCA dosing, a loading dose of 1.5 mg and
demand dose of 0.5 mg were administered using
a 6-min lockout interval. If clinically indicated,
1 mg 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. The duration of oliceridine
treatment was limited to 14 days. Oliceridine
was administered as part of multimodal anal-
gesia in patients undergoing surgery with no
restrictions on prior use of opioids and/or non-
opioid analgesics. However, concomitant use of
parenteral and/or oral opioids during treatment
with oliceridine was not allowed.
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Respiratory Safety

Respiratory rate (RR) and oxygen saturation
(SpO2) were recorded during the dosing period
consistent with individual patient need and
based on institutional requirements.

For this exploratory analysis, two definitions
of OIRD, as commonly found in the published
literature, were considered: (a) naloxone use
and (b) RR\10 bpm and/or SpO2\ 90%
within 48 h of last dose of oliceridine [10].
However, since we have previously published
that no patients in the ATHENA open-label trial
required naloxone for reversal of OIRD during
treatment with oliceridine [29], this exploratory
analysis only included RR\10 bpm and/or
SpO2\ 90% within 48 h of last dose of
oliceridine.

Analgesic Effectiveness

Analgesic effectiveness was assessed as the
change from baseline in the 11-point NRS pain
scale. NRS pain scores were evaluated within
30 min before administration of the first dose of
oliceridine and 30 min (± 10 min) after
administration of the first dose.

Statistical Analysis

For all the analyses performed, missing values
for risk factors were not imputed. Descriptive
statistics are displayed for the risk factors along
with exposure and OIRD rates. In order to
address concerns of multiplicity and limitations
for being an open-label study, statistical testing
was only performed in the demographics/base-
line characteristics for age and BMI as well as in
the logistic regression models. A t test was uti-
lized to compare demographic/baseline charac-
teristic variables of age and BMI between the
different groups.

A multivariate logistic regression model was
utilized to examine the association between
potential risk factors (explanatory parameters)
and the occurrence of OIRD. These factors
included medical comorbidities; type of surgery;
concomitant use of sedatives (benzodiazepines
and/or gabapentinoids); cumulative dose and

total duration of oliceridine use, as well as route
of delivery of oliceridine (PCA vs. IV bolus).
Baseline medical comorbidity data were
explored for the conditions reported to influ-
ence OIRD incidence rates [10]. The concomi-
tant sedatives reported to be associated with
increased incidence of OIRD [10] included
gabapentinoids (gabapentin, pregabalin) and
benzodiazepines (alprazolam, clonazepam, dia-
zepam, lorazepam, midazolam, midazolam
hydrochloride, temazepam, zolpidem, and
zolpidem tartrate). Since the concomitant
administration of other opioids was not allowed
per the ATHENA trial protocol, opioids were not
included in the analysis. Patients who received
oliceridine via bolus dosing only were included
in the bolus method of administration of oli-
ceridine and those who received at least one
dose via a PCA device were included in the PCA
method of administration of oliceridine.

A backward elimination (or backward dele-
tion) process was used in the regression model
where all risk factors were included in the
model and the variable that contributes the
least to the regression model was eliminated if
the factor was above the specified stay criterion
of p = 0.1. AWald Chi-square p value along with
the 95% confidence interval for the odds ratio is
reported for the final multivariate model. The
statistical model did not include additional
interaction terms to study interactions between
surgical types with PCA dosing and baseline
pain score to avoid quasi-complete conversion
or non-convergence of the model. SAS 9.4 was
utilized for this analysis. Normality was not
statistically tested given the sample size and
equal variance was assumed.

RESULTS

Subjects who underwent a surgical procedure in
the ATHENA trial and required postoperative
oliceridine administration for moderate-to-sev-
ere acute pain (n = 724) were included in this
analysis. In these 724 subjects, the mean ± SD
age was 54.5 ± 15.9 years and mean ± SD pain
score was 6.2 ± 2.1 (NRS); 33.3% (241/724)
were C 65 years of age and 46.3% (335/724) had
a BMI of C 30 kg/m2. Most patients were female
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(64.9%, 420/724) and 79.6% (575/722) were
Caucasian. The most common surgical proce-
dures were orthopedic (231/724, 31.9%), col-
orectal (115/724, 15.9%), and gynecologic (115/
724, 15.9%) procedures [28]. The mean ± SD
baseline pain score for these surgical types were:
6.0 ± 2.1 for orthopedic surgery, 6.0 ± 2.4 for
colorectal surgery, and 6.0 ± 2.1 for gyneco-
logical procedures.

