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ABSTRACT

Introduction Mounting evidence now indicates that
preoperative opioid use is associated with an array of
complications following total joint replacement (TJR).
However, evidence of these risks remains fragmented.

A comprehensive and well-integrated understanding of
this body of evidence is necessary to appropriately inform
treatment decisions, the allocation of limited healthcare
resources, and the direction of future clinical research.
The proposed systematic review and meta-analysis

aims to identify and synthesise the available evidence

of an association between opioid use prior to TJR and
postoperative complications, categorised by complication
type.

Methods and analysis We will search MEDLINE,
EMBASE, CINAHL, PsycINFO, and Web of Science from
inception to April 2020. Observational and experimental
studies that compare preoperative opioid users who have
undergone elective TJR to opioid naive TJR patients will
be included. The primary outcomes will be postoperative
complications, which will be categorised as either
mortality, morbidity, or joint-related complications. The
secondary outcomes will be persistent postoperative opioid
use, readmission, and length of stay. Individual study
quality will be assessed using the relevant NIH-NHLBI
study quality assessment tools. Findings will be reported
in narrative and tabular form, and, where possible, odds
ratios (dichotomous outcomes) or standardised mean
differences (continuous outcomes) will be reported with
95% confidence intervals. Where appropriate, random
effect meta-analyses will be conducted for each outcome,
and heterogeneity will be quantified using the I? statistic
and Cochran’s Q test. This study will be reported in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) and
Meta-analyses Of Observational Studies in Epidemiology
(MOOSE) guidelines.

Ethics and dissemination Ethics approval will not

be required as no primary or private data are being
collected. Findings will be disseminated through peer-
reviewed publication and presentation at academic
conferences.

PROSPERO registration number CRD42020153047.

" Peter FM Choong'”’

Strengths and limitations of this study

» This systematic review will be the first to identify
complications that are associated with preoperative
opioid use among total joint replacement patients.

» The comprehensive a priori categorisation of com-
plications will ensure that this review highlights
specific areas in which further research is needed.

» The search strategy has been designed using key
terms, synonyms and database-specific vocabu-
lary across a range of carefully selected databases
to ensure comprehensive coverage of both peer-
reviewed and grey literature.

» The recent nature of much of the research in this
domain may limit the amount of data available for
some of the predefined outcome categories.

» As most included studies are expected to rely on
observational study methods, the strength of the
conclusions drawn from this review will be limited
by the quality of the evidence presented in the in-
cluded studies.

BACKGROUND

Total joint replacement (TJR) is a safe and
effective surgery, which aims to restore phys-
ical function and offer long-term pain relief
to patients suffering from severe arthritis.'™
In recent decades, the number of TJRs
performed each year has risen substantially.
Between 2000 and 2014, the number of
total hip replacement (THR) and total knee
replacement (TKR) surgeries performed
annually in the USA more than doubled.*
Over a similar period, opioid use has become
more prevalent among patients presenting
for TJR. Data from Australia indicate that
the prevalence of preoperative opioid use
increased between 2001 and 2012 from 37%
to 49% in TKR patients and 44% to 54% in
THR patients.” In the USA, where opioid
misuse has been declared a public health
emergency,” this trend is likely even more
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pronounced; with one recent study reporting that more
than 87% of commercially insured TJR patients had
received an opioid prescription in the year leading up to
their procedure.”

There is now mounting evidence that opioid use prior
to TJR is associated with an array of surgical complica-
tions.*"* In 2017, Ben-Ari and colleagues were among the
first to report that chronic opioid use was associated with
an increased risk of early revision following TKR.® A study
conducted by Bell and colleagues, published in 2018, was
the first to highlight that preoperative opioid use may be
a risk factor for periprosthetic infection following TJR.’
Several other recent studies have supported these find-
ings'*"*while also demonstrating links between opioid use
prior to TJR and opioid overdose," systemic infection,"
unplanned readmission,'® postoperative delirium," and
in-hospital complications." Given the recency of these
findings, the evidence of an association between preop-
erative opioid use and complications following TJR
remains fragmented. To date, no systematic review has
examined the evidence of such an association, which
may be contributing to risks associated with preoperative
opioid use being under-recognised. The only systematic
review specifically examining the impact of preoperative
opioid use on outcomes following TJR focused exclusively
on patientreported pain and function outcomes."” This
review, which was conducted by Goplen and colleagues,'
found that preoperative opioid users experienced worse
pain and function improvements between 6 and 58
months following TJR, when compared with opioid naive
patients. While pain and function outcomes are undoubt-
edly central to decisions made about TJR procedures,'®
prudent decision-making requires that such factors be
weighed against all risks associated with the procedure.

