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Abstract

Purpose Canadian seniors who undergo hip and knee

arthroplasty often experience significant postoperative

pain, which could result in persistent opioid use. We

aimed to document the impact of preoperative opioid use

and other characteristics on postoperative opioid

prescriptions in elderly patients following hip and knee

replacement before widespread dissemination of opioid

reduction strategies.

Methods We conducted a historical cohort study to

evaluate postoperative opioid use in patients over 65 yr

undergoing primary total hip and knee replacement over a

ten-year period from 1 April 2006 to 31 March 2016, using

linked de-identified Ontario administrative data. We

determined the use of preoperative opioids and the

duration of postoperative opioid prescriptions (short-term

[1–90 days], prolonged [91–180 days], chronic [181–365

days], or undocumented).

Results The study included 49,638 hip and 85,558 knee

replacement patients. Eighteen percent of hip and 21% of

knee replacement patients received an opioid prescription

within 90 days before surgery. Postoperatively, 51% of

patients filled opioid prescriptions for 1–90 days, while

24% of hip and 29% of knee replacement patients filled

prescriptions between 6 and 12 months, with no impact of

preoperative opioid use. Residence in long-term care was a

significant predictor of chronic opioid use (hip: odds ratio

[OR], 2.64; 95% confidence interval [CI], 1.93 to 3.59;

knee: OR, 2.46; 95% CI, 1.75 to 3.45); other risk factors

included female sex and increased comorbidities.

Conclusion Despite a main goal of joint arthroplasty

being relief of pain, seniors commonly remained on

postoperative opioids, even if not receiving opioids
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before surgery. Opioid reduction strategies need to be

implemented at the surgical, primary physician, long-term

care, and patient levels. These findings form a basis for

future investigations following implementation of opioid

reduction approaches.

Résumé

Objectif Les aı̂nés canadiens subissant une arthroplastie

de la hanche ou du genou éprouvent souvent une douleur

postopératoire importante, ce qui pourrait entraı̂ner la

consommation persistante d’opioı̈des. Nous avons cherché

à documenter l’impact d’une utilisation préopératoire

d’opioı̈des et d’autres caractéristiques sur les

prescriptions postopératoires d’opioı̈des chez les patients

âgés suivant un remplacement de hanche ou de genou

avant l’utilisation répandue de stratégies de réduction

d’opioı̈des.

Méthode Nous avons réalisé une étude de cohorte

historique pour évaluer la consommation postopératoire

d’opioı̈des chez les patients de plus de 65 ans subissant une

arthroplastie totale primaire de la hanche ou du genou sur

une période de dix ans du 1er avril 2006 au 31 mars 2016,

à l’aide de données administratives dépersonnalisées et

codées de l’Ontario. Nous avons déterminé la durée des

ordonnances préopératoires et postopératoires d’opioı̈des

(à court terme [1-90 jours], prolongées [91-180 jours],

chroniques [181-365 jours] ou non documentées).

Résultats L’étude a porté sur 49 638 patients ayant subi

une arthroplastie de la hanche et 85 558 patients une

arthroplastie du genou. Dix-huit pour cent des patients

ayant subi une arthroplastie de la hanche et 21 % des

patients ayant subi une arthroplastie du genou ont reçu une

ordonnance d’opioı̈des dans les 90 jours précédant leur

chirurgie. En période postopératoire, 51 % des patients ont

utilisé leurs ordonnances d’opioı̈des pendant 1 à 90 jours,

tandis que 24 % des patients d’arthroplastie de la hanche

et 29 % des patients d’arthroplastie du genou ont utilisé

leurs ordonnances entre six et 12 mois. Le fait d’habiter

dans un établissement de soins de longue durée était un

prédicteur important de consommation chronique

d’opioı̈des (hanche : rapport de cotes [RC], 2,64;

intervalle de confiance [IC] à 95 %, 1,93 à 3,59; genou :

RC, 2,46; IC 95 %, 1,75 à 3,45); le sexe féminin et

l’augmentation des comorbidités constituaient d’autres

facteurs de risque.