Patient Demographics and Clinical
Characteristics of the Surgical Population

Elderly (C 65 years) and younger (\65 years)
patients: As shown in Table 1, the mean ± SD
age in the elderly group was 71.4 ± 5.1 years vs.
46.2 ± 12.5 years in the younger adults’ group.
The BMI was 30.6 ± 6.4 kg/m2 in the elderly
and 30.5 ± 7.8 kg/m2 in younger adults. The
baseline NRS pain score was 6.0 ± 2.1 and
6.3 ± 2.2, in the elderly and younger adults,
respectively. Most patients enrolled were

Table 1 Patient demographics and clinical characteristics by age and BMI in patients undergoing broad range of surgical
procedures

Characteristic Age < 65 years Age ‡ 65 years p value BMI < 30 kg/
m2

BMI ‡ 30 kg/
m2

p value Age ‡ 65 years
with
BMI ‡ 30 kg/
m2

N 483 241 389 335 120

Female, n (%) 334 (69.2) 136 (56.4) 253 (65.0) 217 (64.8) 72 (60.0)

Age (years),

mean ± SD

46.2 ± 2.5 71.4 ± 5.1 53.1 ± 17.4 56.2 ± 13.8 0.008 70.3 ± 4.5

\ 65, n (%) – – 268 (68.9) 215 (64.2) 0.180 –

C 65, n (%) – – 121 (31.1) 120 (35.8) –

Raceb, n (%)

White 370 (76.6) 205 (85.8) 305 (78.8) 270 (80.6) 101 (84.2)

African

American

90 (18.6) 26 (10.9) 64 (16.5) 52 (15.5) 15 (12.5)

Other 23 (4.8) 8 (3.4) 18 (4.7) 13 (3.9) 4 (3.3)

BMI (kg/m2),

mean ± SD

30.5 ± 7.8 30.6 ± 6.4 0.875 25.3 ± 3.3 36.7 ± 5.8 35.6 ± 4.8

\ 30, n (%) 268 (55.5) 121 (50.2) 0.180 – – –

C 30, n (%) 215 (44.5) 120 (49.8) – – –

Baseline NRS

pain scorea,

mean ± SD

6.3 ± 2.2 6.0 ± 2.1 6.2 ± 2.0 6.3 ± 2.2 6.0 ± 2.1

p values represent comparison of the characteristics listed in column 1 between elderly vs. nonelderly; and between obese and
non-obese
a Patients’ self-rated pain on an 11-point NRS: 0 = no pain to 10 = worst pain imaginable
b Missing information in 2 patients
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Caucasians in both groups (85.8% in the elderly
and 76.6% in younger adults). The prevalence
of medical comorbidities that are known to be
associated with increased risk of OIRD [10] in
the elderly and younger adults, respectively
was: sleep apnea (17.4% and 10.8%); chronic
obstructive pulmonary disease, COPD (10.0%
and 2.5%); cardiac disease (24.1% and 12.8%);
diabetes mellitus (23.2% and 11.4%) and
hypertension (72.2% and 29.8%) (Table 2). The
distribution of obese (49.8%) or non-obese
patients (50.2%) was comparable in the elderly
group. Orthopedic surgery was more prevalent
in the elderly (56.0 vs 19.9% in younger adults),
while gynecological (2.9 vs. 22.4%) and plastic
surgery (0.8 vs. 12.0%), were more common in
the younger adults (Supplement Figure 2a).