A comprehensive and well-integrated understanding
of complications associated with opioid use prior to TJR
is necessary to appropriately inform treatment decisions,
the allocation of limited healthcare resources, and the
direction of future clinical research. Awareness of these
potential complications also allows clinicians to appro-
priately inform patients who are using opioids about the
risks of their procedure. Importantly, such awareness may
also encourage surgeons and patients to treat preoper-
ative opioid use as a modifiable risk factor that can be
targeted to improve the quality and safety of surgical care.
With these considerations in mind, the proposed system-
atic review and meta-analysis seeks to identify and synthe-
sise available evidence of an association between opioid
use prior to TJR and postoperative complications, catego-
rised by complication type.

METHODS AND ANALYSIS
This protocol was developed in accordance with
‘Preferred Reporting Items for Systematic reviews and
Meta-Analysis—Protocol’ (PRISMA—P)17 ¥ and ‘Meta-
analysis of Observational Studies in Epidemiology’
(MOOSE)" guidelines.

Criteria for consideration in this review

Types of studies

This systematic review will include both descriptive (eg,
case series, cross-sectional) and analytic (eg, retrospective
cohort, prospective cohort, case-control) observational
studies as well as experimental studies (eg, randomised
controlled trials, quasi-experimental designs). Although
we will include studies using experimental designs, we
expect that the majority of the data will be drawn from
the observational studies. Studies reported in conference
abstracts and other forms of grey literature will also be
included in this review. Case reports, editorials, commen-
taries, qualitative studies and literature reviews will be
excluded. However, reference lists from relevant litera-
ture reviews identified in the initial screening process will
be searched to identify additional original studies. We will
only include studies published in English.

Type of population

The population of interest will be adult patients (218
years of age) who have undergone elective T]JR. Total hip,
knee, shoulder, elbow, ankle, and wrist replacement will
be included in this review. Studies exclusively examining
patients who have undergone partial joint replacement
will be excluded. In the instance that a study does not
clearly distinguish between total and partial joint replace-
ment, the study will be included in the primary analysis
given that a vast majority of all such procedures are for
TJRs.”” *' The impact of including these studies will be
tested through sensitivity analyses. Studies specifically
examining patients who have undergone non-elective
TJR will be excluded. Studies that do not clearly distin-
guish between elective and non-elective procedures
will be included in the primary analysis. The impact of
including these studies will also be evaluated through
sensitivity analyses. Studies of surgical populations that
include patients undergoing procedures other than TJR
will be included only if sufficient data are available to
isolate measures of association for TJR patients.

Type of exposure

The two exposures of interest are preoperative opioid use
and chronic preoperative opioid use. As there is no standard
definition of preoperative opioid use in the literature, we
expect this concept to be characterised heterogeneously
between studies. For this reason, studies will be included
in our analysis of preoperative opioid use if they report
that the patient has been prescribed opioids at any time
prior to admission for TJR. Studies that rely on patient
reporting to identify preoperative opioid exposure will
be included in this more inclusive exposure group,
unless patients specifically reported chronic preoperative
opioid use. Informed by the Centre for Disease Control’s
(CDC) recommendation that long-term opioid therapy
be reviewed at least every 3months,* chronic preoper-
ative opioid use will be defined as ongoing use for 290
days prior to presenting for surgery. Given the lack of
a common definition, studies that define chronic use
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more restrictively than this (eg, by requiring 12 months
of preoperative use) will be included in our analyses
of chronic use. The impact of different definitions of
chronic use will be assessed in subgroup analyses where
possible, as will the inclusion of studies relying on patient-
reported exposure status. Findings related specifically to
chronic preoperative use will be reported and analysed
separately to findings related to preoperative use more
generally.

