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Abstract

Introduction: Opioids are routinely used to treat a variety of chronic conditions associated with pain. However,
they are a class of medications with a significant potential for adverse health effects, with and without misuse.
Opioid misuse, as defined as inappropriate use of appropriately prescribed opioids, is becoming more well-
recognized publicly but does not have clear treatment options. Opioid misuse has been linked to variety of poor
outcomes and its consequences have a significant impact on healthcare resource utilization. The evidence on harm
reduction strategies to mitigate adverse events prompting presentation to acute care settings for patients
presenting with long-term opioid use is sparse.

Methods and analysis: We will perform a systematic review and meta-analysis to catalog effective harm reduction
strategies and identify the most effective ones to reduce avoidable healthcare utilization in patients on long-term
opioid therapy who present to acute health care settings with complications attributed to opioid misuse. A search
strategy will be developed and executed by an information specialist; electronic databases (MEDLINE, EMBASE,
CINAHL, Cochrane Library) and additional sources will be searched. Search themes will include opioids, chronic
drug use, and acute healthcare settings. Citation screening, selection, quality assessment, and data abstraction will
be performed in duplicate. A comprehensive inventory of harm reduction strategies will be developed. Data will be
collected on patient-related outcomes associated with each identified harm reduction strategy. When sufficiently
homogeneous data on interventions, population, and outcomes is available, it will be pooled for aggregate analysis.
Evaluation of the methodological quality of individual studies and of the quality of the body of evidence will be
performed. Our primary objective will be to identify harm reduction strategies that have been shown to result in
clinically relevant and statistically significant improvements in patient outcomes and/or decreased healthcare utilization.
(Continued on next page)
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Discussion: This study will better characterize harm reduction strategies for patients on long-term prescribed opioids
presenting to acute healthcare settings. It will also add new knowledge and generate greater understanding of key
knowledge gaps of the long-term prescribed opioid use and its impact on healthcare utilization.

Systematic review registration: CRD42018088962.

Keywords: Narcotics, Addiction medicine, Substance-related disorders, Drug abuse, Hospital medicine

Introduction
Description of the condition
The opioid crisis is the major public health problem
facing Canada today. It has been deemed a public health
emergency by both Health Canada and the US Surgeon
General [1]. Opioid use is common in Canada, with over
21,523,000 prescriptions written in 2016, which equates
to 595 opioid prescriptions per 1000 Canadians [2–4].
This is particularly alarming as prescribed opioids (i.e.,
fentanyl, hydromorphone, morphine, and oxycodone)
account for more than half of all opioid poisoning
hospitalization each year [2], and seniors account for a
quarter of those, with more than half accidental in
nature and with worse outcomes [1–4]. In the USA, over
60% of drug overdoses involve an opioid, and these most
commonly involve opioids prescribed by healthcare
practitioners [5]. Canada is second only to the USA
regarding chronic opioid use, which led to the Canadian
Centre on Substance Use and Addiction to publish a
document addressing prescription drugs that are not
only legal, have therapeutic uses, but also have a high
potential for harm [6]. This document outlined five
streams of action: prevention, education, treatment,
monitoring, and enforcement [5]. Long-term opioid use
is less recognized publicly, but has been linked to a
variety of poor outcomes such as frequent hospita-
lizations, unintentional overdoses, and death [7, 8]. This
is of particular importance with high-dose usage, which has
recently come to be defined as greater than 90 morphine
milligram equivalents (MME) daily [9]. The consequences
of opioid-related healthcare visits have a significant impact
on resource utilization, including emergency department
(ED) presentations, hospital and intensive care unit
(ICU) admissions, and significant patient morbidity
and mortality as well as important socio-economic
consequences [3, 10–13].

Description of the intervention
Harm reduction strategies have been given multiple defi-
nitions in the literature. For the purposes of this review,
harm reduction strategies are defined as “any policy or
program designed to reduce drug-related harm without
requiring the cessation of drug use; these interventions
may be targeted at the individual, the family, community
or society [14].” These may include, but are not limited

to (1) in-hospital policies including medication review
and referral to outpatient support programs; (2) out-
patient measures, such as improving access to and use
of prescription drug monitoring program, opioid agonist
treatment programs, and referral to chronic pain centers;
(3) physician education including web-based resources
as well as workshops and seminars; and (4) policy deve-
lopment such as the creation of Alberta Health Services
Harm Reduction Policy for Psychoactive Substance Use,
the National Canadian Pain Guidelines, and the Canadian
Federal Action on Opioids statement [5, 6, 14–20]. There
is evidence of a modest reduction in mortality from these
measures in the acute opioid toxicity setting [15]. How-
ever, the data available on the impact of harm reduction
strategies in patients presenting with long-term prescribed
opioid use that develop complications requiring presenta-
tion to acute care settings is sparse. The impact of such
strategies may be substantial given the reported high risk
of adverse events in these settings [11, 21–23]. Addition-
ally, recent trends in opioid prescriptions show stability or
growing prescription patterns and usage, despite policies
and measures put in place to address this growing prob-
lem [24]. This highlights the complexity of outcomes
associated with opioid usage, the potential for unknown
interactions, and the need for further studies.

