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ABSTRACT

Introduction: Perioperative opioid use has been
associated with adverse clinical outcomes.
Additionally, opioid disposal carries significant
costs, due to the waste of pharmaceutical
products and the time needed by skilled labor to
report the waste. In this study, we aimed to

estimate costs and predict factors of opioid-as-
sociated intraoperative product waste, as well as
to evaluate whether higher intraoperative opi-
oid doses are associated with increased risk of
adverse postoperative outcomes.
Methods: We included 170,607 patients
undergoing general anesthesia and receiving
intraoperative fentanyl, hydromorphone, or
morphine at Beth Israel Deaconess Medical
Center, Boston, MA, USA, between January
2010 and June 2020. We estimated product
waste-associated costs based on various opioid
syringe sizes and determined predictors of opi-
oid waste. Further, we evaluated whether higher
opioid doses were associated with postoperative
adverse events according to the severity-in-
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dexed, incident report-based medication error-
reporting program classification. The primary
outcome included post-extubation desatura-
tion, postoperative nausea or vomiting, or
postoperative somnolence or sedation.
Results: The use of the smallest syringe sizes
(50 mcg for fentanyl, 0.2 mg for hydromor-
phone, and 2 mg for morphine) resulted in the
lowest product waste-associated costs. The main
predictor of opioid waste was the administra-
tion of more than one intraoperative opioid
(adjusted odds ratio [aOR] = 7.64, 95% CI
7.40–7.89, P\0.001). Intraoperative doses of
fentanyl[ 50–100 mcg (aOR = 1.17
[1.10–1.25], P\0.001, adjusted risk difference
[ARD] 2%) and[ 100 mcg (aOR = 1.24
[1.16–1.33], P\0.001, ARD 3%), hydromor-
phone[ 1 mg (aOR = 1.13 [1.06–1.20],
P\ 0.001, ARD 2%), and morphine[2–4 mg
(aOR = 1.26 [1.02–1.56], P = 0.04, ARD 3%)
and[ 4 mg (aOR = 1.45 [1.18–1.77], P\ 0.001,
ARD 5%) were associated with higher risk of the
primary outcome.
Conclusion: Smaller syringe sizes of intraoper-
ative opioids may help to reduce product waste
and associated costs, as well postoperative
adverse events through utilization of lower
intraoperative opioid doses.

Keywords: Opioids; Waste; Waste-associated
costs; Postoperative adverse events; Syringe size

Key Summary Points

Why carry out this study?

Perioperative opioid use has been
associated with adverse clinical outcomes.

Opioid disposal, as a result of
intraoperative opioid use, is associated
with significant costs (waste costs and
skilled labor needed to report the waste).

We estimated the cost of waste based on
different syringe sizes and factors that
could predict it. Further, we investigated
whether higher intraoperative opioid
doses are associated with greater risk of
adverse postoperative outcomes in
surgical patients.

What was learned from the study?

Smaller syringe sizes are associated with
lower waste costs, and administration of
more than one opioid is the strongest
predictor of intraoperative opioid waste.

Smaller syringe sizes of intraoperative
opioids may help to reduce product waste,
associated costs, and postoperative
adverse events.

INTRODUCTION

Preventable adverse drug events and harmful
errors when administering inpatient
injectable medications result in more than one
million hospitalizations per year, with an
annual medical cost increase to the United
States (US) healthcare system between (US)$2.7
billion and $5.1 billion [1]. Perioperative opioid
use has been associated with adverse clinical
outcomes, including postoperative respiratory
complications [2] and increased risk of read-
mission in surgical patients [3], thereby further
burdening the healthcare system. Moreover,
disposal of opioids has been associated with
significant healthcare costs, related to both the
waste of pharmaceutical products and the time
of skilled labor needed to report the waste of the
controlled substances [4]. Therefore, strategies
to reduce opioid use and associated waste might
facilitate avoidance of serious complications, as
well as reducing costs.

However, opioid dosing in the operating
room is complex [5]. Indeed, some providers
may choose the dose of an opioid based on lit-
erature or manufacturer suggestions, while
others may choose the dose to avoid waste, also
defined as unit dosing. With the latter
approach, larger product sizes can potentially
result in larger unit dosing and may be associ-
ated with increased risk of adverse outcomes.
This suggests that systematic adoption of smal-
ler product size (lower unit dose) may have
significant value for organizations through
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reduced waste, improved perioperative out-
comes, and eventually decreased total costs.

