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Abstract

Background: Surgeon-prescribed opioids contribute to 11% of prescription drug overdoses in
the United States (US). With prescription opioids involved in 24% of all opioid-related overdose
deaths in 2020, the US Centers for Disease Control and Prevention (CDC) recommends naloxone
co-prescribing to patients at high-risk of overdose and death as a harm reduction strategy. We
sought to 1) examine naloxone co-prescribing rates to surgical patients (using common post-
surgical prescribing amounts) and those with potential risk factors for opioid-related overdoses
or adverse events, and 2) identify the factors associated with patients receiving naloxone co-
prescriptions.

Methods: We conducted a single-institution, retrospective study using the electronic medical
records of all patients undergoing surgery at an academic institution between August 2020 and
May 2021. We included post-surgical adults prescribed opioids that were sent to a pharmacy in
our health system. The primary outcome was the percentage of co-prescribed naloxone in patients
prescribed opioids.
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Results: The overall naloxone co-prescription rate was low (1.7%). Only 14.6% of patients
prescribed =350 morphine milligram equivalents (MME, equivalent to 46.7 oxycodone 5 mg
tablets) and 8.6% of patients using illicit drugs were co-prescribed naloxone. On multivariable
analysis, patients who were prescribed >350 MME, used illicit drugs or tobacco, underwent an
elective or emergent general surgery procedure, self-identified as Hispanic, or had ASA scores of
2-4 were more likely to receive a naloxone co-prescription.

Conclusions: Naloxone co-prescribing after surgery remains low, even for high-risk patients.
Harm reduction strategies such as naloxone, safe storage, and disposal of leftover opioids could
reduce surgeons’ iatrogenic contributions to the worsening US opioid crisis.
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1. Introduction

Opioid prescribing by surgeons directly and indirectly contributes to the ongoing opioid
crisis in the United States (US). While much of the focus in the crisis has been on illicit
opioids, prescription opioids were involved in 24% of the 68,630 opioid-related overdose
deaths in 2020 [1]. Approximately 64 million operations are performed each year in the
US and while prescribing after surgery has decreased recently, 56—70% of these patients
will still be prescribed opioids [2-6]. Surgeon-prescribed opioids were involved in 11% of
prescription opioid drug overdoses [7]. In addition, prescription opioids are often the first
exposure to opioids for many and can lead to future heroin and other illicit drug use [8,9].

Naloxone co-prescribing has been widely promoted as a harm reduction strategy to reduce
opioid-related overdoses. Naloxone rapidly reverses the effects of opioids and is the primary
treatment for an opioid-related overdose. In 2018, then Surgeon General Jerome Adams
issued an advisory on the importance of prescribing naloxone for patients “taking high
doses of opioids as prescribed for pain, individuals misusing prescription opioids, [or]
individuals using illicit opioids” [10]. In 2022, the US Centers for Disease Control and
Prevention (CDC) reported that only 1 naloxone prescription is dispensed for every 70
high-dose opioid prescriptions and rural counties are nearly 3 times more likely to be ranked
as low-dispensing for naloxone than metropolitan counties [11]. While specific guidelines
were not been released for surgeons, CDC guidelines suggest naloxone co-prescribing for
patients who use =50 morphine milligram equivalents (MME) per day (the equivalent of
6.67 tablets of oxycodone 5 mg) and/or have a history of illicit drug use or substance use
disorder at increased risk [12,13]. Several states such as Vermont and Virginia mandated
naloxone for patients taking high-doses of opioids leading to higher rates of co-prescribing
[14,15]. However, naloxone co-prescribing rates range from 0.46%-4.37% in a variety of
national studies [14-17].

