
British Journal of Anaesthesia, 124 (3): 281e291 (2020)

doi: 10.1016/j.bja.2019.12.006

Advance Access Publication Date: 27 January 2020

Pain
P A I N

Evaluation of opioid discontinuation after non-orthopaedic surgery
among chronic opioid users: a population-based cohort study

Naheed K. Jivraj1,2,8,*, Damon C. Scales2,3,4,5,6,8, Tara Gomes2,5,8, Jennifer Bethell6, Andrea Hill4,6,

Ruxandra Pinto4, Duminda N. Wijeysundera2,7,8 and Hannah Wunsch3,4,6,8

1Department of Anaesthesiology and Pain Medicine, University of Toronto, Toronto, ON, Canada, 2Institute of Health

Policy Management and Evaluation, Toronto, ON, Canada, 3Interdepartmental Division of Critical Care Medicine,

University of Toronto, Toronto, ON, Canada, 4Department of Critical Care Medicine, Sunnybrook Health Sciences Centre,

Toronto, ON, Canada, 5Li Ka Shing Knowledge Institute, St. Michael’s Hospital, Toronto, ON, Canada, 6Sunnybrook

Research Institute, Toronto, ON, Canada, 7Department of Anaesthesia and Li Ka Shing Knowledge Institute, St. Michael’s

Hospital, Toronto, ON, Canada and 8ICES, Toronto, ON, Canada

*Corresponding author. E-mail: naheed.jivraj@mail.utoronto.ca
Abstract

Background: Many patients use opioids chronically before surgery; it is unclear if surgery alters the likelihood of ongoing

opioid consumption in these patients.

Methods: We performed a population-based matched cohort study of adults in Ontario, Canada undergoing one of 16

non-orthopaedic surgical procedures and who were chronically using opioids, defined as (1) an opioid prescription that

overlapped the index date and (2) either a total of 120 or more cumulative calendar days of filled opioid prescriptions, or

10 or more prescriptions filled in the prior year. Each surgical patient was matched based on age, sex, Charlson co-

morbidity index, and daily preoperative opioid dose to three non-surgical patients who were also chronic opioid users.

The primary outcome was time to opioid discontinuation.

Results: The cohort included 4755 surgical and 14 265 matched non-surgical patients. After adjustment for sociodemo-

graphic characteristics and comorbidities, surgery was associated with an increased likelihood of opioid discontinuation

(adjusted hazard ratio: 1.34, 95% confidence interval [CI]: 1.27, 1.42). Among surgical patients, factors associated with a

reduced odds of discontinuation included a mean preoperative opioid dose above 90 morphine milligram equivalents

(adjusted odds ratio [aOR]: 0.39; 95% CI: 0.32, 0.49) or filling a prescription for oxycodone (aOR: 0.73; 95% CI: 0.56, 0.98).

Receipt of an in-patient Acute Pain Service consultation (aOR: 1.34; 95% CI: 1.06, 1.69) or residing in the highest neigh-

bourhood income quintile (aOR: 1.35; 95% CI: 1.04, 1.79) were associated with a greater odds of opioid discontinuation.

Conclusions: For chronic opioid users, surgery was associated with an increased likelihood of discontinuation of opioids

in the following year compared with non-surgical chronic opioid users.
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Editor’s key points

� There has been concern that continued opioid pre-

scribing after surgery may contribute to increased risk

of long-term use. For patients on opioids before oper-

ation, the effect of surgery on the likelihood of

continuing on long-term opioids is not known.

� This matched cohort study of >18 000 patients found

that undergoing surgery (36.6%) compared with no

surgery (29%) was associated with an increased chance

of stopping opioid use within 1 year.

� Factors associated with a decreased chance of stopping

included higher daily morphine equivalent doses

before operation and oxycodone use, while input from

an acute pain service was associated with an increased

chance of stopping.

� Further work to explore these factors may be useful

in developing interventions to support opioid

discontinuation.
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Perioperative use of opioids is now a global concern, but the