Based on different aliquots of opioids, we
aimed to estimate the costs of opioid-associated,
intraoperative product waste, as well as predic-
tors of intraoperative opioid waste and postop-
erative adverse drug events, defined according
to the National Coordinating Council for Med-
ication Error Reporting and Prevention (NCC
MERP) categories, based on the severity-in-
dexed, incident report-based medication error-
reporting program classification [6].

METHODS

Study Design

In this hospital registry study, we analyzed
surgical cases performed between January 2010
and June 2020 at Beth Israel Deaconess Medical
Center (BIDMC) in Boston, MA, USA. Data were
obtained from several hospital databases, and
were subsequently de-identified and merged
into a data repository. The local institutional
review board reviewed the study and deter-
mined that the study met the criteria for
exempt status, and the requirement for
informed consent was waived (protocol num-
bers: #2022P000709 and #2022P001059). This
study was conducted in accordance with the
Helsinki Declaration of 1964 and its later
amendments. This manuscript adheres to the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines
[7].

Study Population

Adult patients who underwent surgery or
interventional procedures under general anes-
thesia and received fentanyl, morphine, or
hydromorphone intraoperatively were consid-
ered for inclusion. We excluded patients with
American Society of Anesthesiologists (ASA)
physical status classification[ IV, those under-
going cardiac surgeries, and those kept intu-
bated after the procedure. For each of the
opioids, a single cohort was created. Cases with

missing data for confounding variables were
excluded, adopting a complete-case method
approach.

Product Waste Description

Data on opioids administered intraoperatively
to patients undergoing general anesthesia were
retrospectively collected from January 2010 to
June 2020. In addition, data on actual intraop-
erative opioid product waste were available
from the hospital controlled substance dis-
pensing system records (Omnicell, Mountain
View, CA, USA) between June 5, 2020, and June
15, 2022. Hypothetical estimates of intraopera-
tive opioid product waste were calculated based
on available ready-to-administer (RTA) syringe
sizes as the difference between the syringe size
(or multiples of the syringe size) and the actual
dose of opioid administered. Specifically, RTA
syringe sizes of 50 mcg and 100 mcg were used
for fentanyl; 0.2 mg, 0.5 mg, 1 mg, and 2 mg for
hydromorphone; and 2 mg and 4 mg for mor-
phine. Hypothetical estimates of product waste
were also predicted for the following vial sizes:
fentanyl 50 mcg and 100 mcg; hydromorphone
1 mg and 2 mg; morphine 2 mg and 4 mg. We
calculated costs associated with product waste,
defined as the sum of the cost of the wasted
syringe or vial and the cost of skilled labor
needed to discard the product. A loss of provider
time of 76.2 s to report the waste for syringes
was assumed [4]. An additional time of 60 s was
assumed to report the waste for vials and to
account for the time for vial drawing up. The
cost of provider time was calculated on a med-
ian hourly wage for nurse anesthetists of
$94.04, as estimated by the US Bureau of Labor
Statistics [8]. The cost of medications is the
average wholesale price (AWP) in the USA and is
expressed as US dollars ($) [9].

Identification of Independent Predictors
of Opioid Waste

Confounder Model and Outcome Measure
Based on literature review and clinical plausi-
bility, the following variables were evaluated as
predictors of intraoperative opioid waste: age,
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sex, ethnicity and race, ideal body weight, ASA
physical status, Charlson Comorbidity Index
(CCI) [10], score for prediction of postoperative
respiratory complications (SPORC) [11], admis-
sion type, source of admission, outpatient use of
opioids within 90 days before surgery, year of
surgery, duration of anesthesia, emergency sur-
gery, anesthesia technique, and age-adjusted
minimum alveolar concentration; use of suc-
cinylcholine, non-depolarizing neuromuscular
blocking agents, neostigmine, or sugammadex;
total volume of intravenous fluids, red blood
cell transfusions, vasopressor requirements, and
duration of intraoperative hypotension (min-
utes of mean arterial pressure below 55 mmHg).
Further, number of opioids used, individual
opioids administered, and use of remifentanil
were included, as well as the use of non-opioid
adjuvants, such as premedication with oral
acetaminophen and/or gabapentinoids, and
intraoperative use of ketamine, lidocaine, non-
steroidal anti-inflammatory drugs (NSAIDs),
magnesium, esmolol, or dexmedetomidine.
Lastly, the provider type (i.e., nurse anesthetist,
resident, or attending anesthesiologist) was
included.