Opioid use in the perioperative period (ie, once a
patient has been admitted for surgery) will not be consid-
ered a relevant exposure. Studies examining preemptive
analgesia will also be excluded, as will studies explicitly
examining the impact of preoperative opioid abuse,
addiction, or dependence. To this end, studies will be
excluded if they specifically examine patients who have
been prescribed buprenorphine or methadone to treat
opioid use disorder before surgery.*

Type of comparison

The comparison of interest is adult (=18 years of age) TJR
patients who have not used or been prescribed opioids
in the lead up to admission for surgery (ie, opioid naive
patients). Studies that only compare preoperative opioid
use with the use of other medications (eg, benzodiaze-
pines) will be excluded.

Types of outcome measure
The primary outcomes of interest in this systematic review
are complications, which provide a direct measure of
the patient’s physical or psychological health following
the index procedure. Informed by Australian national
quality and safety measures®* and previously published
work examining complications associated with preoper-
ative smoking® and alcohol consumption,” the primary
outcomes will be categorised as follows:

» Mortality: any measure of mortality within 1year of
the index procedure will be included in our analysis;
however, analyses of mortality will be stratified by the
timeframe examined (eg, 30 days, 90 days, 1year).

» Morbidity: measures of morbidity occurring within
either 30 or 90days of the index procedure will be
categorised as general complications, medication-
related complications, wound complications, general
infections, pulmonary complications, cardiovascular
complications, neurological complications, gastro-
intestinal complications, renal/urinary complica-
tion, falls resulting in fracture or intracranial injury,
unplanned returns to theatre or additional invasive
interventions, bleedings, unplanned intensive care
unit admissions, and other complications.

» Jointrelated complications: any complications that
are specific to the TJR procedure (eg, revision, joint
infection, or stiffness requiring manipulation under
anaesthesia)®” ** will be reported separately where
possible. As these complications are necessarily tied
to the index procedure, no time restrictions will be
placed on measures relating to these outcomes.

The secondary outcomes of interest for this review
provide valuable, but indirect, measures of the patient’s
course of recovery following the index procedure.

» Persistent postoperative opioid use: any measure that
includes patients receiving a prescription of opioids
=90 days after the index procedure will be included in
the analysis. This was informed by the CDC’s recom-
mendation that long-term opioid therapy be reviewed
at least every 3 months.*

» Unplanned readmission: measures of readmission
within 90days of initial discharge will be included in
our analysis; however, all analyses of readmission will
be stratified by the timeframe examined (eg, 30 days,
90 day).

» Length of stay: studies examining the length of
hospital stay following surgery will be included in our
analysis.

Despite the importance of information about pain
and function to decisions regarding TJR, to avoid dupli-
cating work done in a recent systematic review by Goplen
and colleagues,” patient-reported pain and function
outcomes will be excluded from this review.

Search strategy

A comprehensive literature search of MEDLINE,
EMBASE, CINAHL, PsycINFO, and Web of Science from
inception to April 2020 will be conducted. These data-
bases have been selected to maximise the coverage of the
literature search.” The search strategy has been formu-
lated in consultation with two external research librar-
ians. The search will be tailored to each database using
keywords, database-specific vocabulary (eg, medical
subject headings), and relevant Boolean operators to
cover the conceptual groups ‘opioids’ (ie, the exposure
of interest) and ‘TJR’ (ie, the population of interest).
In accordance with widely accepted recommendations,*
this strategy does not aim to narrow the scope of the
search by including specific conceptual groups for the
outcomes or comparisons of interest. This will ensure
that the search strategy is sufficiently sensitive given
the breadth of outcomes that we are seeking to include
in this review and the lack of an established lexicon
to describe the comparison of interest. See the online
supplementary materials for details of the full search
strategy.

A narrower set of supplementary searches will be
conducted using Google Scholar, as this has been shown
to regularly capture eligible studies not returned by other
databases.” ' To account for difficulties with replicating
searches conducted in Google Scholar, all results from
this search that were not returned by our searches of
other databases will be reported in a supplement to the
published review. Articles that referenced (‘forward cita-
tion tracking’) or were referenced by (‘backward citation
tracking’) included studies and relevant published liter-
ature reviews that will be searched to identify additional
eligible studies.*

Shadbolt C, et al. BMJ Open 2020;10:¢035377. doi:10.1136/bmjopen-2019-035377


https://dx.doi.org/10.1136/bmjopen-2019-035377
https://dx.doi.org/10.1136/bmjopen-2019-035377