Despite the ubiquity of opioid prescribing after surgery, few studies examining naloxone
co-prescribing upon discharge after surgery. For surgeons, naloxone co-prescribing could
potentially reduce the risks of opioid-related harms to their patients. Patients who received
a naloxone co-prescription along with opioids for chronic pain had 63% fewer emergency
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department visits for opioid-related adverse events than those who did not receive naloxone
[18]. Naloxone co-prescribing also appears to raise patient awareness of opioid-related
harms leading to a decrease in opioid overdoses even when the naloxone prescription is not
filled [19].

The CDC guidelines recommend a 50 MME per day threshold which is appropriate for
patients using who use the same quantities of opioids each day for chronic pain. However,
surgery patients use opioids after surgery as needed which can result in variable day-to-day
consumption (at times exceeding 50 MME) [20]. Also, patients often use opioids to treat
ailments other than pain (e.g., insomnia) [21]. For example, a patient prescribed “1-2 tablets
oxycodone 5 mg g4h prn pain, quantity #20 for 5 days” would have a prescription that does
not exceed the 50 MME/day CDC guideline. Yet they might follow the instructions and
take 12 tablets in a single day (90 MME). Thus, larger opioid prescriptions can put patients
at risk even if the daily MME quantity and duration would not cross the CDC threshold.
These risks also extend to families and friends. Few patients store opioids securely [22-24]
contributing to a three-fold increase in child poisonings and deaths from 1999 and 2016
[25]. One-third of patients shared their prescriptions, which can lead to misuse or illicit drug
use by others [26-28].

Thus, we conducted a single-institution, retrospective study with the goals of 1)

examining naloxone co-prescribing rates to surgical patients using several MME thresholds
representing common opioid prescriptions, and 2) identifying the patient- and surgery-level
factors associated with patients receiving naloxone co-prescriptions.

2. Methods

2.1. Study setting, participants, and design

We conducted a single-institution, retrospective cohort study using the electronic medical
records of all patients undergoing surgery at a single academic institution between August
2020 and May 2021. We included adults (age =18) who underwent a cardiothoracic, general
surgery, otolaryngology, plastic, transplant, urology, or vascular surgery and were prescribed
opioids at discharge. We excluded trauma patients due to the heterogenous nature of their
injuries and variable prescribing by different services. We excluded patients who were

not discharged home (5.9% of all post-surgical discharges). For patients who had more

than one discharge opioid prescription during the study period, we assessed for naloxone
prescriptions associated with patient’s first opioid prescription. The study was approved by
the Institutional Review Board at the University of Utah and was conducted in compliance
with STROBE guidelines [29].

Our primary outcome of interest was the percentage of patients co-prescribed naloxone

and opioids after surgery. We categorized patients by discharge opioid prescriptions into

six categories: 0 MME (patients not receiving any opioids at discharge), 1-75 MME
(representing a prescription of up to ten tablets of oxycodone 5 mg), 76-150 MME, 151-200
MME, 201-350 MME, and >350 MME. We based these prescriptions on prior studies by
our groups and others reflecting common discharge prescriptions [20,21,30]. Our secondary
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outcomes were to examine the association between opioid prescription quantities as well as
demographic, clinical, and surgical characteristics, and naloxone co-prescription.

2.2. Data collection, cleaning, and statistical analyses

The data in this study was extracted using Structured Query Language (SQL) from our
electronic data warehouse which is updated daily with data from our commercial electronic
medical record (EMR) system (Epic Systems Corporation, Verona, Wisconsin). We used the
predefined fields and categories for patient demographics (age, gender, race, ethnicity, home
zip code), current medical and social history (cardiac and respiratory co-morbidities, illicit
drug, tobacco, or alcohol use) the pre-operative anesthesia record (American Society of
Anesthesiology [ASA] score), the surgical case record (case urgency, outpatient or inpatient
classification, attending surgeon, specialty), and pharmacy data (discharge medications
including opioids). We used the patient’s home zip code and the Federal Office of Rural
Health Policy Data Files to categorize patients as rural or urban [31]. A systematic review
by the CDC found that there was no conclusive evidence about demographic or clinical

risk factors associated with overdoses [13]. But the review and prior literature suggest that
older adults; rurality; patients with a history of overdoses or illicit drug use, alcohol use, and
patients with cardiac and respiratory co-morbidities are at increased risk of opioid-related
overdoses and adverse events [12,13,32]. The data from patient demographics, current
medical history, and social history are generally completed (and updated) by patients prior
to their hospital visits via a secure patient portal. Clinic staff and providers can further
update these records. The total discharge dosages of all discharge opioid medications were
converted into morphine milligram equivalents (MME) [33].