majority of this focus has been on postoperative prescribing.1

North Americans consume two-thirds of opioids globally,

achieving the highest per capita prescribing in the world as of

2014.2 As a result, a significant proportion of patients pre-

senting for surgery may have a history of prescription opioid

use.3e5

While many studies have investigated the association be-

tween preoperative opioid use and postoperative morbidity,

mortality, and healthcare utilisation,6e10 major evidence gaps

still persist. For instance, it is unknownwhether surgery alters

the trajectory of ongoing opioid consumption among chronic

opioid users over the longer term. Surgical patients may be

more likely to discontinue opioids if surgery treated their

chronic pain or provided an opportunity for health practi-

tioners to coordinate efforts to reduce opioid use. Conversely,

it is conceivable that an acute, painful event, such as surgery,

may lead to continued chronic opioid use. This may be

because of excess opioid prescribing in the perioperative

period11,12 or a reduced tolerance to poorly controlled surgical

pain in chronic opioid users.13

We therefore sought to determine the prevalence of

chronic opioid use at the time of surgery, and to assess the

relationship between surgery and opioid discontinuation in

the year after surgery among chronic opioid users. We evalu-

ated chronic opioid users undergoing surgical procedures not

primarily indicated to reduce chronic pain and hypothesised

that these patients were less likely to discontinue opioids in

the year of follow-up compared with chronic opioid users in

the general population. Finally, we sought to identify factors

associated with opioid discontinuation among surgical

patients.
Methods

Study design and data sources

After approval by Sunnybrook Health Sciences Centre

Research Ethics Board (Toronto, Ontario, Canada), we per-

formed a population-based, matched, retrospective cohort

study using linked health administrative data at ICES in

Ontario, Canada. For details of datasets and their validation,
see Supplementary Methods. These datasets were linked us-

ing unique encoded identifiers and analysed at ICES. All

Ontario residents, approximately 14 million individuals,

obtain their healthcare services from a single payer and pro-

vider. Each individual is assigned a unique health card number

which is captured in administrative databases at all health-

care encounters. Encrypted into a unique encoded identifier to

maintain patient privacy, the health card number permits

linkage deterministically across provincial and national health

administrative databases. These databases have high linkage

rates, little missing information, and are regularly used in

health services research.14e16
Exposure definition

Surgical patient cohort

The exposed surgical cohort was defined as patients un-

dergoing one of 18 surgical procedures between July 1, 2013

and March 31, 2016 (see Supplementary Table S1 for surgical

procedures). These procedures were chosen as they are

frequently performed17 and they have been previously used

to evaluate postoperative opioid consumption in opioid-

naı̈ve patients.18 Orthopaedic procedures were excluded as

these often have treatment pathways that include rehabili-

tation and pain management. This list was ultimately

reduced to 16 procedures because of small numbers of pa-

tients undergoing open gastric bypass repair and gastro-

esophageal reflux surgery. The index date for surgical

patients was defined as the date of admission (inpatient

surgery) or the date of surgery (outpatient surgery). A look-

back window of 1 yr before the index date was used to

evaluate opioid use, and to identify baseline and clinical

characteristics.

We restricted the cohort to chronic opioid users who were

at least 18 yr of age. Chronic opioid use was defined as having

been done previously as (1) an opioid prescription that over-

laps the index date and (2) either a total of 120 or more cu-

mulative calendar days of filled opioid prescriptions or 10 or

more prescriptions filled in the year before surgery.19,20 Oral

formulations, buccal strips, and transdermal patches of the

most commonly prescribed outpatient opioids were

included.21

We excluded patients if they had any surgical procedure in

the year before the index date, or were dispensed methadone

or buprenorphine in the year before the index date, as these

are often used in the management of opioid use disorder.22

Patients were also excluded if they received palliative care in

the year before the index date, as their opioid use may be for

end-of-life care.23
Comparison cohort

We assembled a cohort of non-surgical chronic opioid users to

measure the natural rate of opioid discontinuation in the

general population that may occur because of pain resolution,

the side-effect profile of opioids, patient concerns about opioid

use disorder, or physician intervention.24

Patients in this comparison cohort were first identified by

having been dispensed at least one eligible opioid in the

recruitment period. Consistent with previous research,18,25 we

then randomly assigned an index date within the recruitment

period that matched the distribution of index dates for the

surgical cohort. Next, we restricted this cohort to patients who

met the same definition of chronic opioid use as with our



Table 1 Characteristics of surgical and non-surgical cohorts before and after matching.

Overall cohort Matched cohort

Non-
surgical
N¼158 475

Surgical
N¼4755

Standardised
difference

Non-
surgical

N¼14 265

Surgical
N¼4755

Standardised
difference

Age, median (IQR) 58 (50-70) 55 (46-64) 0.29 55 (46-64) 55 (46-64) 0
Female sex, n (%) 85 793 (54.1) 3207 (67.4) 0.28 9621 (67.4) 3207 (67.4) 0
Charlson category,* n (%)
No hospitalisation 106 032

(66.9)
3036 (63.8) 0.06 9108 (63.8) 3036 (63.8) 0

0 26 493 (16.7) 1013 (21.3) 0.12 3039 (21.3) 1013 (21.3) 0
1 11 868 (7.5) 366 (7.7) 0.01 1098 (7.7) 366 (7.7) 0
�2 14 082 (8.9) 340 (7.2) 0.06 1020 (7.2) 340 (7.2) 0

