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Abstract

Background Ceritically ill patients are at high risk of iatrogenic withdrawal syndrome (IWS), due to exposure to high doses
or prolonged periods of opioids and benzodiazepines.

Purpose To examine pharmacological management strategies designed to prevent and/or treat IWS from opioids and/or
benzodiazepines in critically ill neonates, children and adults.

Methods We included non-randomised studies of interventions (NRSI) and randomised controlled trials (RCTs), reporting on
interventions to prevent or manage IWS in critically ill neonatal, paediatric and adult patients. Database searching included:
PubMed, CINAHL, Embase, Cochrane databases, TRIP, CMA Infobase and NICE evidence. Additional grey literature was
examined. Study selection and data extraction were performed in duplicate. Data collected included: population, definition
of opioid, benzodiazepine or mixed IWS, its assessment and management (drug or strategy, route of administration, dosage
and titration), previous drug exposures and outcomes measures. Methodological quality assessment was performed by two
independent reviewers using the Cochrane risk of bias tool for RCTs and the ROBINS-I tool for NRSI. A qualitative synthesis
of the results is provided. For the subset of studies evaluating multifaceted protocolised care, we meta-analysed results for
4 outcomes and examined the quality of evidence using GRADE post hoc.

Results Thirteen studies were eligible, including 10 NRSI and 3 RCTs; 11 of these included neonatal and paediatric patients
exclusively. Eight studies evaluated multifaceted protocolised interventions, while 5 evaluated individual components of IWS
management (e.g. clonidine or methadone at varying dosages, routes of administration and duration of tapering). IWS was
measured using an appropriate tool in 6 studies. Ten studies reported upon occurrence of IWS, showing significant reductions
(n=4) or no differences (n==6). Interventions failed to impact duration of mechanical ventilation, ICU length of stay, and
adverse effects. Impact on opioid and/or benzodiazepine total doses and duration showed no differences in 4 studies, while
3 showed opioid and benzodiazepine cumulative doses were significantly reduced by 20-35% and 32-66%, and treatment
durations by 1.5-11 and 19 days, respectively. Variable effects on intervention drug exposures were found. Weaning durations
were reduced by 6—12 days (n=4) for opioids and/or methadone and by 13 days (n=1) for benzodiazepines. In contrast, two
studies using interventions centred on transition to enteral routes or longer tapering durations found significant increases in
intervention drug exposures. Interventions had overall non-significant effects on additional drug requirements (except for
one study). Included studies were at high risk of bias, relating to selection, detection and reporting bias.

Conclusion Interventions for IWS management fail to impact duration of mechanical ventilation or ICU length of stay, while
effect on occurrence of IWS and drug exposures is inconsistent. Heterogeneity in the interventions used and methodological
issues, including inappropriate and/or subjective identification of IWS and bias due to study design, limited the conclusions.
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Most interventions designed to prevent or manage
iatrogenic withdrawal syndromes come in the form of
complex multifaceted protocolised care including vari-
ous individual components (e.g. protocolised assessment
and/or weaning of opioids/benzodiazepines, task shift to
nurses and/or pharmacists).

Interventions to prevent or treat iatrogenic withdrawal
may reduce its occurrence, in neonatal/paediatric
patients at least, even though results are inconsistent.
However, these fail to impact duration of mechanical
ventilation, or ICU length of stay in neonates, paediatric
and adult patients.

Even though safety data upon interventions to prevent or
treat iatrogenic withdrawal are reassuring (no increase in
accidental extubation, excessive sedation or opioid over-
dose), impact upon important safety outcomes, includ-
ing impact upon ICU-acquired physical dependence or
increased QT-c prolongation, is yet unknown.

1 Introduction

Almost all mechanically ventilated critically ill patients are
exposed to opioids and/or sedatives (e.g. benzodiazepines,
propofol, dexmedetomidine) during their intensive care unit
(ICU) stay [1-7]. While recent guidelines promote sedation
minimisation, many patients are exposed to high doses of
opioids and benzodiazepines for prolonged periods [1, 2].