We defined occurrence of product waste as
the discrepancy between the actual dose
administered and an aliquot (or the combina-
tion of multiple available aliquots) of 50 mcg for
fentanyl, 1 mg for hydromorphone, and 4 mg
for morphine, which represents the current
syringe sizes at BIDMC.

Statistical Analyses
A multivariable logistic regression model was
built to assess independent predictors of intra-
operative opioid waste. Stepwise elimination
was performed for variables with a
P value[ 0.01, and bootstrapping with 1000
replications was used to confirm the appropriate
identification of predictors. The relative impor-
tance of each predictor was assessed through
dominance analysis [12].

Intraoperative Opioid Dose and Clinical
Adverse Outcomes

Exposure and Outcome Measures
The primary exposure was the intraoperative
opioid dose, categorized as follows: fen-
tanyl[0–50 mcg,[50–100 mcg, and[100
mcg; hydromorphone[0–0.5 mg,[0.5–1 mg,
and[ 1 mg; and morphine[0–2 mg,[2–4 -
mg, and[4 mg. Opioid categories were chosen
according to available RTA syringes or their
clinically reasonable combinations. In patients
receiving more than one opioid, the total doses
of the additional opioids were considered as
confounders.

Outcomes were defined in accordance with
NCC MERP categories [6]. The primary outcome
was the occurrence of any safety events that
resulted in temporary harm to the patient and
required intervention, including post-extuba-
tion desaturation, postoperative nausea or
vomiting needing rescue treatment in the post-
anesthesia care unit (PACU), and postoperative
somnolence or sedation needing nursing
observation or administration of naloxone
(Category E). The secondary outcomes were
defined as (a) harm to the patient that required
hospitalization, investigated only in outpa-
tients, represented by delayed discharge from
post-anesthesia care unit (length of
stay C 120 min), unplanned admission (booked
outpatients who required unplanned admis-
sion), or delayed discharge from hospital
(length of stay[75th percentile), and read-
mission within 30 days after hospital discharge
(Category F); (b) permanent patient harm,
including cardiac arrest and stroke within
7 days postoperatively (Category G); and (c) need
for interventions necessary to sustain life:
unplanned intubation or intensive care unit
admission (all-cause) within 7 days postopera-
tively (Category H).

Confounder Model
All analyses were adjusted for a priori-defined
confounding variables based on literature
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review and clinical plausibility. These variables
included patient demographics such as age, sex,
body mass index, and ASA physical status, as
well as comorbidities, including chronic heart
failure, preoperative drug abuse, obstructive and
restrictive lung disease, obstructive sleep apnea,
and smoking status. Further, the CCI [10] and
SPORC [11] were considered as confounding
variables. Case-specific confounders, such as
surgical specialty, emergency status, duration of
surgery, work relative value units, and year of
surgery, were included. Analyses were further
adjusted for intraoperative and anesthesia-re-
lated factors, including the use of adjunct
analgesic or sedative medications (ketamine,
dexmedetomidine, regional anesthesia), age-
adjusted mean alveolar concentration of
inhalational anesthetics, use of neuromuscular
blocking agents (non-depolarizing agents and
succinylcholine), reversal agents (neostigmine
and sugammadex), total volume of intravenous
fluids administered, red blood cell transfusions,
vasopressor requirements, duration of intraop-
erative hypotension (minutes of mean arterial
pressure\55 mmHg), ventilation parameters
(fraction of inspired oxygen, positive end-expi-
ratory pressure, peak inspiratory pressure, tidal
volume), number of anti-emetic medications,
and Apfel score [13].

Exploratory Analysis

In an exploratory intent, we investigated the
association between the amount of opioids
wasted and the primary outcome (Category E).

Statistical Analyses

In the primary analysis, we assessed the associ-
ation between the categorized dose of each
opioid agent and the primary outcome. A mul-
tivariable logistic regression model adjusted for
the previously mentioned confounders was
used. Statistical models, study endpoints, and
confounding variables were defined a priori.
Potential multicollinearity between confound-
ing variables and the primary exposure was
assessed using the variable inflation factor and
coefficients of correlation matrix. Continuous

confounding variables were categorized into
quintiles or clinically relevant categories. All the
analyses were performed using Stata software
(version 16.0, StataCorp LLC, College Station,
TX, USA).