Comorbidities, n (%)
Rheumatoid arthritis 6774 (4.3) 217 (4.6) 0.01 648 (4.5) 217 (4.6) 0
Asthma 16 500 (10.4) 581 (12.2) 0.06 1616 (11.3) 581 (12.2) 0.03
Cancer diagnosis 13 942 (8.8) 406 (8.5) 0.01 1065 (7.5) 406 (8.5) 0.04
Congestive heart failure 11 255 (7.1) 219 (4.6) 0.11 711 (5.0) 219 (4.6) 0.02
COPD 44 255 (27.9) 1193 (25.1) 0.06 3799 (26.6) 1193 (25.1) 0.04
Dementia 11 863 (7.5) 85 (1.8) 0.27 506 (3.5) 85 (1.8) 0.11
Diabetes mellitus 41 090 (25.9) 1269 (26.7) 0.02 3426 (24.0) 1269 (26.7) 0.06
Hypertension 83 526 (52.7) 2442 (51.4) 0.03 6580 (46.1) 2442 (51.4) 0.1
Prior myocardial infarct 6537 (4.1) 103 (2.2) 0.11 432 (3.0) 103 (2.2) 0.05
Psychiatric diagnosis 42 265 (26.7) 1520 (32.0) 0.12 4425 (31.0) 1520 (32.0) 0.02

Physician service claims,y

median (IQR)
37 (19e65) 51 (31e80) 0.43 36 (18e61) 51 (31e80) 0.47

Neighbourhood income
quintile, n (%)
1 (lowest) 43 301 (27.3) 1235 (26.0) 0.03 4084 (28.6) 1235 (26.0) 0.06
2 35 137 (22.2) 1002 (21.1) 0.03 3253 (22.8) 1,002 (21.1) 0.04
3 30 765 (19.4) 1020 (21.5) 0.05 2700 (18.9) 1020 (21.5) 0.06
4 27 454 (17.3) 808 (17.0) 0.01 2411 (16.9) 808 (17.0) 0
5 (highest) 21 818 (13.8) 690 (14.5) 0.02 1817 (12.7) 690 (14.5) 0.05

Rural residence, n (%) 25 661 (16.2) 834 (17.5) 0.04 2286 (16.0) 834 (17.5) 0.04
Ontario Marginalization
Index,z median (IQR)

3 (3e4) 3 (3e4) 0.12 3 (3e4) 3 (3e4) 0.10

Preoperative drug use,¶ n (%)
Barbiturate 492 (0.3) 12 (0.3) 0.01 41 (0.3) 12 (0.3) 0.01
Benzodiazepine 57 060 (36.0) 1837 (38.6) 0.05 5517 (38.7) 1837 (38.6) 0

Pre-operative diagnosis,x n (%)
Opioid overdose 49 (0.0) �5 0.01 �5 �5 0.01
Non-opioid overdose 98 (0.1) 7 (0.1) 0.03 10 (0.1) 7 (0.1) 0.02

Preoperative opioid dose
(MME),jj n (%)
0e25 61 273 (38.7) 1719 (36.2) 0.05 5157 (36.2) 1719 (36.2) 0
25e50 37 846 (23.9) 1185 (24.9) 0.02 3555 (24.9) 1185 (24.9) 0
50e75 15 036 (9.5) 524 (11.0) 0.05 1572 (11.0) 524 (11.0) 0
75e100 8576 (5.4) 253 (5.3) 0 759 (5.3) 253 (5.3) 0
100e1000 34 525 (21.8) 1039 (21.9) 0 3130 (21.9) 1039 (21.9) 0
>1000 1219 (0.8) 35 (0.7) 0 92 (0.6) 35 (0.7) 0.01

Primary opioid medication,#

n (%)
Codeine 40 801 (25.7) 1116 (23.5) 0.05 3523 (24.7) 1116 (23.5) 0.03
Fentanyl 11 467 (7.2) 323 (6.8) 0.02 910 (6.4) 323 (6.8) 0.02
Hydromorphone 22 434 (14.2) 530 (11.1) 0.09 1892 (13.3) 530 (11.1) 0.06
Meperidine 387 (0.2) 17 (0.4) 0.02 38 (0.3) 17 (0.4) 0.02
Morphine 12 044 (7.6) 404 (8.5) 0.03 1104 (7.7) 404 (8.5) 0.03
Oxycodone 60 928 (38.4) 1967 (41.4) 0 5757 (40.4) 1967 (41.4) 0.02
Tramadol 9800 (6.2) 375 (7.9) 0.07 994 (7.0) 375 (7.9) 0.04
Cough medication** 614 (0.4) 23 (0.5) 0.01 47 (0.3) 23 (0.5) 0.02

COPD, chronic obstructive pulmonary disease; MME, morphine milligram equivalent.
* Deyo Method,66 a 5-yr lookback period from the index date was used to calculate the Charlson score.
y Defined as the number of Ontario Health Insurance Plan claims where a physician billing code was used in the year before the index date.
z Defined by Matheson and colleagues.67
¶ Defined as one or more prescription(s) filled in the year before the index date.
x A 1-yr lookback period was used to identify overdoses.
jj Defined as the average daily dose (MME) of all prescriptions overlapping the day before the index date.
# Defined as the medication contributing the greatest proportion of the average daily MME dose on the day before surgery.
** Defined as medications primarily used as antitussives and which most commonly contain either hydrocodone or codeine.
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surgical patient cohort and did not have a surgical procedure

in the year before this index date. Both surgical and non-

surgical patients had to meet the same exclusion criteria.