Iatrogenic withdrawal syndrome (IWS), a combination
of autonomic dysregulation, central nervous system arousal,
and gastro-intestinal symptoms, may occur upon abrupt dis-
continuation or rapid tapering of these drugs [8]. Critically
ill patients receiving high doses or who are exposed to opi-
oids and/or benzodiazepines for longer than 72 h are at risk
for IWS. In these patients, mixed IWS (patients receiving
both opioids and benzodiazepine, with no mention regard-
ing sequential withdrawal) occurs in 16.7-55% of adults and
7.5-100% paediatric patients [9, 10]. The development of
IWS is associated with adverse consequences, such as pro-
longed duration of mechanical ventilation and ICU and hos-
pital length of stay [11, 12]. In addition, acute IWS symptom
management leads to additional drug use, including benzo-
diazepines, opioids, and antipsychotics [11-13].

Limited guidance on prevention and management of
IWS exists, especially in adults [14, 15]. Recommendations
include identifying IWS using validated tools when available
(i.e. neonatal and paediatric patients) and systematic taper-
ing of opioids and sedatives over several days, when these
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are given for prolonged periods (i.e. more than 3-5 days)
[14-16]. Over the past 20 years, safety concerns, including
increased mortality, led guidelines to suggest reducing ben-
zodiazepine and opioid exposures [14, 15, 17, 18]. Clinical
pathways (structured multidisciplinary care plans providing
recommendations, processes and timing for the management
of specific conditions) may improve professional practices
and reduce in-hospital complications [19]. The most recent
Society of Critical Care Medicine Clinical Practice Guide-
line for the Prevention and Management of Pain, Agitation/
Sedation, Delirium, Immobility, and Sleep Disruption in
Adult Patients in the ICU has recommended an integrated
approach of these conditions. However, IWS prevention and
management was not specifically included as a component
[18]. These guidelines have recommended such pathways,
including assessment-driven, protocol-based analgesia and
sedation are recommended for use, as it is associated with
reduced duration of mechanical ventilation and sedative
exposures [18]. Studies evaluating such pathways in pae-
diatric critically ill patients have led to conflicting results
[6, 20, 21]. Also, it has been stressed that the way in which
such management impacts IWS remains an evidence gap
which must be addressed in future research [18]. Strategies
such as bridging with longer-acting enteral agents and IWS
symptom management using methadone or alpha-2 agonists
have been suggested [15, 16, 22, 23], although safety con-
cerns regarding such strategies have been raised [18, 24, 25].

Therefore, we conducted a systematic review to exam-
ine the pharmacological management strategies designed
to prevent and/or treat opioid and/or benzodiazepine IWS
in critically ill neonates, children and adults. The goal of
this review was to establish the current state of knowledge
on this topic and identify knowledge gaps to guide future
research.

2 Methods

We used PRISMA guidelines for reporting [26]. Our
methodology was based on a previously published pro-
tocol registered in PROSPERO (registration number
CRD42016042746), which focused upon IWS risk factors.
Search strategy, type of studies to be included, studied popu-
lation and conditions were identical. However, in the present
systematic review, we included interventional studies target-
ing IWS only, while our data extraction tool and methodo-
logical quality assessment were modified accordingly.

All studies fulfilling the following criteria were consid-
ered eligible: (1) involvement of critically ill patients of any
age who received regular opioids and/or benzodiazepines
during their ICU stay, (2) pharmacological interventions to
prevent and/or manage IWS, (3) a control group, (4) meas-
urement of clinical outcomes regarding IWS (incidence
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or duration of IWS using a definition or a tool, or IWS
symptomatology). Except case reports and case series, we
included all types of interventional study designs, including
cohort studies (retrospective and prospective), case—control
studies, cross-sectional studies, interrupted time series and
before-after studies. Reviews, journal clubs and commen-
tary/editorials were excluded. We excluded studies focusing
on patients known for chronic use of opioids and/or benzodi-
azepines prior to admission, studies on neonatal abstinence
syndrome and studies evaluating alcohol withdrawal. We
defined IWS as the occurrence of signs and/or symptoms of
withdrawal after exposure to opioids and/or benzodiazepines
as per authors’ definition in included studies (whether or not
they used appropriate diagnostic tools). Amongst interven-
tions, sedation and analgesia protocols were excluded except
for those involving an explicit component targeting preven-
tion and/or management of withdrawal, such as systematic
and standardised dose reductions of opioids and/or benzo-
diazepines after a predefined exposure cut-off, or systematic
addition of drugs to reduce withdrawal symptoms.