RESULTS

Product Waste Description and Related
Costs

A total of 182,109 patients underwent general
anesthesia and received intraoperative fentanyl,
morphine, or hydromorphone between January
2010 and June 2020. After exclusion criteria,
170,607 patients were included, of which,
148,806 (87.2%) received at least one dose of
intraoperative fentanyl, 81,786 (47.9%) at least
one dose of hydromorphone, and 10,693 (6.3%)
at least one dose of morphine. Patient charac-
teristics according to the intraoperative opioid
administered are presented in Table 1. Com-
parisons among different opioid cohorts are
provided in Table S1. Minimal hypothetical
product waste and lowest costs associated with
product waste were observed for the smallest
RTA syringe sizes (Table 2) and for the smallest
vials (Table S2). Total product costs were higher
for smaller syringes (Table 2). Estimated product
waste-associated cost per year, based on a
median of 17,076 annual cases, ranged between
$513 (morphine RTA 2 mg) and $52,997 (hy-
dromorphone RTA 2 mg). Similarly, for vials,
product waste-associated costs varied from a
minimum of $661 (morphine 2 mg) to a maxi-
mum of $59,895 (hydromorphone 2 mg)
(Table S2). Product waste-associated costs, rela-
tive to the smallest available RTA syringe, are
shown in Fig. 1. Data regarding actual product
waste are presented in Supplemental Docu-
ment, Section S1.

Independent Predictors of Product Waste

After exclusion criteria and removal of cases
with missing data for the selected potential
independent predictors of opioid waste, the
study cohort for this analysis comprised
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Table 1 Patient characteristics and distribution of variables by administered intraoperative opioid

Fentanyl Hydromorphone Morphine
N = 148,806 N = 81,786 N = 10,693

Age, years 56.0 (43.0–67.0) 56.0 (43.0–67.0) 54.0

(40.0–65.0)

Female 81,933 (55.1%) 47,524 (58.1%) 6188 (57.9%)

Ideal body weight, kg/m2 61.6 (54.1–70.7) 61.5 (52.4–70.7) 61.5

(53.6–70.7)

ASA physical status

1 16,785 (11.3%) 8355 (10.2%) 1452 (13.6%)

2 67,620 (45.4%) 40,140 (49.1%) 5280 (49.4%)

3 55,998 (37.6%) 30,298 (37.0%) 3594 (33.6%)

4 8403 (5.6%) 2993 (3.7%) 367 (3.4%)

Year of surgery

2010 13,838 (9.3%) 2890 (3.5%) 2412 (22.6%)

2011 14,771 (9.9%) 5092 (6.2%) 2131 (19.9%)

2012 15,552 (10.5%) 5417 (6.6%) 2740 (25.6%)

2013 16,207 (10.9%) 7760 (9.5%) 1392 (13.0%)

2014 15,282 (10.3%) 10,213 (12.5%) 458 (4.3%)

2015 14,649 (9.8%) 10,232 (12.5%) 118 (1.1%)

2016 13,555 (9.1%) 10,754 (13.1%) 62 (0.6%)

2017 12,965 (8.7%) 10,112 (12.4%) 133 (1.2%)

2018 13,866 (9.3%) 6820 (8.3%) 1204 (11.3%)

2019 14,245 (9.6%) 9857 (12.1%) 34 (0.3%)

2020 3876 (2.6%) 2639 (3.2%) 9 (0.1%)

Charlson Comorbidity Index 0.0 (0.0–2.0) 0.0 (0.0–2.0) 0.0 (0.0–2.0)

SPORC C 7 7093 (5.1%) 3100 (3.9%) 461 (4.4%)

Opioids use within 90 days before surgery 25,987 (17.5%) 15,267 (18.7%) 1645 (15.4%)

Duration of surgery, median (IQR) (min) 125 (83–185) 155 (111–221) 142

(104–199)

Emergency surgery 14,795 (9.9%) 7901 (9.7%) 1376 (12.9%)

Anesthesia technique

General anesthesia only 134,159 (90.2%) 75,014 (91.7%) 9916 (92.7%)

General plus MAC 57 (0.0%) 7 (0.0%) NA

General plus MAC plus regional 39 (0.0%) 8 (0.0%) NA

General plus regional 14,551 (9.8%) 6757 (8.3%) 777 (7.3%)