Obese (BMI C 30 kg/m2) and non-obese
(BMI\30 kg/m2) patients: The mean ± SD age
was 56.2 ± 13.8 years in the obese group and
53.1 ± 17.4 years in the non-obese group with
no clinically meaningful differences in gender,
race, or baseline NRS pain score between the
two groups (Table 1). The mean BMI in the
obese group was 36.7 ± 5.8 kg/m2 and
25.3 ± 3.3 kg/m2 in the non-obese group. The
prevalence of medical comorbidities known to
increase risk of OIRD [10], in the obese and non-
obese groups, respectively, was: sleep apnea
(20.6% and 6.4%); diabetes mellitus (20.6% and

10.8%); COPD (5.7% and 4.4%), and hyperten-
sion (55.8% and 33.7%) (Table 2). Except for
orthopedic surgery, which was more common
in the obese group (40.0 vs. 24.9% in non-
obese), the distribution of the other surgical
types was comparable between the two groups
(Supplement Figure 2b).

Exposure to Oliceridine

Overall, 52% of individuals received oliceridine
by bolus dosing and 48% by PCA device
(Table 3). The median [range] cumulative dose
of oliceridine was 21.0 [0.9–22.3] mg (IQR
39.5 mg) with a median [range] duration of
exposure of 21.4 [0–142.7] hours (IQR 41.6 h).

Elderly (C 65 years) and younger (\65 years)
patients: PCA use was 68.9% in the elderly
patients and 37.5% in younger adults; bolus
dosing was 31.1% in the elderly and 62.5% in
younger adults. The median [range] dose was
28.0 [1–154.5] mg (IQR 39.0 mg) in the elderly;
17.0 [0.9–223.5] mg (IQR 35.0 mg) in younger
adults and median [range] duration of exposure
was 39.1 [0–138.3] hours (IQR 41.2 h) and 17.4
[0–142.7] hours (IQR 40.8 h) in the elderly and
younger adults, respectively (Table 3).

Obese (BMI C 30 kg/m2) and non-obese
(BMI\30 kg/m2) patients: Oliceridine was

Table 2 Key comorbidities in patients undergoing a broad range of surgical procedures

Comorbidity Age < 65 years Age ‡ 65 years BMI < 30 kg/
m2

BMI ‡ 30 kg/
m2

Age ‡ 65 years with
BMI ‡ 30 kg/m2

N 483 241 389 335 120

COPD 12 (2.5) 24 (10.0) 17 (4.4) 19 (5.7) 14 (11.7)

Sleep apnea 52 (10.8) 42 (17.4) 25 (6.4) 69 (20.6) 29 (24.2)

Cardiac

disease

62 (12.8) 58 (24.1) 62 (15.9) 58 (17.3) 26 (21.7)

Diabetes

mellitus

55 (11.4) 56 (23.2) 42 (10.8) 69 (20.6) 26 (21.7)

Hypertension 144 (29.8) 174 (72.2) 131 (33.7) 187 (55.8) 97 (80.8)

All data presented as n (%), COPD chronic obstructive pulmonary disease
a Key comorbidities included here are those predicted as risk factors for OIRD in the literature. These were collected as
part of the medical history
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administered by PCA in 52.2% in the obese
group and in 44.2% of the non-obese group; IV
bolus administration was used in 47.8 and
55.8% of the obese and non-obese group,
respectively. The median [range] cumulative
dose of oliceridine was 23.0 [1–165.0] mg (IQR
38 mg) in the obese group and 20.0 [0.9–223.5]
mg (IQR 41 mg) in the non-obese. The median
[range] duration of exposure was 22.1 [0–142.7]
hours (IQR 37.45 h) and 20.8 [0–138.3] hours
(IQR 48.4 h), respectively in the obese and non-
obese groups (Table 3).

Effectiveness
Change from baseline in NRS at 30 min was
- 2.1 ± 2.1 in the elderly and - 2.2 ± 2.4 in
the younger group. Likewise, the change from
baseline in NRS at 30 min was - 2.1 ± 2.3 in
the obese and - 2.2 ± 2.3 in the non-obese
patients.

Respiratory Events
Opioid-induced respiratory depression (OIRD):
None of the 724 surgical patients receiving IV
oliceridine after surgery required administration
of naloxone. Surgical patients who met the cri-
teria of RR\10 bpm was: 67/724 (9.3%); and
those who met the criteria of SPO2\ 90% was
38/724 (5.2%). The incidence of OIRD when
using quantitative measures of RR\10 bpm or
SPO2\90% was 13.7% (Fig. 1). No patient dis-
played a RR\ 10 bpm and SpO2\ 90% at the
same time.