Why is it important to do this review?
A better understanding of what factors lead to recurrent
presentations to acute healthcare secondary to opioid
misuse for patients who take daily prescribed opioids
may enable more tailored management strategies for
these patients, more appropriate follow-up planning at
discharge from acute healthcare settings, improved
resource allocation, and decreased acute healthcare
presentations. This would in turn serve to alleviate the
strain on emergency services, improve the capacity of
emergency departments, and improve patient health and
quality of life. The goal of this study is to explore patients
with presumably appropriately prescribed opioids who
suffer a complication related to their use leading to an
acute healthcare setting presentation, secondary to either
appropriate or inappropriate use. For the purpose of this
study, opioid misuse will refer to the inappropriate use of
opioids prescribed to the patient in question. We will not
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be focusing on illicit drug use as defined in this study by
prescription opioids that are not prescribed to the patient
in question or non-prescription opioids.

Objectives
Among long-term prescribed opioid users presenting to
acute care for reasons attributable to appropriate or
inappropriate opioid use, we aim to identify the most
effective harm reduction strategies to reduce avoidable
health services use and improve outcomes.

Methods and analysis
Study design
We will perform a systematic review using the guidelines
from Cochrane and the Centre for Reviews and Disse-
mination [25, 26], and reported according to the Preferred
Reporting Items for Systematic review and Meta-analysis
(PRISMA-P) Guideline (Additional file 1: Appendix 1) [27]
and the Meta-analysis Of Observational Studies in
Epidemiology (MOOSE) guidelines for observational
studies (Additional file 1: Appendix 2) [28]. Data will be
synthesized, and a meta-analysis will be conducted on ag-
gregate data, if applicable.

Study registration
The systematic review protocol has been registered with
the PROSPERO (registration # CRD42018088962 on
2018/02/19) International Prospective Register of Sys-
tematic Reviews (https://www.crd.york.ac.uk/prospero/
display_record.php?RecordID=88962).

Ethics and dissemination
Data for this review will be sourced from available pub-
lished and unpublished studies. As such, no patient-spe-
cific primary data will need to be collected, and
formal health research ethics approval is not required.
Our study will be disseminated through a conven-
tional peer-reviewed publication and presentation at a
scientific congress. In addition, we will disseminate
our findings regionally and nationally through the
Critical Care, Emergency Medicine and Addiction and
Mental Health Alberta Health Strategic Clinical Networks
and societies such as the Alberta Addiction and Mental
Health Research Partnership Program, Canadian Critical
Care Society, the Canadian Society of Addiction Medicine,
the Canadian Centre on Substance Use and Addiction,
and the Canadian Research Initiative in Substance Misuse,
the Canadian Frailty Network, along with media sources,
including Twitter and regional website platforms for re-
search. If our protocol needs to be amended, the date, de-
tails of the change, and the rationale will be documented
in the revised protocol and updated on PROSPERO.

Criteria for considering studies for this review
Types of studies
We will consider all primary studies (i.e., randomized
controlled trials, cohort studies, case-control studies, case
series, and audits) and secondary analyses or evidence
synthesis (i.e., systematic reviews, meta-analyses) that
describe management and outcomes of patients in acute
care healthcare settings who have been using prescribed
opioids regularly. In addition, we will search reports from
the National Information Center on Health Services
Research and Health Care Technology (NICHSR) via the
NICHSR ONESearch portal. We also will search study re-
cords via the trial registry platform ClinicalTrials.gov,
guidelines via the National Guidelines Clearinghouse, and
selected meeting abstracts from the past 3 years via the
Conference Proceedings Citation Index database (Clari-
vate Analytics). We will include studies and abstracts only
if they include sufficient detail for data analysis. We will
include policy statements from relevant organizations and
governmental agencies that include clinical practice guide-
lines and population-based statistics and data. We will
review all guidelines for relevant evidence to inform our
systematic review. The inclusion of all types of studies is
based on the fact that some interventions/harm reduction
strategies are amenable to randomized controlled trial
design (i.e., coordinated care plan in emergency de-
partments), while others may be assessed in a non-ran-
domized fashion (i.e., state-wide policy statements). We
will include only studies published in English or French.
We will consider studies published after 1996 as this is
when OxyContin was introduced and the current opioid
epidemic is believed to have largely begun. We will ex-
clude editorials, case reports, and narrative reviews.

Eligibility of individual studies
Studies will be included if they satisfy the following cri-
teria, based on a PICO format question: studies with
adults aged 18 years or older, on long-term or chronic opi-
oid therapy (intending to reflect use of prescribed opioids
more than 70% of days for at least 3 months [29] and that
present to an acute healthcare setting secondary to a com-
plication of prescribed opioid use; that include an inter-
vention representing a harm reduction strategy, as defined
as an attempt to decrease adverse consequences of long-
term opioid use; that either compare the efficacy of the
different interventions between each other or of individual
interventions compared to current care; and that address
patient or system related outcomes (e.g., ED visits,
hospitalization, ICU admission, economic considerations).