Conclusion Bien que l’un des principaux objectifs de

l’arthroplastie articulaire soit le soulagement de la

douleur, les personnes âgées continuent généralement à

consommer des opioı̈des en période postopératoire, même

si elles ne prenaient pas d’opioı̈des avant leur chirurgie. Il

est nécessaire de mettre en œuvre des stratégies de

réduction des opioı̈des qui s’adressent aux chirurgiens,

aux médecins traitants, aux soins de longue durée et aux

patients. Ces constatations constituent la base d’études

futures réalisées à la suite de la mise en œuvre d’approches

de réduction des opioı̈des.

Keywords Postoperative pain � Opioids � Arthroplasty �
Elderly

Each year, over 200 million surgical patients worldwide are

treated with opioids for acute postoperative pain.1 Short-

term postoperative administration of opioids may be

helpful in managing pain and improving the

rehabilitation process; however, adverse events and the

development of dependency may limit their safe use and

effectiveness.2 The rate of prescription opioid use among

Canadian seniors (aged C 65 yr) was 13.2% in 2015, which

was among the highest of any age group.3 Many elderly

patients present for joint replacement surgery to relieve

chronic arthritic pain4; in 2018 –2019, roughly two of

every three patients undergoing hip or knee replacement

surgery were over the age of 65 in Canada.5 Although the

goal of joint replacement is to relieve pain and improve

quality of life, arthroplasty surgery is associated with an

incidence of chronic post-surgical pain of 10–41%.6 Many

patients scheduled for surgery receive opioids

preoperatively,7 yet those who have not previously used

opioids are also at risk of becoming chronic opioid users

after surgery.8–11 In fact, long-term opioid dependence is a

common post-surgical complication.12 Despite a large

body of literature on postoperative opioid use, few large

studies have addressed the impact of preoperative opioids

on chronic postoperative use, particularly in elderly

patients in public healthcare systems.10,13–22

In recent years, Canadian and international policy

guidelines have been developed to guide opioid use in the

management of chronic non-malignant pain, as well as

postoperative pain.22–27 The aim of the current study was to

establish baseline data over a ten-year period prior to the

publication of recent opioid guidelines, with a view to

determine the impact of this information on postoperative

prescribing habits following guideline dissemination.

Specifically, using health administrative data in a cohort of

over 135,000 Ontario seniors, we aimed to 1) document the

duration of opioid use after major joint surgery, and 2)

identify predictors, including preoperative opioid use, of

chronic postoperative opioid prescribing in this population.
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Methods

Study design, setting, sample, and data sources

We conducted a historical cohort study utilizing linked de-

identified population-level administrative databases for the

Canadian province of Ontario (Table 1). The study cohort

comprised patients aged 66 yr and older who underwent

primary total hip or knee replacement between 1 April

2006 and 31 March 2016, with follow up to 31 March

2017.28 For each patient, only the first arthroplasty

procedure occurring during the study period was

considered. Patients were identified using Ontario Health

Insurance Plan billing codes and corresponding hospital

admission data (in the Canadian Institute for Health

Information-Discharge Abstract Database [CIHI-DAD]

and the Canadian Institute for Health Information-Same

Day Surgery Database [CIHI-SDS]).29 The observation

window ended on the discharge date plus 365 days, or on

the date of death if earlier.

In Ontario, drug prescriptions for patients 65 yr and

older are reimbursed and stored in the Ontario Drug Benefit

(ODB) database. Preoperative opioid use was considered if

patients filled an opioid prescription during a 90-day period

prior to surgery. Preoperative comorbid conditions were

identified from health records during the two years prior to

surgery.

Exclusion criteria consisted of advanced cancer or

palliative care during one year before and after the

surgical admission; hip or femur fracture within one

month before admission; osteomyelitis or septic arthritis

within one year before admission; pre-existing pain

disorders from unrelated causes; missing a valid

healthcare number; not admitted to hospital; age [ 105

yr; missing age or sex codes; non-Ontario resident status;

and, if deceased during the follow up period, invalid or

missing dates of death (Table 2).

The linked population level administrative databases

accessed (Table 1) are housed at the Institute for Clinical

Evaluative Sciences (ICES, www.ices.on.ca), and have

been previously validated for many comorbidities, out-

comes, and exposures.28–32 The ICES is an independent,

non-profit research institute whose legal status under

Ontario’s health information privacy law allows it to col-

lect and analyze healthcare and demographic data, without

consent, for health system evaluation and improvement.