Data collection and management

To avoid issues with the export functionality of Google
Scholar, Harzing’s Publish or Perish V.7 will be used
to extract relevant information from the supplemen-
tary search. DistillerSR will be used for deduplication,
screening and data extraction. Statistical analysis will be
conducted using Stata V.16. Three reviewers (CS, DG
and SR) will be involved in the screening, study selec-
tion, data extraction, and quality assessment process.
Each study will be independently assessed by two of these
reviewers at each stage of this process. Disagreement will
be resolved through discussion between these reviewers
where possible. When consensus cannot be achieved
through discussion, a fourth author (MMD) will be
consulted. Inter-rater agreement (kappa statistics) on the
study selection process will be reported.*

Study selection

The titles and abstracts of all items identified through
the search process will be independently screened. After
10% of studies have been screened, the selection process
will be reviewed to ensure that eligibility criteria are
consistently applied. The full-text documents of poten-
tially relevant studies will then be compiled and reviewed
against the eligibility criteria. Forward and backward
citation trackings of all studies that remain after full-text
screening will be used to identify additional potentially
eligible studies. The full text of studies identified through
this final stage of the search will then be assessed for
inclusion. The study selection process will be reported
using a Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) flow diagram.33

Data extraction

Data will be extracted using a standardised data collec-

tion form. The following details will be extracted from all

included articles:

» Publication details: authors, year of publication, title,
and publication venue.

» Study design: study design, data source(s), sample
size, and funding source.

» Clinical setting: location (eg, public/private/veterans’
institution).

» Population characteristics: demographic information
(eg, age, sex, BMI) and comorbidities.

» Surgery type: primary/revision/undefined, hip/
knee/shoulder/elbow/ankle/wrist, indication for
surgery, TJR clearly defined, and elective TJR clearly
defined.

» Exposure: preoperative opioid use definition and
chronic preoperative opioid use definition.

» Outcomes: outcome class and outcome definition.

» Result summary: odds ratio or standard mean differ-
ence and 95% confidence intervals for each outcome
measure, use of univariate/multivariate analysis, and
variables included in multivariate analysis.

Where adjusted and unadjusted measures are reported
for a given outcome, the most comprehensively adjusted

outcome measures will be used. Where outcomes are
measured at multiple time points, the effects measured at
the longest relevant time points will be recorded. Missing
values will be calculated whenever there are sufficient
data available to do so. Study authors will be contacted to
obtain missing data, and response rates will be reported
in the published review.

Individual study quality assessment

The quality of all included studies will be assessed using
the appropriate NIH/NHLBI study quality assessment
tool.”* The appropriate tool will be determined for each
included study based on the research design that was
used. These tools include items to evaluate potential
flaws in study methodology or implementation, including
sources of bias, study power, confounding, and other
factors. In response to each item included in these tools,
reviewers will select ‘yes’, ‘no’, or ‘cannot determine/
not reported/not applicable’. Responses to each of these
items will inform a judgement of each study as being of
either ‘good’, ‘fair’, or ‘poor’ quality. Where studies are
deemed to be of poor quality, explicit justification will be
offered and reported in the published review.

Data synthesis and subgroup analysis
Where the outcomes reported are considered sufficiently
similar from a clinical and methodological perspective,
and where sufficient data are available to calculate a
common effect size,”” meta-analyses will be conducted for
each of the predefined primary and secondary outcome
categories. The primary meta-analyses reported for each
outcome will only include adjusted effect sizes as residual
confounding is likely to significantly impact unadjusted
estimates. Outcomes associated with preoperative opioid
use and chronic preoperative use will be analysed and
reported separately. For data that can be meaningfully
pooled, a random effect model will be used for meta-
analysis as we expect significant between study hetero-
geneity.” For dichotomous outcomes, odds ratios will be
reported. Standardised mean difference will be used for
the analysis of continuous outcome variables. 95% confi-
dence inervals will be reported for all effect estimates.
Where outcomes are reported as risk ratios without
sufficient data available to manually compute the odds
ratio, the odds ratio will be computed using the formula
described by Zhang and Yu.”® The characteristics of all
eligible studies, including those not suitable for meta-
analysis, will be reported in narrative and tabular form.
Sensitivity analyses will explore the impact of including
both unadjusted and adjusted effect size estimates in
our meta-analyses and assess the impact of including
studies that rely on patientreported measures of opioid
exposure. Sensitivity analyses will also be conducted to
evaluate the impact of including studies of imprecisely
defined populations (ie, where it is not clear if the popu-
lation also contains partial or non-elective joint replace-
ment patients). Heterogeneity will be assessed using the
I* statistic and Cochran’s Q test. An I” statistic of greater
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than 50% will trigger investigation of potential causes
of heterogeneity through subgroup analyses.”’ Planned
subgroup analyses will be based on differences in study
quality, geographic location, type of surgery and opioid
exposure definitions. In the instance that no studies have
reported on an outcome relevant to one of the predefined
outcome categories, this will be explicitly reported in the
narrative synthesis.