To mitigate differences between the two groups, surgical

patients were then matched to three non-surgical patients on

sex, age (within 5 yr), Charlson comorbidity score (four cate-

gories: no hospitalisations, 0, 1, or �2), and mean daily opioid

dose category (>0e25, 26e50, 51e75, 76e100, 100e1000, >1000
morphine milligram equivalents; MMEs) on the day before the

index date, using greedy nearest neighbour matching.26 MMEs

were calculated using methods described previously.27e29

Although matched analyses may force the analysis of a non-

representative sample, they enabled us to compare patients

with similar characteristics who were likely to be eligible for

surgery. We chose to include a higher number of non-surgical

patients to improve the precision of our estimates; however,

we limited the number of non-surgical patients to three to

minimise the risk of matching each surgical patient to

increasingly dissimilar controls.30
Outcomes

The primary outcome was the time to discontinuation of

opioids. We defined discontinuation as the greater of the

following two options: (1) opioid-free for twice the duration of

the previous prescription or (2) a minimum grace period of 30

opioid-free days. We calculated time to discontinuation as the

number of days from the start of the follow-up period to the

last day of the last opioid prescription dispensed before

discontinuation. The start of the follow-up period was defined

as one of: (1) the date of discharge from index hospitalisation

(inpatient surgery), (2) the date of surgery (outpatient surgery),

or (3) the index date (non-surgical cohort).

As a secondary analysis, we sought to identify factors

associated with opioid discontinuation at any point in the year

after surgery. Therefore, the outcome of interest was a binary

outcome of discontinuation of opioids at any time in the year,

as defined above.

While we excluded patients prescribed methadone or

buprenorphine before the index date, prescriptions for these

medications in the follow-up period were included, as this

prevented misclassification of these patients as having dis-

continued opioids. Similarly, to ensure that patients with

leftover opioids from a prescription dispensed before the in-

dex date were not misclassified as having discontinued, the

last pre-index date prescription for each patient was evalu-

ated. Patients were given the longer of (1) their remaining days

supplied or (2) 30 days to fill their first prescription after

operation. For details, see Supplementary Figure S1.
Other covariates and risk factors for continued opioid
use

Risk factors for continued chronic opioid use were included

based on both biologic plausibility and previous literature.31e34

For details, see Supplementary Methods.
Statistical analyses

We compared the baseline characteristics of surgical and non-

surgical groups before and after matching using standardised

differences, which, relative to tests of significance, are often

less sensitive to large sample sizes.35 We considered a stand-

ardised difference of greater than 0.10 to represent a
meaningful covariate imbalance between two groups.35 As

less than 0.1% of patients had missing data, complete case

analyses were performed for all comparisons.

We compared the time to discontinuation of opioids be-

tween the surgical and non-surgical groups using a

KaplaneMeier model. We used Cox proportional hazards

regression modelling to estimate the adjusted hazard ratio

(aHR) for time to discontinuation of opioids within the year

after the index date. To account for the correlation within

matched groups, we used a marginal Cox model with robust

sandwich covariance matrix, adjusting for covariates.36,37 Pa-

tients were right censored at the earlier of death, at 365 days of

follow-up, or at the end of the study follow-up period set as

March 31, 2017. We included the following patient character-

istics in each model: rural status, neighbourhood income

quintile, number of physician claims in the year before the

index date, Ontario Marginalization Index, rheumatoid

arthritis, asthma, cancer, heart failure, chronic obstructive

pulmonary disease (COPD), dementia, diabetes, hypertension,

myocardial infarction, and preoperative benzodiazepine use.

As patients were matched on age, sex, Charlson comorbidity

category, and preoperative opioid dose category, these were

not included in the model.38,39 We then stratified, by surgery

type, where patients undergoing the procedure and only their

matched controls were included in the model. The propor-

tional hazards assumption was verified using a time-

dependent exposure covariate and by inspection of log-log

survival curves. Finally, we calculated the aHR for opioid

discontinuation in surgical vs non-surgical patients for each

consecutive 30-day period in the year of follow-up.

As a secondary analysis, we examined the association be-

tween specific factors and opioid discontinuation after sur-

gery. We performed a regression using generalised estimating

equation models with a binomial distribution and logit link

function on the surgical cohort alone (without the comparison

cohort). These models allowed estimation of the odds of

discontinuation within the year after surgery, accounting for

hospital-level clustering. While controlling for the variables in

Table 1, we evaluated specific risk factors including: age (>65
yr), sex, neighbourhood income quintile, rural dwelling, pre-

operative benzodiazepine use, surgery type, primary opioid

type, receipt of an acute pain services consultation, teaching

hospital status, and opioid dose on the day before surgery.