Categorical variables were summarized as counts and percentages and analyzed using chi-
squared tests. In cases where the normal conditions of a chi-squared test were not met,

we calculated p-values via Monte-Carlo simulation. We used pairwise deletion to remove
patients missing data in any of these categories [34]. Continuous variables were summarized
by median and interquartile range (IQR) and analyzed by stratifying data into discrete
groups.

To assess the factors associated with naloxone co-prescribing, we conducted a multivariable
analysis using a logistic regression model, accounting for potential clustering by surgeon.
We included all variables in the adjusted model (rather than using a selection process)

as our goal was identifying the relevant factors rather than creating a predictive model.

We calculated standard errors at the surgeon level to account for autocorrelation between
surgeons within the same specialty. Odds ratios (OR) and 95% confidence intervals

(95% CI), and p-values were reported for each of the variables examined. Results were
considered statistically significant when two-tailed p-values were <0.05. To address potential
unobserved confounding, we ran a separate random effects model but saw minimal
differences. The analysis was performed using Stata Version MP/17.0 (Stata Corp, College
Station, TX, USA).
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3. Results

At our institution, 10,414 unique patients underwent surgery during the study period.
Overall, 6,492 (62.3%) patients were prescribed opioids at discharge after surgery while
3,922 (37.7%) patients were not prescribed opioids. The median patient age was 51

(IQR 37-65). Patient-level demographics and clinical characteristics are shown in Table 1.
Patient gender was evenly distributed between males and females. Patients most commonly
identified as Caucasian/White (86.1%), other (8.5%), or Black or African American (1.5%).
Hispanics constituted 10.3% of the study population. Most patients lived in non-rural
settings (74.2%). A small percentage of patients reported illicit drug use (7.7%) and active
tobacco use (8.1%) while more than a third actively used alcohol (35.3%). For those
prescribed opioids, the median opioid dosage prescribed at discharge was 75.0 MME (IQR
45.0-150.0). Overall, 3,716 (35.7%) of patients were prescribed 1-75 MME, 1,888 (18.1%)
were prescribed 76-150 MME, 260 (2.5%) were prescribed 151-200 MME, 470 (4.5%)
were prescribed 201-350 MME), and 158 (1.5%) were prescribed >350 MME. The overall
naloxone co-prescription rate for patients receiving an opioid prescription was 1.7%.

The characteristics of the surgeries performed are shown in Table 2. Overall, 9,159 (88.0%)
of patients underwent elective procedures. Most operations were done outpatient (n=7,580,
72.8%). The highest volume specialties were general surgery (n=3,522, 33.8%), urology
(n=2,177, 20.9%), and otolaryngology (n=1,988, 19.1%).

We conducted a univariable analysis examining the association between previously
identified risk factors for opioid-related overdoses and adverse events with naloxone co-
prescribing (Table 3). The naloxone co-prescription rate ranged from 0.6% (for patients who
were prescribed 1-75 MME) to 14.6% (for patients prescribed >350 MME). Patients with
cardiac (but not respiratory) co-morbidities, illicit drug use, active tobacco use, or those
who underwent emergent or inpatient surgery had higher rates of naloxone co-prescriptions.
We used a multivariable logistic regression to identify the factors associated with naloxone
co-prescribing (Table 4). We controlled for age, gender, race, home rurality, and cardiac