Search methods
The search strategy will be developed and executed by an
information specialist and will be peer-reviewed by a
second research librarian (Table 1). The information
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Table 1 Search strategy

Database: Ovid MEDLINE(R) Epub ahead of print, in-process, and other
non-indexed citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R)
1946 to present

1 exp Narcotics/ (111132)

2 actiq*.tw,kf. (27)

3 carfentan*.tw,kf. (243)

4 codeine*.tw,kf. (4872)

5 demerol*.tw,kf. (231)

6 (dihydro-morph* or dihydromorph*).tw,kf. (451)

7 dilaudid*.tw,kf. (69)

8 dur?gesic*.tw,kf. (84)

9 fentanyl*.tw,kf. (16667)

10 fentora*.tw,kf. (9)

11 heroin.tw,kf. (12893)

12 (hydro-codone* or hydrocodone*).tw,kf. (858)

13 (hydro-morphone* or hydromorphone*).tw,kf. (1359)

14 morphine*.tw,kf. (47330)

15 narcotic*.tw,kf. (14412)

16 lorcet*.tw,kf. (5)

17 lortab*.tw,kf. (6)

18 opiate*.tw,kf. (23769)

19 opioid*.tw,kf. (73603)

20 (oxy-codone* or oxycodone*).tw,kf. (2670)

21 (oxy-contin* or oxycontin*).tw,kf. (226)

22 percocet*.tw,kf. (58)

23 percodan*.tw,kf. (14)

24 pethidine*.tw,kf. (2304)

25 phentanyl*.tw,kf. (119)

26 sublimaze*.tw,kf. (22)

27 vicodin*.tw,kf. (56)

28 or/1-27 [Combined MeSH & text words for opioids] (186296)

29 Addiction Medicine/ (4)

30 Behavior, Addictive/ (7744)

31 exp "Chemical and Drug Induced Liver Injury"/ (26678)

32 Drug abuse/ (87805)

33 exp Drug Misuse/ (10703)

34 Drug Overdose/ (9457)

35 Neurotoxicity Syndromes/ (4428)

36 exp Opioid-Related Disorders/ (22304)

37 Poisoning/ (21631)

38 Psychoses, Substance-Induced/ (5082)

39 Self-Injurious Behavior/ (6447)

40 Street Drugs/ae [adverse effects] (1421)

41 Substance-Related Disorders/ (87805)

42 Substance Withdrawal Syndrome/ (20325)

43 ((abus* or addict* or chronic* or depend* or disorder* or intoxicat*

Table 1 Search strategy (Continued)

Database: Ovid MEDLINE(R) Epub ahead of print, in-process, and other
non-indexed citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R)
1946 to present

or mis-us* or misus* or over-dos* or overdos* or poison* or with-
drawal*) adj3 (drug* or fentanyl* or heroin* or narcotic* or opiate*
or opioid* or oxy-co* or oxyco* or morphine*)).tw,kf. (97309)

44 ((drug* or substance* or toxic*) adj2 psycho*).tw,kf. (18771)

45 or/29-44 [Combined MeSH & text words for chronic drug use]
(263106)

46 Burn Units/ (2227)

47 Coronary Care Units/ (4202)

48 exp Critical Care/ (51242)

49 Critical Care Nursing/ (1223)

50 Emergency Medicine/ (11989)

51 Emergency Nursing/ (6602)

52 exp Perioperative Care/ and (acute* or critical* or emergenc* or
intensiv* or trauma* or urgent*).mp. (19203)

53 Hospital Medicine/ (119)

54 exp Hospitals/ and (acute* or critical* or emergenc* or intensiv* or
trauma* or urgent*).mp. (42779)

55 Hospitalization/ (91123)

56 Intensive Care Units/ (45436)

57 exp Life Support Care/ (8408)

58 Operating Rooms/ and (acute* or critical* or emergenc* or intensiv*
or trauma* or urgent*).mp. (1581)

59 Respiratory Care Units/ (579)

60 exp Specialties, Surgical/ and (acute* or critical* or emergenc* or
intensiv* or trauma* or urgent*).mp. (16202)

61 Surgery Department, Hospital/ and (acute* or critical* or emergenc*
or intensiv* or trauma* or urgent*).mp. (1066)

62 ((acute* or critical* or emergenc* or intensiv* or trauma* or urgent*)
adj2 (care or centr* or department* or hospital* or unit* or
ward*)).tw,kf. (270869)

63 ((acute* or critical* or emergenc* or intensiv* or trauma* or urgent*)
and (intraoperative or operative or perioperative or
postoperative)).tw,kf. (114703)

64 ((burn* or cardi* or coronary* or heart* or respiratory*) adj2 (care or
department* or room* or unit* or ward*)).tw,kf. (27819)

65 ICU.tw,kf. (44322)

66 life support.tw,kf. (10639)

67 or/46-66 [Combined MeSH & text words for acute healthcare
settings] (564082)

68 and/28,45,67 [Combined concepts for opioids, chronic drug use, &
acute healthcare settings] (2136)

69 exp animals/ not humans/ (4426250)

70 68 not 69 [Exclude animal studies] (2116)

71 (adolescent/ or exp child/) not exp adult/ (1302784)

72 (adolescen* or child* or infan* or neonat* or p?ediatric* or
youth).ti,jw. (1500398)

73 70 not (71 or 72) [Exclude pediatric studies] (1845)