216 Pain Ther (2024) 13:211–225



Table 1 continued

Fentanyl Hydromorphone Morphine
N = 148,806 N = 81,786 N = 10,693

Age-adjusted mean alveolar concentration of inhalation

anesthetics, median (IQR)

1.0 (0.8–1.1) 1.0 (0.9–1.1) 1.0 (0.9–1.2)

Use of succinylcholine 56,917 (38.2%) 29,714 (36.3%) 5145 (48.1%)

Use of non-depolarizing NMBA 98,068 (65.9%) 66,019 (80.7%) 8157 (76.3%)

Crystalloid and colloid infusion, median (IQR) (ml) 1000 (700–1500) 1100 (800–1700) 1200

(900–1700)

Units of packed red blood cells 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0)

Use of vasopressors 79,797 (53.6%) 48,087 (58.8%) 5080 (47.5%)

Minutes of mean arterial pressure below 55 mmHg, median

(IQR)

0.0 (0.0–2.0) 1.0 (0.0–3.0) 1.0 (0.0–3.0)

Number of intraoperative opioids administered

1 78,485 (52.7%) 20,210 (24.7%) 1537 (14.4%)

2 70,018 (47.1%) 61,273 (74.9%) 8853 (82.8%)

3 303 (0.2%) 303 (0.4%) 303 (2.8%)

Fentanyl, median (IQR) (mcg) 100 (100–200) 100.0 (25–200) 150

(100–250)

Hydromorphone, median (IQR) (mg) 0.0 (0.0–0.8) 1.0 (0.6–1.2) 0.0 (0.0–0.0)

Morphine, median (IQR) (mg) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 5.0 (4.0–8.0)

Intraoperative remifentanil administration 7206 (4.8%) 4064 (5.0%) 186 (1.7%)

Premedication with acetaminophen 13,872 (9.3%) 10,290 (12.6%) 165 (1.5%)

Premedication with gabapentinoids 6571 (4.4%) 6410 (7.8%) 115 (1.1%)

Intraoperative ketamine administration 10,395 (7.0%) 10,273 (12.6%) 436 (4.1%)

Intraoperative lidocaine administration 99,061 (66.6%) 59,803 (73.1%) 6621 (61.9%)

Intraoperative esmolol administration 11,293 (7.6%) 8891 (10.9%) 897 (8.4%)

Intraoperative magnesium administration 740 (0.5%) 505 (0.6%) 56 (0.5%)

Intraoperative NSAIDS administration 28,180 (18.9%) 17,166 (21.0%) 1762 (16.5%)

Intraoperative dexmedetomidine administration 2195 (1.5%) 2147 (2.6%) 185 (1.7%)

Anesthesia provider

Resident 89,215 (60.4%) 49,072 (60.4%) 7037 (66.2%)

Nurse anesthetist 30,637 (20.7%) 18,643 (22.9%) 1377 (13.0%)
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139,374 patients (Table S3). Intraoperative opi-
oid waste occurred in 90,155 (64.7%) cases.

Age, clinical referral, intraoperative admin-
istration of esmolol, remifentanil, or vasopres-
sors, use of analgesic adjuvants such as
ketamine, lidocaine, or dexmedetomidine, total
fluids administered, and use of more than one
opioid during anesthesia were identified as
predictors for waste (Figure S1). Dominance
analysis of the individual independent predic-
tors showed that the administration of more
than one opioid intraoperatively had the
strongest dominance, as determined by its
contribution to waste prediction (ranking 1,
pseudo-R2 = 0.0654; Figure S1).

Intraoperative Opioid Dose and Adverse
Postoperative Outcomes

Study Population
The final study cohorts for this analysis com-
prised 119,113 patients for fentanyl, 71,483 for
hydromorphone, and 8906 for morphine
(Fig. 2). The median (IQR) dose of opioids
administered was 100 mcg (100–200), 1 mg
(0.6–1.2), and 5 mg (4–8) for fentanyl, hydro-
morphone, and morphine, respectively
(Table S4).