and respiratory co-morbidities. Patients prescribed >350 MME (odds ratio [OR] 4.7, 95%
confidence interval [CI] 1.68-13.0); using illicit drugs (OR 3.51, 95% CI 1.94-6.34) or
tobacco (OR 1.87, 95% CI 1.02-3.43); patients who underwent a general surgery procedure
(OR 2.90, 95% CI 1.01-8.30) or an emergent surgery (OR 8.25, 95% CI 2.55-26.62); patient
self-identifying as Hispanic (OR 2.57, 95% CI 1.24-5.35); or patients with ASA scores of

2 (OR 4.55,95Cl 1.11-18.68), 3 (OR 12.77, 95% CI 2.98-54.80), or 4 (OR 9.51, 95% ClI
1.84-49.12) were more likely to receive a naloxone co-prescription. Patients prescribed 1-75
MME (OR 0.22, 95% CI 0.13-0.39); patients who underwent a plastics (OR 0.49, 95% CI
0.26-0.93) or vascular (OR 0.05, 95% CI 0.007-0.36); or who were active alcohol users (OR
0.50, 95% CI 0.30-0.82) were less likely to receive a co-prescription.

4. Discussion

In this study, we examined the rate of naloxone co-prescribing to patients prescribed
opioids after surgery. We found that the overall naloxone co-prescription rate was low
among all patients who received opioids (1.7%) but generally increased with higher MME
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discharge prescriptions. Patients at higher risk of overdoses did have higher rates of
naloxone co-prescribing. Among the patients who were prescribed =350 MME, 14.6%
were co-prescribed naloxone. Only 8.6% of patients using illicit drugs and discharged with
opioids received a naloxone co-prescription. Prescribers appeared to be most concerned
about those patients undergoing emergent surgery but even then, only 14.1% were co-
prescribed naloxone. On multivariable analysis, patients prescribed >350 MME, using illicit
drugs or tobacco, undergoing a general surgery or emergent procedure, self-identifying as
Hispanic, or ASA scores of 2-4 were factors associated with an increased likelihood of
naloxone co-prescription.

Our overall low rates of naloxone co-prescribing are consistent with the 0.46%-4.37%
reported in national pharmacy claims studies [14-17]. A variety of strategies have been
proposed to increase co-prescribing rates outside of surgery. Mandatory prescribing laws
passed in Vermont and Virginia in 2016 led to 1,515% and 2,650% increases in naloxone
prescriptions in the subsequent year, respectively, though most high-risk patients still did
not receive naloxone [14]. Other states such as Arizona, California, Ohio, Rhode Island,
and Washington have followed suit [35]. At the health system-level, a clinical decision
support alert increased the rate from 0.28% to 4.51% at one academic medical center

[36]. Physician, nurse, and pharmacist education combined with electronic alerts similarly
increased naloxone prescriptions at another academic center [37].

The literature is limited on the patient-level factors associated with naloxone co-prescribing
[13]. Naloxone co-prescribing may be less likely to occur for rural patients than for their
urban counterparts [16]. A study by Ong et al found that naloxone prescriptions were
slightly more likely to be dispensed to female patients [38,39]. The only demographic factor
we found associated with naloxone co-prescribing was Hispanic ethnicity. A recent report
by the Substance Abuse and Mental Health Services Administration suggests that the rate
of prescription opioid misuse among patients who identify as Hispanic/Latino is the same
as the national population rate (4%) and the opioid-related overdose death rates is lower
compared to non-Hispanic Whites, Blacks, and American Indian/Alaska Natives. However,
the death rate from prescription and synthetic non-prescription opioids in the Hispanic
population increased between 2014-2017 by 122% and 617%, respectively. Whether
increased naloxone co-prescribing to patients of Hispanic ethnicity by our providers is a
result of the rapid increase of overdoses in this population or represents potential bias cannot
be determined from this study.