Database searching included the following: PubMed/
Medline (NCBI), the Cumulative Index to Nursing and
Allied Health Literature (EBSCOhost), Embase (Ovid SP),
Cochrane databases (Cochrane Central Register of Con-
trolled Trials, Cochrane register of systematic reviews and
the Database of Abstracts of Reviews of Effects), Turning
Research Into Practice (TRIP) database, Canadian Medical
Association (CMA) Infobase and the NICE evidence data-
base. We used individualised search strategies reviewed by
a qualified librarian (Appendix S1). Abstracts from confer-
ence proceedings were included (list presented in Appen-
dix S2). Dissertation and Thesis, CISMeF and Open Grey
databases were queried for additional grey literature. The
search was performed from inception of the databases until
December 2019. Bibliographies were manually searched for
additional citations. No filters or restrictions for language or
date of publication were applied. We imported all citations
into EndNote (version X9.3.2, Thomson Corporation, Stam-
ford, CT, USA) and eliminated duplicates. Two independent
reviewers (MAD, AJF) examined citations at a title/abstract
level and a third evaluator (DRW) confirmed fulfilment of
inclusion and exclusion criteria. Two reviewers (BS, MMP)
evaluated each study at a full-text level, independently and
in duplicate for inclusion. Discrepancies were resolved by
consensus.

We used a standardised data extraction form, which was
previously piloted on three studies. We extracted descrip-
tive data upon the included studies: publication type (study
design), year and country. Additionally, we collected data
on: (1) patient population (inclusion and exclusion criteria,
number of participants, setting, baseline characteristics); (2)
definition and type of withdrawal (opioid, benzodiazepine,
mixed and pre-intervention opioid and/or benzodiazepine

exposure); (3) withdrawal assessment (tools used, frequency
of assessment, person assessing); (4) withdrawal manage-
ment strategy (drug or strategy used, route of administra-
tion, dosage and titration scheme); (5) aim of withdrawal
strategy (withdrawal prevention and/or treatment of with-
drawal); (6) treatment characteristics (cumulative doses and
duration of intervention drugs if applicable); and (7) process
and/or outcomes measures evaluated (efficacy and safety).
Efficacy outcomes included IWS incidence, intensity and/
or duration, duration of mechanical ventilation, lengths of
stay in the ICU and in hospital. Safety outcomes included
device removal (including accidental extubation), over-
sedation (defined as sedation requiring intervention drug
interruption or naloxone use) or any drug-specific adverse
effect reported. Data from each study were extracted inde-
pendently in duplicate (BS and MAD, MMP, DRW, AJF,
PR, CG, LDB, SM, MD, AL). Disagreements were resolved
by consensus.

We assessed the methodological quality of the included
studies using the Cochrane risk of bias tool for randomised
controlled trials (RCTs), and the ROBINS-I tool for non-
randomised studies of interventions (NRSI) [27, 28]. The
methodological quality of the studies was assessed in dupli-
cate by three authors (BS and DRW/MMP). Disagreements
were resolved by consensus.

Results were summed descriptively. Information regard-
ing study population, outcomes, study design, controls and
interventions were summarised. Additional information on
the assessment and definition of IWS, occurrence of IWS,
duration of mechanical ventilation, duration of ICU stay and
adverse consequences reported were summed up. Informa-
tion on opioid and benzodiazepine exposure (cumulative
dose and duration), intervention drug exposure (cumula-
tive dose and duration) and need for rescue doses were also
summarised.

Descriptive sensitivity analyses were planned for paediat-
ric versus adult populations and for studies before and after
year 2000 to account for changes in practice given studies
on daily sedation interruption.