Primary Analysis
The primary outcome, Category E, including
post-extubation desaturation, postoperative
nausea and vomiting needing rescue treatment
in the PACU, or postoperative somnolence or
sedation needing nursing observation or
administration of naloxone, was observed in
19,916 (16.7%), 14,332 (20.1%), and 1500
(16.8%) patients of the fentanyl, hydromor-
phone, and morphine cohorts, respectively. In

adjusted analysis, compared to doses of[0–50
mcg, fentanyl was associated with higher risk of
Category E, at doses of[50–100 mcg (adjusted
odds ratio [aOR] = 1.17 [1.10–1.25], P\ 0.001,
adjusted risk difference [ARD] 2%) and[100
mcg (aOR = 1.24 [1.16–1.33], P\0.001, ARD
3%). Compared with[0–0.5 mg, hydromor-
phone was not associated with the outcome at
doses of[ 0.5–1 mg, while it was at
doses[ 1 mg (aOR = 1.13 [1.06–1.20],
P\ 0.001, ARD 2%). Compared with
doses[ 0–2 mg, morphine was associated with
an increased risk of Category E, at doses of both
2–4 mg (aOR = 1.26 [1.02–1.56], P = 0.04, ARD
3%) and[4 mg (aOR = 1.45 [1.18–1.77],
P\ 0.001, ARD 5%). Results with opioid doses
expressed in oral morphine equivalents (OMEs)
[14] are reported in Tables S5 and S6. Dose
dependency of postoperative Category E per dose
of opioids in oral morphine equivalents (mg) is
presented in Fig. 3.

Secondary Analyses
Category F was observed in 44,809 (37.6%),
23,130 (32.4%), and 2835 (31.8%) cases in the
fentanyl, hydromorphone, and morphine
cohorts, respectively. The risk of Category F was
increased for all fentanyl and hydromorphone
doses, while only high morphine doses ([4 mg)
were associated with higher risk of this out-
come. Category G occurred in 31 (0.03%) and 19
(0.03%) patients in the fentanyl and hydro-
morphone cohorts, respectively, while only one
event was observed in the reference exposure
category of the morphine cohort, and therefore
the regression model was not applicable. No
association was observed between any of the
opioid doses and Category G. Category H was
observed in 5480 (4.6%), 3760 (5.3%), and 325

Table 1 continued

Fentanyl Hydromorphone Morphine
N = 148,806 N = 81,786 N = 10,693

Attending 27,897 (18.9%) 13,552 (16.7%) 2218 (20.9%)

Data are presented as median (IQR) for continuous measures, and n (%) for categorical measures
ASA American Society of Anesthesiology, SPORC score for the prediction of postoperative respiratory complications, MAC
monitored anesthesia care, NMBA neuromuscular blocking agents, NSAIDs non-steroidal anti-inflammatory drugs
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(3.6%) cases in the fentanyl, hydromorphone,
and morphine cohorts, respectively. The risk of
Category H was increased in high ([100 mcg)
fentanyl doses. No association with Category H
was observed for morphine. Detailed results of
adjusted analyses for secondary outcomes are
summarized in Table S6.

Exploratory Analysis
We did not find any association between the
dose of opioid wasted and the primary outcome
(Category E). Results are detailed in Table S7.

DISCUSSION

In this study, we estimated the product waste
for different aliquots of injectable opioids. For
all the different opioids, product waste was
minimized by reducing RTA syringe or vial size,
and was therefore lowest for 50-mcg aliquots of
fentanyl, 0.2-mg aliquots of hydromorphone,
and 2-mg aliquots of morphine. In addition, we
observed that the main predictor of intraoper-
ative opioid waste was the administration of

more than one opioid during general anesthe-
sia, which was associated with a sixfold increase
in the occurrence of opioid waste. Further,
higher doses of intraoperative opioids were
associated with a higher risk of adverse events
causing temporary harm to the patient and
requiring intervention (Category E), specifically
post-extubation desaturation, postoperative
nausea and vomiting requiring antiemetic
administration, and postoperative somnolence
and sedation needing observation or naloxone
treatment. Higher opioid doses were also asso-
ciated with increased risk of adverse events
resulting in hospitalization or readmission of
outpatients (Category F), but were not associated
with permanent harm to the patient (Category
G) or the need for life-saving treatments (Cate-
gory H).