74 (comment or editorial or news or newspaper article).pt. (1210379)
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specialist will search electronic databases: Ovid MEDLINE
(1946–), Ovid EMBASE (1996–), Cumulative Index to
Nursing and Allied Health Literature (CINAHL) via EBS-
COhost (1937–), and Wiley Cochrane Library (incep-
tion–), including the Cochrane Database of Systematic
Reviews and the Cochrane Central Register of Controlled
Trials (CENTRAL). In addition, we will search reports
from the National Information Center on Health Services
Research and Health Care Technology (NICHSR) via the
NICHSR ONESearch portal. We will also search study re-
cords via the trial registry platform ClinicalTrials.gov,
guidelines via the National Guidelines Clearinghouse, and
meeting abstracts via the Conference Proceedings Citation
Index database (Clarivate Analytics). A combination of the
following search themes will be used: (1) opioids; (2)
long-term drug use; and (3) acute healthcare settings
(emergency departments, acute care surgery, critical care,
urgent care, and short-term inpatient stabilization).
Results will be limited to human studies in adult po-
pulations, published since 1996 in English or French.
We will additionally scan the reference list of relevant
included studies for additional articles. Bibliographic
records will be exported to an EndNote X9 (Clarivate
Analytics, Philadelphia, Pennsylvania) database for
screening, as defined in the studies eligibility section.

Study assessment
Study selection
Eligible articles will be identified through two phases, as
defined in the studies eligibility section. In the first
phase, two authors (JD and JG) will independently re-
view the titles and abstracts of all retrieved articles and
documents using EndNote X7 for potential inclusion. In
the second phase, full texts of the selected articles will
be retrieved, and two authors will independently review
and select studies that meet the inclusion criteria. In
each phase, disagreements will be resolved through
discussion, and in the case of unresolved matters, a third
author (OGR) will be involved. Reasons for exclusion of
full text will be recorded and displayed in a PRISMA
diagram format.

Data extraction
For full-text studies selected for inclusion, relevant infor-
mation will be abstracted using piloted and standardized
electronic data forms independently by the same two au-
thors. Descriptive analysis of the articles will be per-
formed by each author individually and will be used to
write a narrative review of the identified harm reduction
strategies, their benefits and risks, the studied outcomes,
and the quality of the studies’ conduction and reporting.
Abstracted data will be then compared amongst the two
authors. Disagreements will be resolved through discussion.
In the case of unresolved matters, a third author (OGR)
will be involved.
Data extracted will include harm reductions strategies

identified from included articles and documents, study
features, patient characteristics (i.e., age, sex, comorbid
disease, organ failure scores, acuity of illness scores,
case-mix and diagnostic classification, respiratory status
and mechanical ventilation), and outcome data, includ-
ing alteration in opioid usage, adverse events, hospital
and ICU length of stay, number of presentations to
emergency departments, number of readmissions to hos-
pitals and ICUs, time to next presentation to the emer-
gency departments, time to first readmission to hospital
and ICU, survival at 28 days, 6 months, and 1 year, and
quality of life questionnaires.

Method for missing data
We will contact the study authors for any relevant miss-
ing data. For continuous outcomes, standard deviations
may be imputed if they are not either reported or calcul-
able from other given values within the study.

Quality assessment of studies
The methodological quality of each study will be in-
dependently analyzed by two authors (JD and JG) using
the Newcastle-Ottawa Quality Assessment Scale (NOS)
for observational studies (Additional file 1: Appendix 3) [30]
and the Cochrane Risk of Bias Tool for randomized
controlled trials (Additional file 1: Appendix 4) [31].
Disagreements will be resolved through discussion. In the
case of unresolved matters, a third author (OGR) will be
involved. We will assess the quality of the body of evidence
using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) [32, 33].

Data analysis and synthesis
A comprehensive inventory of harm reduction strategies
will be developed from the included studies. Amongst
same study types (i.e., randomized controlled trials, co-
hort studies, case-control studies), when interventions,
populations, and outcomes are considered sufficiently
clinically homogenous, data will be pooled using a
DerSimonian Laird random-effects model [34]. Binary

Table 1 Search strategy (Continued)

Database: Ovid MEDLINE(R) Epub ahead of print, in-process, and other
non-indexed citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R)
1946 to present

75 73 not 74 [Exclude opinion pieces] (1810)

76 ("1996 *" or "1997 *" or "1998 *" or "1999 *" or 200* or 201*).dt.
(17023135)

77 and/75-76 [date limit applied] (1410)

78 limit 77 to (english or french) (1322)

79 remove duplicates from 78 (1315)
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outcomes (e.g., hospital admission) will be pooled using
unadjusted or adjusted risk ratios as appropriate; odds
ratios and adjusted results may be used if data from the
studies is insufficient for risk ratios calculation. Continu-
ous data (e.g., hospital length of stay) will be pooled
using mean differences or standardized mean diffe-
rences—unadjusted if possible. Statistical heterogeneity
will be assessed using the I2 statistic [35]. If any
meta-analysis contains more than 10 studies we will
assess small study bias visually using a funnel plot and
statistically using Egger’s test [36].

Study comparison and assessment
The primary objective of the study will be a simple iden-
tification of harm reduction strategies currently in use
for patients presenting to healthcare settings with com-
plications related to prescribed opioid use. The different
studies will either compare interventions between them-
selves in different arms or more commonly will compare
an intervention to established standard of care or usual
care in the institution for the relevant complication or
opioid use. As such, if possible, a quantitative compari-
son based on identified outcomes listed in sections
above will be performed to establish which interventions
are useful, not useful, or preferable to others. This will
be performed from meta-analyses from randomized-
controlled trials and non-randomized-controlled trials
separately, and the results will be discussed separately
as they apply to each study design. If a quantitative
comparison is not possible, a qualitative comparison
based on the strength of supporting data will be per-
formed to help identify the most impactful or evidence-
based strategies.