OIRD in the elderly (C 65 years) and younger
(\ 65 years) patients: There were no differences
in the incidence of OIRD between the elderly
and younger adults [10.8 vs. 15.1%, OR 0.68
(0.42, 1.1), p = 0.11] (Fig. 1). The incidence of
OIRD displayed an inverted U-shape with an
incidence of 10.3% or less in patients\40 years
of age, 19.4% in patients aged[40–50 years,
16.4% in patients aged[ 50–60 years, 12.3% in

Table 3 Exposure to oliceridine

ALL
surgical
patients

Age < 65 years Age ‡ 65 years BMI < 30 kg/
m2

BMI ‡ 30 kg/
m2

Age ‡ 65 years
with
BMI ‡ 30 kg/
m2

N 724 483 241 389 335 120

Bolus, n (%) 377 (52.0) 302 (62.5) 75 (31.1) 217 (55.8) 160 (47.8) 33 (27.5)

PCA, n (%) 347 (47.9) 181 (37.5) 166 (68.9) 172 (44.2) 175 (52.2) 87 (72.5)

Cumulative dose of oliceridine (mg)

Mean ± SD 31.2 ± 31.3 29.3 ± 32.3 34.8 ± 29.0 30.8 ± 31.7 31.6 ± 31.0 37.1 ± 28.1

Median (min,

max)/

interquartile

range

21.0

(0.9, 22.3)

39.5

17.0

(0.9, 223.5)

35.0

28.0

(1, 154.5)

39.0

20.0

(0.9, 223.5)

41.0

23.0

(1, 165.0)

38.0

34.3

(1, 144.5)

42.5

Duration of exposure (h)

Mean ± SD 30.3 ± 26.8 26.3 ± 26.5 38.2 ± 25.8 30.7 ± 27.5 29.7 ± 26.0 39.8 ± 24.1

Median (min,

max)/

interquartile

range

21.4

(0, 142.7)

41.6

17.4

(0, 142.7)

40.8

39.1

(0, 138.3)

41.2

20.8

(0, 138.3)

48.4

22.1

(0, 142.7)

37.5

39.6

(0, 130.8)

41.9
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patients aged[ 60–70 years and 12.2% in
patients aged[70 years (Fig. 2).

OIRD in the obese (BMI C 30 kg/m2) and non-
obese (BMI\30 kg/m2) patients: The incidence of
OIRD did not differ in the obese and non-obese
groups [14.0 vs. 13.4%, OR 1.06 (0.69, 1.62),
p = 0.80] (Fig. 1). The incidence of OIRD was
10.3% in the morbidly obese subjects
(BMI[40 kg/m2), 13.5% in the group with
BMI\25 kg/m2, 13.4% in patients with BMI
25–30 kg/m2, and 14.9% in the group with BMI
30–40 kg/m2 (Fig. 3).

OIRD in elderly patients (C 65 years) with
BMI C 30 kg/m2 (very high risk group) (n = 120):
The incidence of OIRD in the elderly with
BMI C 30 kg/m2 was 10.8% (Fig. 1).

Demographics and clinical characteristics of
patients with and without OIRD within the age and
BMI categories: As shown in Table 4, in
patients C 65 years with OIRD, the incidence of
COPD was 19.2%, and in patients without

OIRD, the incidence was 8.8%. The rates of
other medical comorbidities (e.g., sleep apnea)
were comparable between OIRD and non-OIRD
patients. The use of concomitant benzodi-
azepines and gabapentinoids was high in both
elderly as well as obese patients experiencing
OIRD (Table 4).