The databases reflect Ontario’s provision of public uni-

versal access to physician and hospital healthcare services

to its 13.7 million inhabitants (2014). These data sets were

linked using unique encoded identifiers and analyzed at

ICES. Subgroup results, which included less than six

patients, were omitted because of privacy regulations.

Ethics approval was obtained from the Health Sciences

Research Ethics Board of Queen’s University.

Patient characteristics

Patient characteristics include age, sex, socioeconomic

status (Statistics Canada neighbourhood median income

quintile), rurality, region of the province (by Local Health

Integration Network),33 number of subsequent joint

replacements (hip and knee), Charlson comorbidity index

with a two-year look-back window, and residence in a

long-term care (LTC) facility in the previous two years.

The following comorbidities were documented: diabetes;

hypertension; heart failure; malignancy; chronic renal

insufficiency or dialysis; and pulmonary, peripheral

vascular, cerebrovascular, and coronary artery diseases

(using International Classification of Diseases, 10th

revision [ICD-10] codes).34 We compared rates of opioid

utilization across regions of the province and by hospital

teaching status (teaching vs non-teaching institution).

Outcomes

Opioid prescriptions were identified if filled during the 90

days prior to surgical admission, and included

hydromorphone, meperidine, morphine, oxycodone,

codeine, tramadol, fentanyl patch, and ‘‘other opioids’’.

Two patient cohorts were created: no preoperative opioids

(no prescription for opioids within the 90 days prior to

index admission) and preoperative opioids (at least one

opioid prescription within 90 days prior to index

admission).8,10

Postoperative opioid prescriptions were categorized by

the number of days following the surgical discharge date

that the last prescription was filled:10,13,15

1. Undocumented (0 days recorded);

2. Short-term opioids (1–90 days);

3. Prolonged opioids (91–180 days);

4. Chronic opioids (181–360 days).

Statistical analysis

Opioid prescriptions filled after surgery were presented

using descriptive statistics. We calculated means and

standard deviations for continuous variables and

expressed categorical variables as percentages. Bivariate

tests were used to compare patients with and without

chronic opioid prescriptions. We evaluated the relationship

between type of surgery and duration of opioid use using

multivariable logistic regression and calculation of odds

ratios (ORs) and their corresponding 95% confidence

intervals (CIs); for each of the procedures (hip and knee
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replacements), a separate logistic regression was

conducted. Possible confounders were controlled through

multivariate logistic regression analysis, including age, sex,

socioeconomic status, residence, comorbidities,

preoperative opioid utilization, and survival. Statistical

significance was ascertained for two-tailed P values\0.05.

SAS software, version 9.2 (SAS Institute, Cary, NC, USA)

was utilized to conduct analyses.

Results

Characteristics of the cohort

Between 1 April 1 2006 and 31 March 31 2016, a total of

299,371 patients underwent total hip or knee arthroplasty in

Ontario. Of these, cohorts of 49,638 (36.7%) hip

replacement and 85,558 (63.3%) knee replacement

patients who were 66 yr of age or older and met

inclusion criteria were created (Table 2). Baseline

characteristics and comorbidities are detailed in

Tables 3A–D. The mean age of hip surgery patients was

75.0 yr and 35.0% were female. The mean age of knee

surgery patients was 74.1 yr and 36.3% were female.

Spinal anesthesia was performed in 76.7% vs general

anesthesia in 19.3% of hip surgeries, and 78.4% vs 17.6%

of knee surgeries.

As shown in Figure A and B, postoperatively, 25,353

(51.1%) hip surgery and 43,612 (51.0%) knee surgery

patients were in the short-term opioid group, 3,085 (6.2%)

hip and 7,359 (8.6%) knee surgery patients were in the

prolonged opioid group, and 12,044 (24.3%) hip and

25,137 (29.4%) knee surgery patients were in the chronic

opioid group. There were no outpatient opioid prescriptions

documented in 9,156 (18.4%) hip and 9,450 (11.0%) knee

surgery patients after surgical discharge.