Discussion
General
Opioid use is an evolving problem which is better under-
stood and publicized in the setting of acute intoxication,
and for which long-term opioid use and its conse-
quences represent the less well-recognized part. Long-
term opioid use has high prevalence, and while the
adverse health outcomes associated with it may have a
relatively low incidence, they will still be commonly
encountered. These adverse health outcomes include
hospital and ICU length of stay, number of presentations
and time to next presentation to emergency depart-
ments, number of readmissions to hospitals and ICUs,
time to first readmission to hospital and ICU, unex-
pected death, and increased health resources in the
emergency department, acute medical care, and ICU.
The use of opioids has been shown to lead to poor
patient outcomes in terms of increased mortality, and
from a public health perspective to significant healthcare
resource utilization and societal long-term costs in terms

of work absenteeism and loss of productivity [1, 2, 13].
This likely extends to increased resource utilization in
acute healthcare, although the precise impact and solu-
tions have not been well studied or defined. However, it
has been noted that patients with acute intoxication and
with long-term opioid use (whether or not admitted
primarily from opioid use complications or not) have an
incremental risk for hospitalization and ICU admission
compared to the general population [1, 2, 10, 11, 37].
Additionally, patients with prior opioid use have longer
hospitalization, ICU length of stay, mechanical ventilation,
higher opioid needs, and associated complications as com-
pared to general population [1, 2, 10–13, 23, 37–40]. The
specific subset of patients with long-term prescribed
opioid use is less well studied but may have similar out-
comes [22, 41]. Part of these worse outcomes may be
related to poor knowledge by healthcare providers at
all levels on how to properly choose and adjust opioids
[19, 20] and how to properly control pain and drug with-
drawal symptoms.
Harm reduction strategies have been well studied in

emergency department, medical wards, and ICUs, and
may include elements such as medication list review on
admission and discharge, presence of a pharmacist during
rounds [14, 19], physician education for appropriate opioid
dosing [19, 20], and awareness of drug withdrawal symp-
toms. It may also relate to strategies initiated in the acute
care settings that extend in the outpatient setting such as
better identification processes for opioid use, progression
to opioid use disorder, and organized process for referral
to appropriate outpatient counseling and treatment pro-
gram, pain clinics, and transmission of information to
general practitioners. Our study will characterize these
features in an acute care setting, add new knowledge, and
generate greater understanding of key knowledge gaps for
long-term prescribed opioid use and its impact on health-
care, as well as related harm reduction strategies. We
expect this review will contribute to evidence-based re-
commendations for inpatient and outpatient management
of long-term prescribed opioid users, and thus improved
outcomes and decreased healthcare resource utilization.
This study may also help identify measures designed to
enhance the flow of communication between acute
care providers and community healthcare providers
related to the management of patients with long-term
prescribed opioid use who are at risk for opioid use
disorder and abuse.

Expected limitations
There are a number of potential limitations for this re-
view. First, long-term prescribed opioid use complications
may not be well recognized by healthcare professionals
and captured by studies, particularly in the acute care set-
tings, because many complications (such as falls, fractures,
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and accidents) are not identified as resulting from opioid
use [42]. Additionally, progression to opioid misuse is
inherently difficult to identify because of the underlying
need for opioids in most of these patients [42–46]. As
such, there is probably a limited amount of available stud-
ies in this specific setting, which will limit our ability to
identify harm reduction strategies and their outcomes. We
will use a broad search strategy to capture as many rele-
vant studies as possible. Second, current harm reduction
strategies are often highly dependent on patient co-
operation, which can be difficult during acute illness, and
which also might limit their applicability both in acute
and outpatient healthcare settings. Specific interventions
may be more applicable than others, and their effective-
ness will need to be assessed on an individual basis. Third,
it is anticipated that due to the paucity of focused
literature on harm reduction with long-term opioid
use in acute healthcare settings, and the expected con-
siderable heterogeneity across studies in terms of metho-
dology and patient characteristics, an aggregate analysis of
the harm reductions in the form of a meta-analysis may
not be feasible. Fourth, we will limit the study to sources
in French and English language, which may introduce a
language bias and limit the evidence available for harm
reduction strategies relating to certain populations; how-
ever, it has been previously shown that there is no
evidence of a systematic bias from the use of language
restrictions in systematic review-based meta-analyses [47],
which will limit this issue. Nevertheless, a systematic
appreciation of the data available will be important in
shaping future research and giving direction for healthcare
practitioners providing care for patients using opioids in
the long term and recovering from acute illness.

Additional file

Additional file 1: Assessment scales and guidelines used for the
systematic review and meta-analysis. (PDF 2225 kb)

Provenance and peer review
Not commissioned; externally peer reviewed.

Funding
This project is supported by the Alberta Strategy for Patient Oriented
Research (SPOR) SUPPORT Unit Knowledge Translation program.

Authors’ contributions
JD and OGR were responsible for the preparation of the protocol and
manuscript preparation. JD and OGR were responsible for finalizing the
protocol, statistical methods, and completion of the final manuscript. RF
developed the search strategy in consultation with JD and OGR and
conducted the search. SMB and OGR conceived the project and developed
the protocol, and all authors provided critical revision of the protocol and
final manuscript. OGR will guarantee the content of the review. All authors
read and approved the final manuscript.