Smaller sizes of RTA syringes and vials pre-
sented the lowest product waste-associated
costs. For example, a 100-mcg fentanyl RTA
syringe produced a product waste-associated
cost of $2.72, 5.3 times that of a 50-mcg fen-
tanyl RTA syringe, which produced a waste-as-
sociated cost of $0.43 per case. This finding is

Fig. 1 Relative change in product waste-associated cost
(cases with waste and without waste) compared to the
reference RTA syringes. Reference RTA syringes: fentanyl
50 mcg, hydromorphone 0.2 mg, morphine 2 mg. Costs

include the cost of the syringe or vial wasted and the cost
of the skilled workforce. RTA ready-to-administer
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explained by the lower number of vials and RTA
syringes wasted with the smallest aliquots.
Indeed, this leads to lower cost related to the
product discarded and to decreased cost related
to waste reports that are required for controlled
substances. Considering the high volume of
these medications, especially for fentanyl—the
most commonly administered intraoperative
opioid in our study population—the financial
costs may pose a substantial burden to the
healthcare system. Compared with the smallest
morphine RTA syringes, morphine vials pre-
sented lower product waste-associated costs.
However, the additional time considered for
vial drawing up, assumed to be 60 s, may vary,
and no study measured this time directly. In
addition, the costs of other disposable items
including syringes and needles were not con-
sidered for this estimate.

While waste-associated cost was lower with
smaller syringe sizes, the total product cost (cost
per syringe multiplied by number of syringes

needed to achieve the same dose) was higher
due to the higher number of syringes needed.
However, the cost–value relationship with the
use of 50-mcg versus 100-mcg fentanyl RTA
syringes (additional $189,761) and 0.5 mg ver-
sus 1.0 mg (additional $378,485) of hydromor-
phone as the default size has to be considered in
light of important related factors. First, we pre-
dict that more users will switch to using lower
unit doses, and therefore we expect a net
reduction in total opioid utilization, favoring
cost containment. Second, users who expect
usage of 1 mg hydromorphone may need to
have access to this RTA size, even if barriers are
instituted to accessing the larger size such as
storage in core dispensing stations rather than
located inside the operating rooms, which may
impact overall choice. Third, quality improve-
ment strategies to limit the use of more than
one opioid per case may also result in a large
reduction in total RTA syringes consumed and a
significant reduction in costs. In summary, the

Fig. 2 Study flow diagram for the analysis of intraoper-
ative opioid use and adverse postoperative outcomes,
indicating numbers of patients excluded due to exclusion
criteria and missing data. ASA American Society of
Anesthesiology, Pts patients, BMI body mass index,

SPORC score for the prediction of postoperative respira-
tory complications, RVU relative value units, NMBA
neuromuscular blocking agent, FiO2 fraction of inspired
oxygen, PEEP positive end-expiratory pressure, PIP peak
inspiratory pressure
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cost data are important balancing measures for
the study and reflect an opportunity for process
improvement.

Targeting a reduction in intraoperative opi-
oid waste is important because it may lead to
lower costs for the healthcare system, as we
showed in our hypothetical estimates of pro-
duct waste. Our analysis of the predictors of
intraoperative product waste informs health-
care personnel on how to prevent opioid waste.
When considering the occurrence of product
waste, we found that the use of more than one
intraoperative opioid was associated with a
more than sevenfold increase in the occurrence
of waste. Of note, among other predictors, we

found that the use of analgesic adjuvants,
including ketamine, dexmedetomidine, and
lidocaine, was associated with increased opioid
waste. This might reflect the provider’s choice
to adopt opioid-sparing analgesia, administer-
ing only a fraction of available vials and RTA
syringes [15]. Although analgesic adjuvants
were associated with increased opioid waste in
our model, their relative contribution compared
to the strongest predictor, use of multiple opi-
oids, was negligible (e.g., adjusted absolute risk
difference for dexmedetomidine 3.8% vs. 37.3%
for using multiple opioids). In addition, given
the increasing body of literature supporting
multimodal analgesia during surgery to

Fig. 3 Dose dependency of postoperative Category E in
patients who received fentanyl (in green), hydromorphone
(in red), and morphine (in blue), stratified by oral
morphine equivalent dose. The adjusted risk estimates
with corresponding 95% confidence intervals (CI) for
Category E are presented. The figure shows a direct
increase in the risk of Category E at the increased dose of

opioid administered. Conversion of oral morphine equiv-
alents to common aliquots for each opioid is shown at the
bottom left. Category E is defined as post-extubation
desaturation, postoperative nausea and vomiting needing
rescue treatment in the post-anesthesia care unit, and
postoperative somnolence or sedation needing nursing
observation or administration of naloxone
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decrease the side effects of opioids, a slight
increase in the risk of opioid waste might be
tolerable in favor of safer anesthesia and a
decrease in opioid adverse events [16].