These covariates were chosen because they have been shown

to be associated with either chronic opioid use or opioid

discontinuation.31e34
Sensitivity analyses

We performed multiple sensitivity analyses to evaluate the

effect of matching, and the potential misclassification of pa-

tients with our outcome definitions of time to opioid discon-

tinuation and opioid discontinuation in the year after surgery.

For details, see Supplementary Methods.

All analyses were conducted using SAS software (Enter-

prise Edition, Version 9.4, SAS Institute Inc., Cary, NC, USA).
Results

Of the 152 462 surgical patients who had one of 16 surgical

procedures, 4755 (3.1%) were chronic opioid users before sur-

gery (Table 1). These patients were matched to 14 265 non-

surgical patients with chronic opioid use (see Supplementary

Fig. S2 for flow diagram).



Fig 1. KaplaneMeier curves depicting time-to-discontinuation of opioids. Survival curves represent time to discontinuation of opioids in

the surgical (red) and non-surgical (blue) groups. Listed at the bottom of the figure are the number susceptible for discontinuation of

opioids in the surgical (SURG) and non-surgical (NONS) groups.
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Rates of discontinuation of opioids

Overall, surgical patients (36.6%) were more likely than non-

surgical individuals (29.0%) to discontinue opioids within 1 yr

of follow-up (Fig. 1; unadjusted HR: 1.38; 95% CI 1.30, 1.46); this

difference remained significant after adjustment for available

covariates (aHR: 1.34; 95% CI: 1.27, 1.42, see Supplementary

Table S2 for full model). The results remained qualitatively

unchanged after multiple sensitivity analyses (Table 2). Rela-

tive to their matched non-surgical controls in analyses

restricted to specific procedures, patients undergoing laparo-

scopic cholecystectomy (aHR: 1.45; 95% CI: 1.28, 1.64), varicose

vein stripping (aHR: 1.60; 95% CI: 1.08, 2.38), laparoscopic

gastric bypass (aHR: 2.03; 95% CI: 1.63, 2.52), carpal tunnel

release (aHR: 1.21; 95% CI: 1.08, 1.37), hysterectomy (aHR: 1.42;

95% CI: 1.24, 1.64), and laparoscopic colectomy (aHR: 1.97; 95%

CI: 1.44, 2.70) were more likely to discontinue opioids during

the follow-up period (see Supplementary Fig. S3).

The association between surgery and opioid discontinua-

tion varied significantly by time (Fig. 2; time-dependent co-

variate P-value: P<0.001). Surgery was associated with the

greatest hazard of discontinuation at Day 60 (aHR: 25.1; 95% CI

23.4, 26.9). After Day 270, surgical patients who continued to be

prescribed opioids were less likely to discontinue opioids than

those in the general population (aHR: 0.73; 95% CI 0.67, 0.79;

see Supplementary Table S3 for full table).
Factors associated with opioid discontinuation among
surgical patients

Relative to laparoscopic appendectomy, laparoscopic gastric

bypass was the only procedure associated with increased odds

of opioid discontinuation within 1 yr of follow-up (aOR: 1.63;
95% CI: 1.19, 2.23; Fig. 3 and Table 3). Of patient factors

assessed, opioid dose on the day before the index date had the

strongest association with discontinuation, with high opioid

dose (>90 MME) associated with lower odds (aOR: 0.39; 95% CI:

0.31, 0.49) (Table 3). While sex was not associated with opioid

discontinuation (aOR: 1.11; 95% CI: 0.97, 1.26), age >65 yr was

associated with increased odds of discontinuation (aOR: 1.42;

95% CI: 1.19, 1.68). Relative to morphine, oxycodone dispensed

on the day before surgery was associated with a lower likeli-

hood of discontinuation (aOR: 0.74; 95% CI: 0.55, 0.98), while a

prescription for codeine (aOR: 1.82; 95% CI: 1.33, 2.49), trama-

dol (aOR: 2.32; 95% CI: 1.58, 3.41), or cough-related medications

(aOR 4.44; 95% CI: 1.76, 11.19) were associated with greater

odds of discontinuation. The majority of measured comor-

bidities were not associated with opioid cessation; however, a

diagnosis of COPD (aOR: 0.75; 95% CI: 0.64, 0.88) or dementia

(aOR: 0.58; 95% CI: 0.37, 0.91) was associated with reduced odds

of discontinuation. Relative to individuals in the lowest

neighbourhood income quintile, those in the highest (aOR:

1.35; 95% CI: 1.04, 1.79) and second highest income quintiles

(aOR: 1.41; 95% CI: 1.14, 1.76) were more likely to discontinue

opioids. Finally, receipt of an inpatient Acute Pain Service

consult was associatedwith increased odds of discontinuation

(aOR: 1.34; 95% CI: 1.06, 1.69). The results remained qualita-

tively similar after excluding the 70 (1.5%) surgical patients

who died within the year of follow-up (see Supplementary

Table S4 for full model).
Discussion

Relative to a control group of non-surgical chronic opioid

users, we found that chronic opioid users undergoing surgery



Table 2 Adjusted association between surgery and time to discontinuation, including sensitivity analyses.