Predictors for OIRD Using Multivariate
Logistic Regression Models
In the multivariate logistic models utilizing the
p = 0.1 staying criterion, baseline pain score C 6
NRS [OR 1.6 (1.0, 2.4) p = 0.0499], oliceridine
administration via PCA, [OR 1.9 (1.2, 3.1),
p = 0.005], and concomitant use of benzodi-
azepine and/or gabapentinoids [OR 1.6 (1.0,
2.6), p = 0.045], were associated with signifi-
cantly increased odds of experiencing OIRD
(Fig. 4). Orthopedic surgery was associated with
a significantly lower odds of experiencing OIRD
[OR 0.53 (0.3, 0.92) p = 0.024]. Of note, among

Fig. 1 Incidence of OIRD through 48 h of cumulative dose exposure. OIRD defined as any of the following: respiratory
rate (RR)\ 10 bpm (including RR\ 8 bpm), oxygen saturation (SpO2)\ 90% (including SPO2\ 85%)
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the 231 patients who underwent orthopedic
surgery, 154 patients (66.7%) received olicer-
idine via PCA administration.

DISCUSSION

We found that oliceridine, a G-protein-biased l-
opioid receptor agonist, did not increase the risk
of OIRD in patients with advanced age
(C 65 years) and/or high BMI (C 30 kg/m2)
when administered for postoperative pain.
Overall, 13.7% of all 724 subjects experienced
OIRD defined by a respiratory rate\10 bpm or
oxygen saturation\90%, with none requiring
naloxone for reversal of OIRD [29]. Clinical
effectiveness was comparable in the different
age and BMI categories, with oliceridine use
being associated with a rapid onset and a potent
analgesic effect of a two-point reduction in the
pain score within 30 min.

Advanced age and obesity (BMI C 30 kg/m2)
are well recognized risk factors for developing
OIRD [8, 10, 30–32], though the pooled esti-
mate in a recently published meta-analysis
failed to find any significant association with
age or BMI with OIRD [9]. Physiological changes
related to aging influencing pharmacokinetics

and pharmacodynamics of drugs, including
decreased clearance, along with a higher
prevalence of comorbidities [33], predispose
elderly individuals to increased sensitivity to
respiratory depression from opioids [10]. In
contrast, obesity is a risk factor for obstructive
sleep apnea with the prevalence of sleep apnea
in obese patients nearly twice that of average-
weight adults [34]. Patients with obstructive
sleep apnea experience an increased sensitivity
to the effects of opioids that may predispose
them to a higher risk of OIRD [8, 35]. A large
meta-analysis of 13 studies, including 11 retro-
spective reviews/case studies and two observa-
tional studies, reported that patients aged
61–70 years had 2.8 times the risk of OIRD (95%
CI 1.2–6.6) compared with patients aged 16–-
45 years [10]. The risk increased with increasing
age; patients aged 71–80 years had 5.4 times the
risk (95% CI 2.4–11.8) and those aged more
than 80 years had 8.7 times the risk (95% CI
3.8–20.0) compared to patients 16–45 years of
age [10]. Although obesity is reported as one of
the risk factors for OIRD in studies or in claims
databases [8, 10, 30, 36], there are no data
available demonstrating the true incidence in
obese individuals compared to non-obese indi-
viduals. In our analysis, the elderly and patients

Fig. 2 Incidence of OIRD by age categories. OIRD defined as any of the following: respiratory rate (RR)\ 10 bpm
(including RR\ 8 bpm), oxygen saturation (SpO2)\ 90% (including SPO2\ 85%)
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with a BMI C 30 kg/m2 had a higher incidence
of comorbidities compared to younger adults,
or individuals with a BMI\ 30 kg/m2, respec-
tively, including sleep apnea, diabetes, and
hypertension. All three comorbid conditions
have been reported to increase the risk of post-
operative OIRD [10]. The lack of an increased
incidence of OIRD with the postoperative use of
oliceridine in older or obese subjects with
increased comorbidity burden relative to
younger or non-obese adults, respectively, with
lower rates of comorbidities, suggests that oli-
ceridine may represent a safer treatment option
in these two high-risk patient populations than
conventional opioids. This was further sup-
ported by the findings of low OIRD incidence
(10.8%) in the elderly patients who were also
obese, a subgroup considered at very high risk
for OIRD. Notably, none of the 29 elderly and
obese patients who also had obstructive sleep
apnea (24.2%) developed OIRD. Finally,
advanced age (C 65 years) or a high BMI
(C 30 kg/m2) was not associated with a signifi-
cant increase in the risk for OIRD in the multi-
variate analysis.