Competing interests
SMB is supported by a Canada Research Chair in Critical Care Nephrology.

SS has received advisory board fees from Daiichi Sankyo, Inc. SS is a
specialist in occupational medicine, and some of the patients he
assesses have painful conditions.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Critical Care Medicine, Faculty of Medicine and Dentistry,
University of Alberta, 2-124E, Clinical Sciences Building, 8440-112 St,
Edmonton, NW T6G 2B7, Canada. 2School of Medicine, Faculty of Medicine
and Dentistry, University of Alberta, Edmonton, Alberta, Canada. 3Division of
Preventative Medicine, Department of Medicine, University of Alberta, 5-30
University Terrace, 8303–112 St. NW, Edmonton, Alberta T6G 2T4, Canada.
4Department of Emergency Medicine, University of Alberta, 2J2.00 WC
Mackenzie Health Sciences Centre, 8440 112 St. NW, Edmonton, Alberta T6G
2R7, Canada. 5Departments of Psychiatry and Pediatrics, University of Calgary,
Strategic Clinical Network for Addictions and Mental Health, 2888
Shaganappi Trail NW, Calgary, Alberta T3B 6A8, Canada. 6Department of
Family Medicine, University of Alberta, Suite 205 College Plaza, 8215 112 St.
NW, Edmonton, Alberta T6G 2C8, Canada. 7Department of Family Medicine,
Calgary Chronic Pain Center, 1820 Richmond Road SW, Calgary, Alberta T2T
5C7, Canada. 8Department of Anesthesia, University of Ottawa, Ottawa,
Ontario, Canada. 9Department of Critical Care Medicine, University of
Toronto, Toronto, Ontario, Canada. 10Department of Anesthesia and Pain
Management, Toronto General Hospital, University Health Network, Toronto,
Ontario, Canada. 11Transitional Pain Program, Toronto General Hospital,
University Health Network, Toronto, Ontario, Canada. 12Department of Critical
Care Medicine, Queen’s University, Kingston, Ontario, Canada. 13Addiction
and Mental Health Strategic Clinical Network, Alberta Health Services,
Edmonton, Alberta, Canada. 14Department of Psychiatry, University of Alberta,
Edmonton, Alberta, Canada. 15Alberta Research Centre for Health Evidence,
Department of Pediatrics, University of Alberta, Alberta,, Canada. 16Alberta
SPOR SUPPORT Unit KT Platform, Edmonton Clinical Health Academy,
4-486D, 11405–87 Avenue, Edmonton, Alberta T6G 1C9, Canada.
17Knowledge Translation Platform, Alberta SPOR SUPPORT Unit Department
of Pediatrics, University of Alberta, 362-B Heritage Medical Research Centre
(HMRC), Alberta, Canada. 18Primary Health Care Information Network,
Edmonton, Alberta, Canada. 19Critical Care Strategic Clinical Network,
Foothills Medical Centre, ICU Administration–Ground Floor, McCaig Tower,
3134 Hospital Drive, Calgary, Alberta T2N 2T9, Canada.

Received: 2 March 2018 Accepted: 25 March 2019

References
1. Joint Statement of Action to Address the Opioid Crisis: A Collective

Response (Annual Report 2016–2017) [Internet]. Canadian Centre on
Substance Use and Addiction. p. 24. Available from: http://www.ccsa.ca/
Resource%20Library/CCSA-Joint-Statement-of-Action-Opioid-Crisis-Annual-
Report-2017-en.pdf. [cited 2019 Mar 31].

2. Hospitalizations and Emergency Department Visits Due to Opioid Poisoning
in Canada [Internet]. Canadian Centre on Substance Abuse. Canadian
Insitute for Health Information. 2016;31. Available from: https://secure.cihi.
ca/free_products/Opioid%20Poisoning%20Report%20%20EN.pdf.

3. Gomes T, Mamdani MM, Paterson JM, Dhalla IA, Juurlink DN. Trends in
high-dose opioid prescribing in Canada. Can Fam Physician Med Fam
Can. 2014;60(9):826–32.

4. Young MM, Jesseman R. The Impact of Substance Use Disorders on Hospital
Use: Technical Report [Internet]. Canadian Centre on Substance Abuse.
2014;31. Available from: http://www.ccsa.ca/Resource%20Library/CCSA-
Substance-Use-Hospital-Impact-Report-2014-en.pdf. [cited 2018 Sep 12].

5. Rudd RA, Seth P, David F, Scholl L. Increases in drug and opioid-involved
overdose deaths-United States, 2010-2015. MMWR Morb Mortal Wkly Rep.
2016;65(5051):1445–52.

6. National Advisory Council on Prescription Drug Misuse. First Do No Harm:
Responding to Canada’s Prescription Drug Crisis (Report); 2013. p. 1–84.

7. Dunn KM, Saunders KW, Rutter CM, et al. Opioid prescriptions for chronic
pain and overdose: a cohort study. Ann Intern Med. 2010;152(2):85–92.