To the best of our knowledge, our study is
the first to use NCC MERP categories to analyze
the association between the dose of opioids and
their adverse effects. This classification is par-
ticularly important, as it associates the adverse
effect of a medication with the severity of the
outcome and was proposed in 1996 as a stan-
dardized categorization of medication errors
and safety events [6]. We observed that higher
doses of fentanyl, hydromorphone, and mor-
phine were associated with an increased risk of
Category E outcomes (adverse events that cause
temporary harm to the patient). These findings
are in line with a previously published study
reporting that lower doses of fentanyl (60–120
mcg for a patient weighing 70 kg) were associ-
ated with lower risk of postoperative respiratory
complications [2]. Of note, the increased risk
per unit of oral morphine equivalents was not
similar among the opioids. Indeed, morphine
presented a consistently steeper increase in the
estimated risk of Category E, when compared
with hydromorphone and fentanyl (Fig. 3). This
finding may be interpreted as an effect of the
different pharmacokinetics and pharmacody-
namics of morphine relative to fentanyl and
hydromorphone, including a less favorable
context-sensitive half time [17] and a longer
equilibration half-life between plasma and
effect-site (i.e., 2–3 h vs. 6 min for fentanyl)
[18].

Regarding the secondary outcomes, higher
doses of opioids were associated with an
increased risk of delayed discharge from the
PACU, unplanned admission, delayed discharge
from hospital, and readmission within 30 days
(Category F). Thirty-day readmission risk was
investigated by Long et al., who showed that
doses of intraoperative opioids of nearly 30 mg
oral morphine equivalents (e.g., 10 mg intra-
venous [IV] morphine, 100 mcg of IV fentanyl,
and 1.5 mg of IV hydromorphone) were associ-
ated with a 15% increase in 30-day readmission
[3].

Our findings suggest reduced dosing of opi-
oids to minimize the risk of postoperative

adverse events. However, providers may choose
the dose of opioid based on the patient’s weight
or may prefer to avoid waste reports and use so-
called unit dosing. Previous studies have shown
that providers usually administer different
dosages of opioids based on the syringe/vial size
available [19], and this was confirmed in our
cohort, where we observed that the median
dose for fentanyl and hydromorphone was
equivalent to the aliquots or their multiples
available at our institution. If this is the case,
the availability of RTA syringes that were asso-
ciated with lower risk of adverse outcome might
be preferable. Based on our findings, fentanyl
RTA syringes of 50 mcg and morphine of 2 mg
may represent the best choices for institutions
to decrease adverse events while minimizing
costs. For hydromorphone, our analysis points
to the 0.5-mg RTA syringe size as the optimal
size, since it was not associated with the pri-
mary outcome, and it has the potential to fur-
ther reduce intraoperative opioid exposure
relating to unit dosing. While hydromorphone
0.2 mg was associated with the lowest waste and
costs, it would be associated with a dispropor-
tionate use of disposable syringes with current
dosing patterns.

These findings suggest that a quality
improvement initiative that implements syr-
inge size reduction may lead to decreased costs
and complications. A similar strategy has
already been implemented locally by decreasing
the aliquot size of neostigmine [20]. This strat-
egy was associated with a decreased incidence of
postoperative respiratory complications when
combined with a cognitive aid, an educational
component, and a financial incentive to
decrease postoperative complications in
patients receiving neuromuscular blockade
intraoperatively and reversal with neostigmine
before end of anesthesia [20].

Our findings must be interpreted in the
context of the study limitations that arise from
its retrospective design. Variable definitions
were further limited by the availability of elec-
tronically stored data. In addition, we per-
formed a single-center study that limits the
generalizability of the results. However, the
large cohort size allowed for a wide range of
adjustments for covariates derived from highly
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granular perioperative data. For the estimations
of product waste-associated costs, we consid-
ered the time spent in preparing the waste
report as an average time derived from a previ-
ous observational study [4]. This might not
reflect the current practice of waste reporting at
every institution.

CONCLUSION

The results of this study show that intraopera-
tive opioid waste-associated costs may be
reduced through utilization of smaller aliquots
of RTA syringes. Lower doses of intraoperative
opioids were further associated with a lower risk
of post-procedural Category E and F events. The
implementation of low-dose opioid RTA syr-
inges might therefore help in reducing costs,
while at the same time reducing postoperative
complications by motivating physicians to
choose smaller doses. These findings will further
guide prospective studies to determine whether
a decrease in opioid syringe sizes improves the
quality of patient care, as well as alleviating the
financial burden of waste and postoperative
complications related to opioids.
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