The recently reported failure of multimodal
analgesia to reduce postoperative opioid use
[16, 17] as well as the growing opioid epidemic
[37] further highlight the clinical need for

effective opioids with a safer profile in high-risk
patients. Conventional opioids that bind to the
l-opioid receptor activate two distinct path-
ways, the G-protein and b-arrestin [21]. Pre-
clinical studies suggest that the activation of the
G-protein pathway results in analgesic effect,
while the activation of the b-arrestin pathway
may be associated with opioid-related adverse
events, including OIRD [22–24], though recent
findings suggest a more complex role of the b-
arrestin pathway [38]. Selective (biased) opioid-
receptor agonists may offer a better safety pro-
file while providing adequate analgesia. Olicer-
idine (TRV130; Trevena Inc., Chesterbrook, PA,
USA) represents a new class of IV l-opioid
receptor agonists and nonclinical findings show
that it is G-protein biased, with substantially
reduced recruitment of b-arrestin pathway
[24–27]. Consistent with this G-protein path-
way selectivity, IV oliceridine was found to
provide effective analgesia with improved res-
piratory and gastrointestinal safety profile in
nonclinical studies when compared to mor-
phine [24]. In randomized clinical studies, oli-
ceridine provided rapid analgesia with favorable
respiratory and gastrointestinal tolerability
when used at demand doses of 0.1, 0.35, or
0.5 mg for moderate-to-severe pain following
bunionectomy [39] and abdominoplasty [40].

Fig. 3 Incidence of OIRD by BMI categories. OIRD defined as any of the following: respiratory rate (RR)\ 10 bpm
(including RR\ 8 bpm), oxygen saturation (SpO2)\ 90% (including SPO2\ 85%)
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Table 4 Characteristics of surgical patients experiencing OIRD compared to those with no OIRD among elderly
(age C 65 years) or obese (BMI C 30 kg/m2) patients

Characteristic Age ‡ 65 years BMI ‡ 30 kg/m2 Age ‡ 65 years with
BMI ‡ 30 kg/m2

OIRD
(n = 26)

No OIRD
(n = 215)

OIRD
(n = 47)

No OIRD
(n = 288)

OIRD
(n = 13)

No OIRD
(n = 107)

Female gender, n (%) 14 (53.8) 122 (56.7) 30 (63.8) 187 (64.9) 7 (53.9) 65 (60.8)

Mean age ± SD, years 72.3 ± 5.25 71.1 ± 4.92 55.2 ± 13.0 56.4 ± 13.92 70.1 ± 3.5 70.4 ± 4.6

Median age 72 70 58 58 70 69

Range 65–82 65–89 26–76 19–84 65–76 65–84

Interquartile range 7 7 20 21 4 6

Age group, years, n (%)

\ 65 – – 34 (72.3) 181(62.9)

C 65 26 (100.0) 215

(100.0)

13 (27.7) 107 (37.2)

Mean BMI ± SD, kg/

m2

30.2 ± 6.2 30.7 ± 6.5 36.0 ± 5.7 36.8 ± 5.8 34.4 ± 5.1 35.8 ± 4.7

Median BMI 29.8 29.8 34.4 35.3 33 34.7

Range 16.8–48.3 12.8–58.2 30–56.1 30, 61.6 30–48.3 30–58.2

Interquartile range 6.1 8.7 6.4 6.8 4.1 4.9

BMI group, kg/m2, n (%)

\ 30 13 (50.0) 108 (50.2) – –

C 30 13 (50.0) 107 (49.8) 47 (100.0) 305 (100.0)

Baseline pain score,

mean ± SD

6.4 ± 2.0 5.9 ± 2.1 6.7 ± 2.0 6.2 ± 2.3 6.8 ± 2.0 5.9 ± 2.1

Median baseline pain

Score 7.0 5.0 7.0 5.0 6.0 5.0

Range 4–10 0–10 4–10 0–10 4–10 2–10

Interquartile range 3 4 3 4 3 3

Medical comorbidities associated with higher risk of OIRD

Sleep apnea, n (%) 3 (11.5) 39 (18.1) 7 (14.9) 62 (21.5) 0 29 (27.1)