Total surgical
patients, n

Surgical patients
discontinued, n (%)

Total non-
surgical
individuals, n

Non-surgical
individuals
discontinued, n (%)

Adjusted hazard ratio
for surgery (95% CI)*

Primary (matched
cohort) analysisy

4755 1738 (36.5) 14 265 4137 (29.0) 1.34 (1.27, 1.42)

Unmatched cohort
analysisz

4755 1738 (36.5) 158 475 46 948 (29.6) 1.34 (1.28, 1.41)

90-day definition of
opioid
discontinuation¶

4755 803 (16.9) 14 265 1953 (13.6) 1.25 (1.15, 1.36)

Length of hospital
stay <7 daysx

4537 1635 (36.0) 13 611 3918 (28.8) 1.22 (1.12, 1.33)

CI, confidence interval.
* All models control for the number of physicians seen in the year before the index date, a composite measure of marginalisation, neighbourhood

income quintile, rural residence, and all comorbidities listed in Table 1. The Unmatched Cohort Analysis also includes variables for age, sex, Charlson
comorbidity category, and average opioid dose on the day before the index date.

y The entire surgical cohort relative to the matched non-surgical patients. Clustering within matched groups was accounted for in adjusted analysis.
Complete model data are available in Supplementary Table S2.

z The entire surgical cohort relative to all non-surgical patients.
¶ Changing the primary outcome (discontinuation) to allow for a minimum grace period of 90 opioid-free days. Clustering withinmatched groups was

accounted for in this adjusted analysis.
x Including only surgical patients with hospital length of stay of less than 7 days and their matched controls. Clustering within matched groups was

accounted for in adjusted analysis.
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were more likely to discontinue opioids, with a shorter time to

discontinuation, in the year of follow-up. This increased like-

lihood of discontinuation was restricted to the early period

after surgery. Surgical patients who were susceptible to dis-

continue opioids may have done so within 270 days after

surgery.40 After this point, the remaining surgical patients
Fig 2. Stratified hazard ratio (solid line) and 95% point-wise confiden

surgical vs non-surgical patients per 30 days. The horizontal line at 1
were less likely to discontinue opioids than those in the gen-

eral population.

These findings were contrary to our hypothesis that sur-

gical patients would be less likely than non-surgical in-

dividuals to discontinue opioids for the entire follow-up

period. The increased likelihood of opioid discontinuation
ce bands (dashed lines) for time-to-discontinuation of opioids in

indicates no difference in likelihood of opioid discontinuation.



Fig 3. Adjusted analyses evaluating the association between surgery type and discontinuation of opioids in the year after discharge among

chronic opioid users in Ontario. CI, confidence interval; TURP, transurethral resection of prostate.
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early after surgery may be attributable to a variety of factors.

Similar to other chronic diseases, such as smoking cessation,41

it is possible that surgery represents an acute life-altering

event, where a variety of interventions happen that may

encourage discontinuation or treatment compliance. A recent

study identified that discontinuation is almost always driven

by physicians.24 Although this requires further investigation,

it is possible that the perioperative period provides an oppor-

tunity for physicians to facilitate opioid discontinuation.

Indeed, the association between receipt of acute pain services

and discontinuation may be a marker of better teaching with

respect to opioid management. Many physicians could be part

of a team in this perioperative period, including the surgeon,

anaesthesiologist, or pain specialist; while anaesthesiology

societies have advocated for a larger role in the perioperative

care of patients,42 the best model of caregivers to facilitate

interventions and teaching remains to be elucidated.

The procedures we chose were similar to those described

by Brummett and colleagues18 in their evaluation of opioid use

after surgery among opioid-naı̈ve patients. They demon-

strated that the rate of new persistent opioid use was largely

similar between minor and major surgery (6.5% and 5.9%,

respectively). Our findings and those of Brummett and col-

leagues18 highlight that perhaps opioid consumption after

surgery may not be the consequence of the severity of surgery.

Indeed, if this were the case then major surgical procedures,

which are often considered more painful, would be associated

with a lower rate of opioid discontinuation. However, relative

to laparoscopic appendectomy, only laparoscopic gastric

bypass was associated with discontinuation of opioids in our

adjusted analysis of surgical patients. Similarly, while surgical

patients may be discontinuing opioids because surgery pro-

vided relief from pain, patients who had procedures that may

be indicated to reduce pain, such as carpal tunnel release or
haemorrhoidectomy, were just as likely to discontinue opioids

as those with other surgical presentations.