Deschamps et al. Systematic Reviews            (2019) 8:88 Page 7 of 8

https://doi.org/10.1186/s13643-019-0997-5
http://www.ccsa.ca/Resource%20Library/CCSA-Joint-Statement-of-Action-Opioid-Crisis-Annual-Report-2017-en.pdf
http://www.ccsa.ca/Resource%20Library/CCSA-Joint-Statement-of-Action-Opioid-Crisis-Annual-Report-2017-en.pdf
http://www.ccsa.ca/Resource%20Library/CCSA-Joint-Statement-of-Action-Opioid-Crisis-Annual-Report-2017-en.pdf
https://secure.cihi.ca/free_products/Opioid%20Poisoning%20Report%20%20EN.pdf
https://secure.cihi.ca/free_products/Opioid%20Poisoning%20Report%20%20EN.pdf
http://www.ccsa.ca/Resource%20Library/CCSA-Substance-Use-Hospital-Impact-Report-2014-en.pdf
http://www.ccsa.ca/Resource%20Library/CCSA-Substance-Use-Hospital-Impact-Report-2014-en.pdf


8. Shipton EE, Shipton AJ, Williman JA, Shipton EA. Deaths from opioid
overdosing: implications of coroners’ inquest reports 2008-2012 and annual
rise in opioid prescription rates: a population-based cohort study. Pain Ther.
2017;6(2):203–15.

9. Dowell D, Haegerich TM, Chou R. CDC Guideline for Prescribing Opioids for
Chronic Pain - United States, 2016; 2016.

10. Cannon R, Bozeman M, Miller KR, et al. The prevalence and impact of
prescription controlled substance use among injured patients at a level I
trauma center. J Trauma Acute Care Surg. 2014;76(1):172–5.

11. de Wit M, Gennings C, Zilberberg M, Burnham EL, Moss M, Balster RL. Drug
withdrawal, cocaine and sedative use disorders increase the need for
mechanical ventilation in medical patients. Addiction. 2008;103(9):1500–8.

12. Burkes R, Pfister G, Guinn B, Cavallazzi R. Opioid overdose leading to intensive
care unit admission: epidemiology and outcomes. J Crit Care. 2017;37:261.

13. White AM, Hingson RW, Pan I-J, Yi H-Y. Hospitalizations for alcohol and
drug overdoses in young adults ages 18-24 in the United States, 1999-
2008: results from the Nationwide inpatient sample. J Stud Alcohol
Drugs. 2011;72(5):774–86.

14. Kucukarslan SN, Peters M, Mlynarek M, Nafziger DA. Pharmacists on
rounding teams reduce preventable adverse drug events in hospital general
medicine units. Arch Intern Med. 2003;163(17):2014–8.

15. Alexandridis AA, McCort A, Ringwalt CL, Sachdeva N, Sanford C, Marshall
SW, et al. A statewide evaluation of seven strategies to reduce opioid
overdose in North Carolina. Inj Prev. 2018;24(1):48–54.

16. British Columbia Center on Substance Use, Health BCM of. A Guideline for
the Clinical Management of Opioid Use Disorder; 2017. p. 1–77.

17. Leape LL, Cullen DJ, Clapp MD, et al. Pharmacist participation on
physician rounds and adverse drug events in the intensive care unit.
JAMA. 1999;282(3):267–70.

18. Lynch ME, Katz J. “One size fits all” Doesn’t fit when it comes to long-term
opioid use for people with chronic pain. Can J Pain. 2017;1(1):2–7.

19. Morley-Forster PK, Clark AJ, Speechley M, Moulin DE. Attitudes toward
opioid use for chronic pain: a Canadian physician survey. Pain Res Manag.
2003;8(4):189–94.

20. Young A, Alfred KC, Davignon PP, Hughes LM, Robin LA, Chaudhry HJ.
Physician survey examining the impact of an educational tool for
responsible opioid prescribing. J Opioid Manag. 2012;8(2):81–7.

21. Herzig SJ, Rothberg MB, Cheung M, Ngo LH, Marcantonio ER. Opioid
utilization and opioid-related adverse events in nonsurgical patients in US
hospitals. J Hosp Med. 2014;9(2):73–81.

22. Van Hook C, Burneikiene S, Tangel D, Warner B. The relationship of
outpatient prescription narcotic use to the early implementation and
manner of assisted ventilation in a community hospital intensive care unit.
Intensive Care Med Exp. 2015;3(Suppl 1):A311.

23. Rootman DB, Mustard R, Kalia V, Ahmed N. Increased incidence of
complications in trauma patients cointoxicated with alcohol and other
drugs. J Trauma Inj Infect Crit Care. 2007;62(3):755–8.

24. Jeffery MM, Hooten WM, Henk HJ, et al. Trends in opioid use in
commercially insured and Medicare advantage populations in 2007-16:
retrospective cohort study. BMJ. 2018;362:k2833. https://doi.org/10.1136/
bmj.k2833.

25. Higgins J, Green S, Editors. Cochrane Handbook for Systematic Reviews of
Interventions. The Cochrane Collaboration. 2011. Available from: http://
www.handbook.cochrane.org. [cited 2018 Oct 10].

26. Centre for Reviews Dissemination. Systematic review: CRD’s guidance for
undertaking reviews in health care. 2009.

27. Moher D, Liberati A, Tetzlaff J, Altman DG, Group TP. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement.
PLoS Med. 2009;6(7):e1000097.

28. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al.
Meta-analysis of observational studies in epidemiology: a proposal for
reporting. Meta-analysis Of Observational Studies in Epidemiology (MOOSE)
group. JAMA. 2000;283(15):2008–12.