COPD, n (%) 5 (19.2) 19 (8.8) 5 (10.6) 14 (4.9) 3 (23.1) 11 (10.3)

Cardiac disorders, n (%) 10 (38.5) 48 (22.3) 10 (21.3) 48 (16.7) 4 (30.8) 22 (20.6)

Diabetes mellitus, n (%) 7 (26.9) 49 (22.8) 11 (23.4) 58 (20.1) 4 (30.8) 22 (20.6)

Hypertension, n (%) 20 (76.9) 154 (71.6) 28 (59.6) 159 (55.2) 13 (100.0) 84 (78.5)

Concomitant medications associated with risk of OIRD
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Table 4 continued

Characteristic Age ‡ 65 years BMI ‡ 30 kg/m2 Age ‡ 65 years with
BMI ‡ 30 kg/m2

OIRD
(n = 26)

No OIRD
(n = 215)

OIRD
(n = 47)

No OIRD
(n = 288)

OIRD
(n = 13)

No OIRD
(n = 107)

Benzodiazepinesa, n (%) 10 (38.5) 49 (22.8) 13 (27.7) 69 (24.0) 6 (46.2) 25 (23.4)

Gabapentanoidsb, n (%) 15 (57.7) 60 (27.9) 15 (31.9) 62 (21.5) 9 (69.2) 35 (32.7)

a Includes medications of alprazolam, clonazepam, diazepam, lorazepam, midazolam, midazolam hydrochloride, temaze-
pam, zolpidem, and zolpidem tartrate
b Includes medications of gabapentin or pregabalin

Fig. 4 Risk factors associated with OIRD in the multi-
variate regression model (using backward elimination). A
backward elimination (or backward deletion) process was
used in the regression model, where all predictor variables
were entered into the equation first and the variable that
contributes the least to the regression model was elimi-
nated if they were above the specified stay criterion of

p = 0.1. Concomitant sedatives included in the model
were gabapentinoids (gabapentin, pregabalin) and benzo-
diazepines (alprazolam, clonazepam, diazepam, lorazepam,
midazolam, midazolam hydrochloride, temazepam, zolpi-
dem, and zolpidem tartrate)
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In a utility function analysis, compared with
morphine, oliceridine was found to offer a
higher probability of providing analgesia than
producing respiratory depression, while mor-
phine had a higher probability of producing
respiratory depression than providing analgesia
[41]. Finally, oliceridine pharmacokinetic stud-
ies show no significant differences in the clear-
ance of oliceridine in the older (C 65 years) as
compared to younger patients [42], possibly
contributing to the lack of increased incidence
of OIRD in the elderly.

The multivariate analysis performed in the
current study identified concomitant adminis-
tration of sedatives (benzodiazepines and/or
gabapentinoids), administration via PCA and
baseline pain score C 6 in the NRS scale as sig-
nificantly associated with OIRD. Conversely,
undergoing orthopedic surgery was associated
with * 50% lower odds of experiencing OIRD.
It should be noted, however, that the interac-
tion of surgical type with PCA dosing and
baseline pain score was not studied in the
logistic regression model.

Benzodiazepines are commonly used preop-
eratively due to their amnesic and anxiolytic
effect [43, 44]. Likewise, in the current era of use
of multimodal analgesia in ERAS protocols,
gabapentinoids are commonly used to reduce
postoperative pain and lower opioid consump-
tion [43, 45]. The concomitant administration
of benzodiazepines or gabapentinoids with
opioids can have a synergistic effect thereby
increasing the risk for OIRD [10, 43, 46, 47]. In
the current analysis, concomitant sedative
administration significantly increased the risk
of OIRD [OR 1.6 (1.0, 2.6); p\0.05].