Overall, 8,853 (17.8%) hip and 17,549 (20.5%) knee

surgery patients had received opioid prescriptions in the 90

Table 1 Linked Institute for Clinical Evaluative Sciences administrative databases

Database (full name) Abbreviation

Canadian Institute for Health Information-Discharge Abstract Database CIHI-DAD

Canadian Institute for Health Information-Same Day Surgery Database CIHI-SDS

Institution Information System (Ontario Healthcare Institutions) INST

AVGPRICE Database AVGPRICE

Coding and Geography REF

National Rehabilitation Reporting System NRS

Ontario Mental Health Reporting System OMHRS

Continuing Care Reporting System CCRS

National Ambulatory Care Reporting System NACRS

Ontario Health Insurance Plan Database OHIP

Drug Identification Number DIN

Chronic Obstructive Pulmonary Disease COPD

Congestive Heart Failure CHF

Ontario Diabetes Dataset ODD

Ontario Myocardial Infarction Data OMID

Ontario Cancer Registry OCR

Ontario Hypertension Dataset HYPER

Ontario Case Costing Initiative OCCI

Decision Support Systems (Physician Payments) GAPP

Client Agency Program Enrolment CAPE

Yearly Health Services Contact CONTACT

Postal Code Conversion File PCCF

Assistive Devices Program ADP

Estimated Schedule of Benefits ESTSOB

Home Care Database HCD

Registered Persons Database (Vital Statistics) RPDB

Ontario Drug Benefit Database ODB
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days prior to surgery. Preoperative opioid use was not

predictive of chronic opioid prescriptions postoperatively:

24.6% of those not receiving opioids preoperatively vs

22.9% of preoperative opioid users received opioid

prescriptions chronically after hip surgery; 29.3% of

those not receiving opioids preoperatively vs 29.7% of

preoperative opioid users received opioid prescriptions

chronically after knee surgery.

Predictors of chronic opioid prescriptions

The results of the multivariable logistic regression analysis

conducted to assess the effects of patient characteristics on

chronic opioid use compared with short-term use are

presented in Table 4, including ORs and their

corresponding 95% CIs. Predictors included residence in

an LTC facility (hip: OR, 2.64; 95% CI, 1.93 to 3.59; knee:

OR, 2.46; 95% CI, 1.75 to 3.45); female sex (hip: OR,

1.33; 95% CI, 1.27 to 1.40; knee: OR, 1.26, 95% CI 1.22 to

1.30) and living in urban areas (hip: OR, 1.12; 95% CI,

1.05 to 1.20; knee: OR, 1.14; 95% CI, 1.09 to 1.20).

Patients in higher income quintiles were less likely to be in

the chronic opioid use group than those in the lower

income quintiles; with every incremental increase in

income quintile, there was approximately a 10% decrease

in the odds of chronic use. Likewise, an increasing

Charlson comorbidity score was associated with a higher

incidence of chronic opioid use as shown in Table 4 (OR

for Charlson score[3 vs 0, 1.99; 95% CI, 1.72 to 2.30 for

hip surgery; OR, 1.46; 95% CI, 1.31 to 1.64 for knee

surgery).

Discussion

Brief summary of main results

In this historical cohort study evaluating postoperative

opioid use in over 135,000 older patients undergoing total

hip and knee replacement over a ten-year period in Ontario,

17.8% of hip surgery and 20.5% of knee surgery patients

received at least one opioid prescription within 90 days

before surgery. We found that 24.3% of hip and 29.4% of

knee patients were still filling opioid prescriptions 6–12

months postoperatively, with no predictive effect of

preoperative opioid use. Predictors of chronic opioid use

included residence in an LTC, higher age, female sex,

living in urban areas, lower income quintile, and higher

comorbidity index.

Preoperative opioid use

The proportion of patients who had been prescribed opioids

prior to hip and knee surgery has been found to range

Table 2 Exclusion criteria and study population for hip and knee arthroplasty groups

Hip Knee

Inclusions, n

Valid health cards and fee codes, surgery 1 April 2006–31 March 2016 118,077 181,294

Exclusions, n

Younger than 66 or older than 105 48,641 76,498

Missing age or sex 0 0

Non-Ontario residents 79 104

Invalid death data (where death date occurs prior to index admission date) 22 8

Cancer (1 year before to 1 year after surgery date) 2,440 2,769

Received palliative care during (1 year before to 1 year after surgery date) 1,004 591