We identified the characteristics of patients at high risk for

continuing opioids in the year after surgery. Among comor-

bidities, COPD and dementia were strongly associated with

continued opioid use. In Ontario, more than 70% of older pa-

tients with COPD use opioids for chronic muscle pain,

insomnia, or persistent cough,43 despite being associated with

severe respiratory44 and cardiac45 morbidity and mortality. In

Denmark, opioid use was notably higher in older patients with

dementia when compared with older patients without de-

mentia,46 as opioidsmay be used for end-of-life-care or to treat

behavioural symptoms in this population.47 The development

of multidisciplinary programs, such as a transitional pain

service, tomanage the biopsychosocial aspects of chronic pain

after surgery, may help to address the postoperative needs of

high-risk patients.48e50 We also found that preoperative opioid

dose was the strongest predictor of opioid discontinuation in

the year after surgery. An interdisciplinary approach to pre-

operative opioid reduction has been proposed, which ad-

dresses both the high burden of physical and mental illness in

this population.51 Moreover, relative to morphine, patients

primarily filling prescriptions for oxycodone were less likely to

discontinue opioids. Oxycodone may be more amenable to

opioid abuse because of a low subjective side-effect profile and

high likeability, defined as positive subjective psychoactive

effects.52 We also identified that patients residing in lower

neighbourhood income quintiles were less likely to discon-

tinue opioids. This finding is consistent with prior research

demonstrating the concentration of the opioid epidemic in

low-income areas, and the high associated rate of opioid-

related harm in this population.53,54 As such, when planning

future opioid-related public health interventions, policy-

makers should take into consideration health inequities.



Table 3 Adjusted analyses evaluating the association between
patient and hospital characteristics and discontinuation of
opioids in the year after discharge from surgery among sur-
gical chronic opioid users in Ontario (n¼4755).

Adjusted analysis*

Adjusted odds ratio
(95% CI)

P-
value

Surgery type
Laparoscopic
appendectomy

e

Varicose vein 1.30 (0.73, 2.31) 0.37
Open cholecystectomy 1.34 (0.72, 2.52) 0.36
Laparoscopic
cholecystectomy

1.09 (0.82, 1.45) 0.54

Open appendectomy 1.20 (0.67, 2.16) 0.54
Haemorrhoidectomy 0.94 (0.67, 1.34) 0.74
Thyroidectomy 0.66 (0.36, 1.23) 0.19
Carpal tunnel release 0.90 (0.67, 1.20) 0.45
Hysterectomy 1.05 (0.78, 1.42) 0.73
Laparoscopic colectomy 1.18 (0.75, 1.85) 0.48
Open colectomy 0.60 (0.31, 1.16) 0.12
Laparoscopic
ventral hernia

1.02 (0.60, 1.71) 0.95

Open ventral hernia 0.99 (0.70, 1.42) 0.97
Laparoscopic
gastric bypass

1.63 (1.19, 2.23) 0.002

TURP 1.10 (0.71, 1.71) 0.66
Parathyroid 0.73 (0.36, 1.49) 0.38

Age >65 yr 1.42 (1.19, 1.68) <0.001
Female sex 1.11 (0.97, 1.26) 0.119
Charlson categoryy �2 0.84 (0.66, 1.18) 0.18
Comorbidities, n (%)
Rheumatoid arthritis 1.25 (0.90, 1.73) 0.19
Asthma 1.15 (0.95, 1.40) 0.16
Cancer diagnosis 1.09 (0.86, 1.38) 0.50
Heart failure 0.85 (0.59, 1.22) 0.39
COPD 0.75 (0.64, 0.88) <0.001
Dementia 0.58 (0.37, 0.91) 0.019
Diabetes mellitus 1.12 (0.97, 1.29) 0.129
Hypertension 0.96 (0.83, 1.12) 0.62
Prior myocardial infarct 1.02 (0.67, 1.56) 0.91
Psychiatric diagnosis 1.06 (0.93, 1.22) 0.38

Specialist visitsz 1.00 (1.00, 1.00) 0.007
Neighbourhood
income quintile
1 (lowest) e

2 1.10 (0.90, 1.33) 0.35
3 0.98 (0.79, 1.21) 0.83
4 1.41 (1.14, 1.76) <0.001
5 (highest) 1.35 (1.04, 1.76) 0.024