Meta-bias assessment

We have aimed to minimise the effect of publication bias
on the findings of this review by placing no restrictions
on the inclusion of ‘grey literature’.”” Furthermore, our
search strategy has been designed to ensure compre-
hensiveness by drawing on a database that is commonly
overlooked by systematic reviewers (ie, Google Scholar),
despite having been shown to be effective at capturing
grey literature.” To investigate the potential residual
effects of publication bias, funnel plots will be gener-
ated for meta-analyses that include 10 or more studies.™
Where significant asymmetry is detected in the funnel
plot, potential sources of this asymmetry will be explored
and, if deemed appropriate, the trim and fill method
may %l())f;;sused to account for the possibility of publication
bias.”™

Confidence in cumulative evidence

The quality of cumulative evidence in relation to each
reported outcome measures will be assessed using the
Grades of Recommendation, Assessment, Develop-
ment and Evaluation (GRADE) approach.™* The five
GRADE considerations—study limitations, imprecision,
inconsistency, indirectness and publication bias—will be
used to assess each study before reporting the quality of
evidence as high, moderate, low or very low.*’ The results
of the cumulative quality assessment will be presented in
a Summary of Findings table.*! * Care will be taken to
include all outcome categories specified in this protocol
in this table, to ensure that the absence of evidence
relating to particular types of complications is reported
clearly and consistently.

Ethics and dissemination

Ethics approval will not be required for the proposed
study, as it draws on previously published data and will
not impact on the privacy of any individual patients.
The results of the systematic review will be disseminated
through publication in a peerreviewed journal and
through presentation at relevant academic conferences.
It will also be disseminated to members of the Consor-
tium Against the overuse of Opioids in Surgery, which
is a recently formed multinational initiative that aims
to address issues relating to opioid use among surgical
patients.

Patient and public involvement

No patients were involved in the planning or conduct of
this review. The findings of this review will be shared with
members of the Centre for Research Excellence in Total

Joint Replacement’s newly formed Arthritis Consumer
and Community Involvement Programme (ACCIP).
Translation of these findings into future clinical trials will
be informed by the members of ACCIP.

DISCUSSION

As it currently stands, the available research examining
the impact of opioid use prior to TJR on postoperative
complications remains fragmented. Not only does this
mean that the scope of the available evidence is difficult
to interpret, it has also potentially led to serious risks
associated with opioid use prior to TJR remaining under-
recognised. The proposed systematic review and meta-
analysis aims to provide some much-needed order and
clarity to the growing body of research in this domain.
By providing a comprehensive and well-integrated under-
standing of complications associated with opioid use prior
to TJR, this review will allow clinicians to more appro-
priately inform potential TJR patients who have been
prescribed opioids about the risks associated with their
procedure. The findings of the proposed review will also
offer insights that are necessary for both clinicians and
patients to make prudent treatment decisions. However,
as is the case with all systematic reviews, the strength of
the conclusions that can be drawn from this review will
be determined by the quality of the available evidence.
Although we will only include adjusted estimates in
our primary meta-analyses, the possibility of residual
confounding (eg, confounding by indication) in the
included studies may limit the strength of the conclusions
that can be drawn about the links between the exposures
and outcomes of interest.”” Finally, and perhaps most
importantly, the knowledge gleaned from this review will
clarify the extent to which targeting preoperative opioid
use may improve the quality and safety of surgical care for
patients undergoing TJR.
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