Diagnosis of hip, femur, knee, patella, or tibia fracture 1 month prior to surgery date N/A 1,048

Diagnosis of hip or femur fracture 1 month prior to surgery date 7,206 N/A

Diagnosis of osteomyelitis or septic arthritis 1 year prior to surgery date 1,216 1,767

Remove repeat arthroplasty during 1 year follow up 3,391 7,595

Those without a corresponding DAD record 957 1,486

Those without knee (‘‘IVG53’’) or hip (‘‘IVA53’’) intervention codes 2,620 630

Bilateral surgeries 97 2,364

Revision surgeries 766 876

Final study cohort, N 49,638 85,558
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between 6.2% and 87.1%7,13,14,16,20 compared with an

overall rate of 19.5% in the current study. While this wide

variation may be reflective of differences in local practice,

definitions of preoperative opioid use are also highly

variable. Jin et al. found that 60% of older arthroplasty

patients had been prescribed opioids within one year prior

to surgery, although only 12% used opioids continuously

over the year.7 In contrast, low rates of preoperative opioid

use found by Inacio et al. may be due to stringent

definitions of chronic opioid use as 90 consecutive days or

120 non-consecutive days in the year before surgery.20

We found that an equal number of patients who had

received and who had not received opioid prescriptions in

the 90 days before surgery were still receiving opioids for

6–12 months postoperatively. The proportion of patients

with no preoperative opioids who became chronic users

postoperatively is variable among different studies,

reflecting different practice patterns, definitions, and

study designs.13,16,20 Regardless of definitions and

populations studied, prolonged postoperative opioid use

remains a concerning problem. Especially salient in the

current study is the high rate of chronic opioid use in

patients who were not on opioids before surgery since pain

is one of the main indications for arthroplasty surgery in

the first place. Explanations for high rates of chronic opioid

use are unclear, but may include persistent postoperative

pain, pain from other sources, and iatrogenic opioid

dependence. In recent years, new policies and guidelines

have emerged within Canada and internationally to

regulate physician- and pharmacist-prescribed opioids.23

Both contemporary behavioural strategies and opioid

reduction policies have been shown to be effective in

reducing opioid use following surgery.24–26,35 As such, the

current study will form a basis for future research to

evaluate the impact of these new policies on opioid use.

Predictors of chronic opioid use

For participants in the current study, risk factors for chronic

opioid use included higher comorbidity score, chronic

obstructive pulmonary disease, coronary artery disease, and

congestive heart failure, similar to other studies.15,16 A

unique finding in the current study was that residence in an

LTC facility was a significant predictor of chronic opioid

use. Nevertheless, the absolute number of patients residing

in LTC is small, and thus the net effect of reducing opioid

use in this group would be limited. Despite this, in Ontario,

rates of opioid use in LTC facilities have increased from

15.8% in 2009–2010 to 19.6% in 2016–2017.36 Thus,

opioid reduction strategies that specifically target the

postoperative care of residents of LTC facilities are

warranted.

Table 4 Predictors of chronic vs short-term postoperative opioid prescriptions using multivariable regression analysis

Variable/model Hip arthroplasty Knee arthroplasty

OR (95% CI) P value OR (95% CI) P value

Age at index (continuous) 1.01 (1.00 to 1.01) \ 0.001 1.00 (0.99 to 1.00) \ 0.001

Female vs male 1.33 (1.27 to 1.40) \ 0.001 1.26 (1.22 to 1.3) \ 0.001

Income quintile 2 vs 1 0.87 (0.81 to 0.93) \ 0.001 0.90 (0.86 to 0.95) \ 0.001

Income quintile 3 vs 1 0.83 (0.77 to 0.89) \ 0.001 0.84 (0.80 to 0.88) \ 0.001

Income quintile 4 vs 1 0.76 (0.71 to 0.82) \ 0.001 0.77 (0.73 to 0.81) \ 0.001

Income quintile 5 vs 1 0.71 (0.66 to 0.76) \ 0.001 0.70 (0.67 to 0.74) \ 0.001

Urban vs rural 1.12 (1.05 to 1.20) 0.001 1.14 (1.09 to 1.20) \ 0.001

Charlson score 1 vs 0 1.35 (1.27 to 1.44) \ 0.001 1.16 (1.11 to 1.21) \ 0.001

Charlson score 2 vs 0 1.45 (1.31 to 1.60) \ 0.001 1.30 (1.21 to 1.39) \ 0.001

Charlson score C 3 vs 0 1.99 (1.72 to 2.30) \ 0.001 1.46 (1.31 to 1.64) \ 0.001

Residence in long-term care 2.64 (1.93 to 3.59) \ 0.001 2.46 (1.75 to 3.45) \ 0.001