One challenge not addressed by our study is the rate of naloxone filling by patients. Prior
studies suggest that only 20-42% of patients prescribed naloxone fill their prescriptions
[40-43]. Patient concerns about cost have been identified as a barrier to naloxone
acceptance, and co-prescribing naloxone to every patient that receives opioids would

be unnecessary and expensive [44]. Prescription fill rates increase in patients who have
witnessed an opioid overdose or experienced a personal opioid reversal with naloxone,
but these are likely to be uncommon among many patients undergoing elective surgery.
Pharmacists may also be uncomfortable providing naloxone to patients, citing a lack of
training in the use of over the counter naloxone and, less often, concern that dispensing
naloxone will increase the likelihood of opioid overdose [45]. Also, naloxone is variably
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covered by different payers and while there are no-cost options, patients and pharmacies
are not always aware of these options. Our state does have a standing order allowing
pharmacists to dispense naloxone (without a prior prescription), to anyone at increased
risk of experiencing an overdose, but most of these efforts are focused on those using
non-prescription synthetic opioids (e.g., fentanyl) [46].

Our study has several limitations. First, our data reflects the naloxone co-prescribing
practices of a single academic institution and may not reflect those of other institutions

or populations. Second, we examined de novo naloxone co-prescribing rates so a

small percentage of patients may have already had naloxone at home, leading to an
underestimation of the reach of naloxone in our population. Third, we examined naloxone
co-prescription rates, but not naloxone pickup rates. Available evidence suggests pharmacy
pickup rates are lower than naloxone prescription rates, so the number of patients with
readily available naloxone is likely much lower than the number of patients who were
prescribed naloxone. Finally, our data is limited by what is contained in the EMR. Patients
are prompted through a secure patient portal to review and update their medical history and
medications but there is likely under-reporting for fields such as illicit drug use. Prescribed
medications such as opioids from other systems may also not be accessible in our system
and may explain why some patients not prescribed opioids at discharge received naloxone
prescriptions.

5. Conclusion

To date, surgeons have focused primarily on reducing the amount of opioids they prescribe
after surgery. However, further reducing the iatrogenic harms of prescription opioids will
require a broader strategy of opioid stewardship that encompasses patient and provider
education and expectation-setting, promoting safe and appropriate disposal of leftover
opioids, and harm reduction through safe storage initiatives and naloxone co-prescriptions.
Offering naloxone may reduce overdose rates even when it is not utilized and, as part

of a broader public health effort, increasing naloxone co-prescription would likely reduce
overdose death rates in the general population, especially among high-risk individuals and
communities. Whether these strategies should be applied broadly to all patients or through
interventions targeting those at high-risk will require further research and testing.
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Table 3

Univariable analysis of opioid-related overdose/adverse event risk factors and their association with naloxone

co-prescribing.

Naloxone co-prescribed
N= (%)

Naloxone not co-prescribed  p-
N= (%) value

Overall (N=, row %)

Opioid total prescription

0 MME

1-75 MME
76-150 MME
151-200 MME
201-350 MME
>350 MME
ASA Score

a b~ W N

Cardiac co-mor bidity

Yes
No

Respiratory co-mor bidity

Yes

No

Illicit drug use
Yes

No/Never

Active tobacco use
Yes

No/Never

Active alcohol use
Yes

No/Never

Surgery urgency
Elective

Urgent

Emergent

Surgery classification

Outpatient
Inpatient
Specialty
Burn

196 (1.9%)

86 (2.2%)
22 (0.6%)
38 (2.0%)
3 (1.2%)
24 (5.1%)
23 (14.6%)

3 (0.3%)
48 (1.0%)
132 (3.2%)
13 (1.9%)
0 (0%)

24 (3.1%)
172 (1.8%)

15 (1.9%)
181 (1.9%)

54 (7.4%)
126 (1.4%)

35 (4.5%)
149 (1.7%)