Ontario marginalization
index¶

0.99 (0.96, 1.01) 0.49

Rural residence 1.03 (0.89, 1.20) 0.66
Preoperative drug usex

Benzodiazepine 0.97 (0.85, 1.10) 0.61
Preoperative opioid dosejj

>90 MME 0.39 (0.31, 0.49) <0.001
Primary opioid medication#

Morphine e

Oxycodone 0.74 (0.55, 0.98) 0.041
Fentanyl 1.37 (0.93, 2.03) 0.112
Hydromorphone 1.16 (0.86, 1.58) 0.33
Codeine 1.82 (1.33, 2.49) <0.001
Tramadol 2.32 (1.58, 3.41) <0.001
Cough medication** 4.44 (1.76, 11.20) 0.002
Meperidine 1.92 (0.64, 5.78) 0.25

Length of stay >7 days 1.27 (0.92, 1.77) 0.15
Year of surgery
2013 e

Continued

Table 3 Continued

Adjusted analysis*

Adjusted odds ratio
(95% CI)

P-
value

2014 1.19 (0.99, 1.43) 0.059
2015 0.99 (0.83, 1.19) 0.95
2016 1.18 (0.93, 1.50) 0.180

Acute pain services during
hospitalisation

1.34 (1.06, 1.70) 0.011

Teaching hospital 1.12 (0.96, 1.31) 0.142

COPD, chronic obstructive pulmonary disease; MME, morphinemilligram
equivalent; SD, standard deviation; TURP, transurethral resection of
prostate.

* Generalised estimating equations evaluated the association between
specific variables and discontinuation of opioids in the year of discharge
from surgery among chronic opioid users in Ontario, while accounting for
hospital-level clustering. The dependent variable was discontinuation
within 1 year of follow-up.

y DeyoMethod,66 a5-year lookback period from the index datewas used
to calculate the Charlson score.

z Defined as the number of visits where a specialist billing code was
used in the year before the index date.

¶ Defined by Matheson and colleagues.67
x Defined as one or more prescription(s) filled in the year before the

index date.
jj Defined as the average daily dose (MME) of all prescriptions over-

lapping the day before the index date.
# Defined as the medication contributing the greatest proportion of the

average daily MME dose on the day before surgery.
** Defined as medications primarily used as antitussives and most

commonly contain either hydrocodone or codeine.
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Finally, the receipt of acute pain services may be associated

with an increased likelihood of discontinuation. Although

nerve blockade may not be associated with a reduced likeli-

hood of chronic opioid use in patients undergoing total knee5

or shoulder4 arthroplasty, a multifaceted approach to opioid

management that involves bundled care pathways, patient

and provider education, or hospital-specific prescribing

guidelines, have shown promise in opioid-naı̈ve

populations.55e58

This study builds on the current literature in several ways.

While the incidence of chronic or persistent opioid use after

surgery among opioid-naı̈ve patients has been extensively

addressed,18,25,32,59,60 this study provides key information on

opioid use after surgery among the chronic opioid use popu-

lation. Furthermore, the research that has been performed in

chronic opioid users presenting for surgery has been limited to

specific populations in the USA such as veterans, or those who

are insured by specific insurance plans.61,62 This study

included all patients in a large Canadian population, irre-

spective of age or insurance status. Similarly, previous studies

that evaluated opioid discontinuation in surgical cohorts

typically have not considered the baseline likelihood of opioid

discontinuation in the general population.61e63 We were able

to address this issue and use non-surgical individuals who use

opioids chronically in the general population as a reference

group.

This study also has limitations. While we attempted to

account for measured differences between the surgical and

non-surgical cohorts, we cannot exclude the possibility that

the association we describe is the result of unmeasured con-

founding. For instance, surgical patients may represent a

population with greater access to broader healthcare services
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and, hence, are more likely to be encouraged to discontinue

opioids. We used prescription claims data, which are accurate

at capturing medication dispensing; however, they cannot

capture actual opioid consumption, patient-reported out-

comes, pain, or the clinical indication for these prescriptions.

There is a rising concern that patients receiving long-term

prescription opioid therapy are being forced by physicians to

taper their opioids rapidly. This trendmay be the result of new

tapering guidelines, the growing concern about patients on

high-dose opioid therapy, and resulting stigma about patients

with opioid use disorder.64 Abrupt discontinuation can lead to

severe withdrawal, pain, loss of function, and may also be

associated with increased suicide risk in patients who use

opioids chronically.65 Our study was unable to determine

whether patients were forced to cease opioid consumption

abruptly by physicians; however, this would not represent an

improvement in patient care.
Conclusions

This population-based matched cohort study found surgery to

be associated with a decreased time to discontinuation of

opioids among chronic opioid users. Importantly, among

surgical patients, oxycodone use, higher opioid dose, COPD,

and dementia were associated with reduced odds of discon-

tinuation. Surgery and hospitalisation may offer an opportu-

nity to help work towards discontinuing opioids. Further

research is needed to evaluate whether preoperative opioid

weaning, in-hospital interventions, or postoperative transi-

tional pain services can influence opioid discontinuation,

particularly in high-risk patients.
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