Teaching vs community hospital 1.00 (0.95 to 1.06) 0.95 0.99 (0.96 to 1.03) 0.72

Diabetes 1.03 (0.94 to 1.14) 0.53 1.06 (0.99 to 1.13) 0.09

Hypertension 0.89 (0.83 to 0.95) 0.001 0.96 (0.91 to 1.01) 0.09

Congestive heart failure 1.24 (1.08 to 1.41) 0.002 1.23 (1.12 to 1.36) \ 0.001

Chronic renal failure 0.97 (0.72 to 1.31) 0.84 1.13 (0.91 to 1.39) 0.28

Chronic obstructive pulmonary disease 1.55 (1.39 to 1.72) \ 0.001 1.44 (1.32 to 1.56) \ 0.001

Peripheral vascular disease 1.16 (0.96 to 1.40) 0.14 1.28 (1.10 to 1.49) 0.001

Cerebral vascular disease 0.97 (0.72 to 1.31) 0.83 1.14 (0.91 to 1.43) 0.26

Coronary artery disease 1.27 (1.17 to 1.38) \ 0.001 1.17 (1.10 to 1.24) \ 0.001

Short-term: last prescription filled 0–90 days post discharge; chronic: last prescription filled 181–360 days post discharge.

Income quintile range: 1 (lowest) to 5 (highest).

CI = confidence interval; OR = odds ratio.
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Strengths and limitations

This study comprised a large sample size, allowing the

inclusion of a variety of potential risk factors for chronic

postoperative opioid use. The ICES administrative

databases minimized the risk of missing data by ensuring

the study included comprehensive data of patients’

demographics, hospitalizations, comorbidities,

medications, and procedures. There was likely no

significant prescription recall bias as may have been the

case in other studies relying on surgeon or patient self-

reported accounts. The relationship between opioid

utilization and pain was not confirmed, although studies

have shown that opioid utilization is a suitable proxy for

the assessment of pain.37,38 Data sources used in this study

did not include reasons for opioid prescriptions; patients

may have been prescribed opioids for other indications,

including new injuries or surgical procedures. Although

opioid data represent prescriptions that were filled, actual

intake and dosing were not available. Certain confounders

or risk factors are difficult to account for, such as other pain

conditions, physiologic opioid dependence,10 functional

status, psychological well-being, and prescribers’

preferences and specialty. Nevertheless, data show that

osteoarthritis, rather than rheumatoid arthritis or other

inflammatory conditions, is the underlying diagnosis for

95.3% of primary hip and 98.8% of primary knee

arthroplasties.5,39 This study focused on a cohort of

senior patients; as such, the findings of the study may not

be generalizable to younger populations. Severity of

arthritis, wait times, perioperative management and

longitudinal trends over the study period were not

analyzed in this study, but would be important in future

research directions. Overall, 11.2% of patients had no

documented opioid prescriptions: as only outpatient

prescriptions were identified, many of these patients

likely received opioids as inpatients in acute or

rehabilitation hospitals. Furthermore, opioid prescriptions

remunerated from other sources, including private

insurance, out of pocket, and illicit means, were not

accounted for in the ODB data.

Conclusion

In a cohort of over 135,000 seniors, 12,044 (24.3%) of hip

arthroplasty and 25,137 (29.4%) of knee arthroplasty

patients were still being prescribed opioids at 6–12

months following surgery. Patients who were not

receiving opioids preoperatively were just as likely to

become chronic opioid users as those who had been

receiving opioids before surgery. Residence in an LTC

facility was a significant predictor of chronic postoperative

opioid use. The results of this study indicate a need to

evaluate and optimize opioid reduction strategies and

education at the surgical care, primary physician, LTC, and

patient levels. This study will form a basis for future

quality improvement research following implementation of

opioid reduction programs and guidelines.
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