29. Yaffe PB, Green RS, Butler MB, Witter T. Is admission to the intensive care
unit associated with chronic opioid use? A 4-year follow-up of intensive
care unit survivors. J Intensive Care Med. 2016;32(7):429–35.

30. Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses [Internet]. The Ottawa Hospital Research Institute.
Available from: http://www.ohri.ca/programs/clinical_epidemiology/
oxford.asp.

31. Higgins JPT, Altman DG, Gøtzsche PC, et al. The Cochrane Collaboration’s
tool for assessing risk of bias in randomised trials. BMJ. 2011;343:d5928.

32. GRADE Evidence to Decision (EtD) frameworks: a systematic and
transparent approach to making well informed healthcare choices. 1:
Introduction | The BMJ. http://www.bmj.com/content/353/bmj.i2016.full.
print. Accessed October 11, 2018.

33. Schünemann HJ, Schünemann AHJ, Oxman AD, et al. Grading quality of
evidence and strength of recommendations for diagnostic tests and
strategies. BMJ. 2008;336(7653):1106–10.

34. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7(3):177–88.

35. Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-analysis.
Stat Med. 2002;21(11):1539–58.

36. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997;315(7109):629–34.

37. Meyer R, Patel AM, Rattana SK, Quock TP, Mody SH. Prescription opioid
abuse: a literature review of the clinical and economic burden in the
United States. Popul Health Manag. 2014;17(6):372–87. https://doi.org/10.
1089/pop.2013.0098.

38. Stevens JP, Wall MJ, Novack L, Marshall J, Hsu DJ, Howell MD. The critical
care crisis of opioid overdoses in the United States. Ann Am Thorac Soc.
2017;14(12):1803–9. https://doi.org/10.1513/AnnalsATS.201701-022OC.

39. Devlin J, Duprey M, Roberts R, Jacobson J, Wakeman S, Moreno J. 461:
Epidemiology, opioid exposure, and outcomes for ICU patients admitted
with known opioid use disorder. Crit Care Med. 2018;46(1):214. https://doi.
org/10.1097/01.ccm.0000528479.68346.e6.

40. Wilson MW, Bonnecaze AK, Dharod A, Miller PJ. Analysis of intensive care
unit admission and sequelae in patients intravenously abusing extended-
release Oral Oxymorphone. South Med J. 2017;110(3):217–22.

41. Wang PP, Huang E, Feng X, et al. Opioid-associated iatrogenic withdrawal in
critically ill adult patients: a multicenter prospective observational study.
Ann Intensive Care. 2017;7(1):88. https://doi.org/10.1186/s13613-017-0310-5.

42. Højsted J, Sjøgren P. Addiction to opioids in chronic pain patients: a
literature review. Eur J Pain. 2007;11(5):490–518. https://doi.org/10.1016/j.
ejpain.2006.08.004.

43. Savage SR. Assessment for addiction in pain-treatment settings. Clin J Pain.
2002;18(4 Suppl):S28–38.

44. Savage SR. Long-term opioid therapy: assessment of consequences and
risks. J Pain Symptom Manag. 1996;11(5):274–86.

45. Savage SR. Addiction in the treatment of pain: significance, recognition, and
management. J Pain Symptom Manag. 1993;8(5):265–78. https://doi.org/10.
1016/0885-3924(93)90155-O.

46. Portenoy RK. Opioid therapy for chronic nonmalignant pain: a review of the
critical issues. J Pain Symptom Manag. 1996;11(4):203–17.

47. Morrison A, Polisena J, Husereau D, et al. The effect of English-language
restriction on systematic review-based meta-analyses: a systematic review of
empirical studies. Int J Technol Assess Health Care. 2012;28(2):138–44.

Deschamps et al. Systematic Reviews            (2019) 8:88 Page 8 of 8

https://doi.org/10.1136/bmj.k2833
https://doi.org/10.1136/bmj.k2833
http://www.handbook.cochrane.org
http://www.handbook.cochrane.org
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.bmj.com/content/353/bmj.i2016.full.print
http://www.bmj.com/content/353/bmj.i2016.full.print
https://doi.org/10.1089/pop.2013.0098
https://doi.org/10.1089/pop.2013.0098
https://doi.org/10.1513/AnnalsATS.201701-022OC
https://doi.org/10.1097/01.ccm.0000528479.68346.e6
https://doi.org/10.1097/01.ccm.0000528479.68346.e6
https://doi.org/10.1186/s13613-017-0310-5
https://doi.org/10.1016/j.ejpain.2006.08.004
https://doi.org/10.1016/j.ejpain.2006.08.004
https://doi.org/10.1016/0885-3924(93)90155-O
https://doi.org/10.1016/0885-3924(93)90155-O

	Abstract
	Introduction
	Methods and analysis
	Discussion
	Systematic review registration

	Introduction
	Description of the condition
	Description of the intervention
	Why is it important to do this review?
	Objectives

	Methods and analysis
	Study design
	Study registration
	Ethics and dissemination
	Criteria for considering studies for this review
	Types of studies
	Eligibility of individual studies
	Search methods

	Study assessment
	Study selection
	Data extraction
	Method for missing data
	Quality assessment of studies
	Data analysis and synthesis
	Study comparison and assessment


	Discussion
	General
	Expected limitations

	Additional file
	Provenance and peer review
	Funding
	Authors’ contributions
	Competing interests
	Publisher’s Note
	Author details
	References