Factors related to dosing and route of
administration have been reported to influence
the risk of OIRD, with higher opioid doses or
use of multiple different opioids reported to be
significantly associated with a higher incidence
of OIRD [9]. In the current analysis, as in prior
studies, administration of oliceridine via PCA
was associated with a significantly increased risk
of OIRD compared to IV bolus administration
(OR 1.9 [95% CI 1.2, 3.1]; p = 0.005). It has been
suggested that use of PCA may lead to a higher
total dose of opioids and thus contribute to the
increased risk [9]. However, in the current

study, the cumulative mean dose of oliceridine
did not influence the risk of OIRD. Our finding
that oliceridine administration via PCA
increased the risk for OIRD, while the cumula-
tive dose of oliceridine did not influence the
risk of OIRD, may be attributed to other con-
founding factors not evaluated in this analysis,
including dosing intervals with clustering of
doses over a shorter period of time. This
mechanism is further supported by the associ-
ation of high baseline pain score with OIRD
that, to the best of our knowledge, has not been
previously reported. The lack of significant
association of cumulative dose and duration of
administration with OIRD while baseline pain
score and method of administration showed
significant association suggest that the pattern
of dosing might be more influential on the rate
of OIRD than total dose and duration. A higher
baseline pain score could have led to an increase
of self-administered doses and therefore rapidly
increase the dose received over a shorter period
of time increasing the risk of OIRD while other
patients with the same total cumulative dose
received drug at a slower rate resulting in our
finding of lack of association of cumulative dose
with OIRD.

There is limited information in the literature
regarding the influence of type of surgery on the
risk of OIRD, with a recent meta-analysis failing
to find an association between type of surgery
and risk of OIRD [9]. The revised Guidelines on
‘‘Monitoring for Opioid-Induced Advancing
Sedation and Respiratory Depression’’ issued by
the American Society for Pain Management
Nursing (ASPMN) identifies the surgical site of
head, neck, chest and upper abdomen as a risk
factor for OIRD [43]. In our analysis, none of the
surgical types was significantly associated with
increased risk of OIRD although patients
undergoing orthopedic surgery had * 50%
lower odds of experiencing OIRD. It is possible
that the higher utilization of regional anesthe-
sia for orthopedic surgeries could have con-
tributed to these findings [43].
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Limitations

The current analysis is retrospective and
exploratory in nature based on the data from
the ATHENA trial. This study was an open-label
study with no control arm, thereby allowing
potential bias in the findings. Since the
ATHENA study did not have any a-priori criteria
for eligibility regarding BMI, advanced age, or
comorbid conditions, the baseline parameters
identified in this analysis were limited to the
available parameters post-enrollment. Being a
retrospective analysis, a power analysis was not
performed to determine whether there were
sufficient numbers within each type of surgery,
dosing administration regimen, comorbid con-
ditions or any of the baseline characteristics to
find an association with OIRD, if present. To
avoid the statistical model to be over-parame-
terized, leading to quasi-complete conversion or
non-convergence of the model, additional
interaction terms were excluded from the
model. Thus, the interaction between surgical
types with PCA dosing and baseline NRS scores
was not studied. In addition, the lack of avail-
ability of all predictive risk parameters did not
allow evaluation of possible additional risk fac-
tors such as renal or hepatic impairment, both
of which have been reported as risk factors for
the development of severe OIRD [9, 48]. Lastly,
the ATHENA study did not use ‘‘The STOP-Bang
questionnaire’’ that screens for the risk of
obstructive sleep apnea (OSA) in the preopera-
tive period.

The strengths of this study include the less
restricted nature of the ATHENA trial with
respect to patient eligibility criteria, treatment
protocol requirements, patient population and
mode of administration; the trial therefore
represents a ‘‘real-world’’ setting. This along
with a large sample size of patients undergoing
a variety of surgeries utilizing both IV bolus or
PCA administration of oliceridine allows for
better generalization of the findings to a broad
surgical population.

CONCLUSIONS

The use of oliceridine for postsurgical analgesia
in patients with advanced age and/or increased
BMI experiencing moderate-to-severe pain was
not associated with increased risk of respiratory
depression. Oliceridine use may be clinically
appropriate for use in obese or elderly patients
at high risk for OIRD. These data should be
confirmed by future trials that evaluate olicer-
idine in comparison with conventional opioids
with the inclusion of prospective indices of
respiratory compromise and continuous respi-
ratory monitoring tools in the postoperative
setting.
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