39 (1.2%)
144 (2.3%)

164 (1.8%)
21 (1.8%)

11 (14.1%)

118 (1.6%)
78 (2.7%)

15 (13.9%)

10,218 (98.1%)
<0.001
3,836 (97.8%)
3,694 (99.4%)
1,850 (98.0%)
257 (98.9%)
446 (94.9%)
135 (85.4%)
<0.001
1,051 (99.7%)
4,534 (99.0%)
3,933 (96.8%)
676 (98.1%)
24 (100%)
0.01
755 (96.9%)
9,463 (98.2%)
0.897
757 (98.1%)
9,461 (98.1%) <0.001

672 (92.6%)
8.543 (98.6%)

<0.001
749 (95.5%)
8,703 (98.3%)

<0.001
3,341 (98.9%)
6,037 (97.7%)

<0.001
8,995 (98.2%)
1,151 (98.2%)
67 (85.9%)

<0.001
7,462 (98.4%)
2,756 (97.3%)

<0.001
93 (86.1%)
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Naloxone co-prescribed

Naloxone not co-prescribed  p-

N= (%) N= (%) value
Cardiothoracic 10 (1.8%) 535 (98.2%)
General Surgery 88 (2.7%) 3,434 (97.3%)
Otolaryngology 30 (1.5%) 1,958 (98.5%)
Plastics 19 (1.7%) 1,134 (98.3%)
Transplant 2 (0.7%) 295 (99.3%)
Urology 29 (1.3%) 2,148 (98.7%)
Vascular 3(0.5%) 621 (99.5%)

Page 15

Row percentages are reported here to allow for comparison of the primary study outcome. MME=Morphine milligram equivalent; ASA=American

Society of Anesthesiology.
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Table 4

Multivariable logistic regression of the patient-level (demographic and clinical) and surgery-level
characteristics associated with naloxone co-prescription.

Patient and surgery-level characteristics OR (95% CI)

P-value

Prescribed opioid dosage
0 MME (Reference)

1-75 MME

76-150 MME

151-200 MME

201-350 MME

>350 MME

Illicit drug use

Yes

Ethnicity

Hispanic/Latino

Specialty

General Surgery (Reference)
Burn

Cardiothoracic
Otolaryngology

Plastics

Transplant

Urology

Vascular

ASA score’

1 (Reference)

2

3

4

5

Active tobacco use
Yes

Active alcohol use
Yes

Surgery Urgency
Elective (Reference)
Urgent

Emergent

0.22 (0.13-0.39)
0.72 (0.44-1.18)
0.45 (0.10-1.98)
1.64 (0.86-3.12)
4.7 (1.68-13.00)

3.51 (1.94-6.34)

2.57 (1.24-5.35)

2.90 (1.01-8.30)
2.34 (0.84-6.49)
0.35 (0.12-1.06)
0.65 (0.31-1.37)
0.49 (0.26-0.93)
0.21 (0.03-1.45)
0.56 (0.30-1.05)
0.05 (0.007-0.36)

4,55 (1.11-18.68)
12.77 (2.98-54.80)
9.51 (1.84-49.12)

1.87 (1.02-3.43)

0.50 (0.30-0.82)

0.92 (0.51-1.69)
8.25 (2.55-26.62)

<0.001
0.19
0.29
0.13
0.003

<0.001

0.011

0.047
0.10
0.062
0.26
0.03
0.11
0.07
0.003

0.04
0.001
0.007

0.007

0.80
<0.001

Page 16

MME=Morphine milligram equivalent; OR=0dds ratio, 95% CI= 5% confidence interval. Included in the model but not shown (as none were
statistically significant predictors) are age, gender, race, home rurality, and cardiac and respiratory co-morbidities. The model is also adjusted for
clustering by individual surgeons. t: There was little variation in this variable to estimate the effect on receiving naloxone co-prescriptions for

ASA=5.
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