Anticipating heterogeneity in the nature of interventions
to prevent and manage IWS, we did not plan to proceed to
a meta-analysis. However, given the important proportion
of studies involving protocolised management as compo-
nents of multifaceted interventions, which were included in
our systematic review, further data synthesis was consid-
ered upon completion of the study, for those interventions
specifically. We examined the potential to meta-analyse the
results of the latter studies for specific outcomes (frequency
of patients experiencing IWS, duration of mechanical ven-
tilation, ICU length of stay, and adverse effects). Outcomes
were pooled using Review Manager (RevMan) Version 5.3
(Copenhagen: The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014). Statistical heterogeneity was measured
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using the I statistic. A random effect model using the Der-
Simonian and Laird method was used for all outcomes. To
enable meta-analysis, means and standard deviations of
three studies were estimated using medians and interquartile
ranges as previously described [29]. Results for duration of
mechanical ventilation and duration ICU length of stay are
presented as mean differences with 95% confidence intervals
(95% CI), whereas frequency of patients experiencing IWS
is presented with odd ratios (OR) and 95% CI. Additionally,
we examined the overall quality of the body of evidence
relative to those interventions according to GRADE [30],
for each of the latter outcomes. We downgraded the evi-
dence from ‘low quality’ by one level for serious or very-
serious study limitations (risk of bias), indirectness of evi-
dence, serious inconsistency, imprecision of effect estimates
or potential publication bias. The assessment was done in
duplicate and disagreements were resolved by consensus.

3 Results
3.1 Study Selection

The search strategy retrieved 35,760 of which 25,267 unique
citations were retained following duplicate removal; 25,102
were excluded based on titles and abstracts alone (Fig. 1).
We assessed 165 full texts for eligibility and finally included
13 individual studies.

3.2 Study Characteristics

Of the 13 studies, 10 were NRSI [31-40], and 3 were ran-
domised controlled trials (RCTs) [41-43] (Table 1). Nine
studies were conducted in North American ICUs [31, 33, 34,
37-42] and 12 were single-centre studies [43].

Heterogeneity was found in the type of patients included
(Table 1). Only two studies involved adult patients [35, 43],
while the rest involved neonatal and paediatric patients
[31-34, 36—42]. Nine studies included only patients at risk
of IWS based on opioid and/or benzodiazepine exposure
of at least 5 days in six studies [32, 33, 40-43] and at least
7 days in three studies [31, 37, 38]. Other studies included
patients based on previous experience of IWS [35, 41], expo-
sure to treatment for IWS [34, 39], or use of mechanical
ventilation for >24 h [36]. One of the studies included both
patients at risk of IWS (pre-emptive enrolment) and patients
experiencing IWS (rescue enrolment) [41]. Another study
included neonates with in-utero exposure to opioids, in addi-
tion to patients at risk for IWS [34].
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3.3 Interventions and Comparators

Interventions and comparators described were heterogene-
ous (Table 1) and may be broadly categorised in two main
categories: multifaceted protocolised care targeting IWS
(n=28) as compared to usual practices [31, 33, 34, 36—40]
or interventions focusing on individual aspects of IWS man-
agement (n=35) [32, 35, 41-43] (see Table 2 for a detailed
description of interventions). Multifaceted protocolised
care included more than one implementation component
(e.g. local consensus formalised by protocols, task shift to
non-physician staff, education, reminders) [44]. Individual
interventions involved using a specific drug for IWS (cloni-
dine or methadone) against placebo in two studies, both of
which were conducted in adult patients [35, 43]; or testing
various dosages [42], routes of administration [32] or dura-
tions of tapering [41], in three studies, all of which were
conducted in the paediatric/neonatal setting. Studies involv-
ing multifaceted protocolised care were all conducted in pae-
diatric/neonatal populations [31, 33, 34, 36—40]. Task shift
to nurses (n=35) [31, 34, 36, 38, 40] or pharmacists (n=3)
[34, 37, 39] (vs physician-managed standard of care) was an
element of most of these interventions. One study involved
incorporation of the protocol’s order sets in electronic health
records [40].

Studies focused on IWS management related to opioids
alone (n=28) [34, 37-43], or both opioids and benzodiaz-
epines (n=15) [31-33, 35, 36]. Methadone was the drug of
choice for opioid-induced IWS [31, 33, 34, 37-43], while
lorazepam or diazepam were most commonly used for ben-
zodiazepine-induced IWS [31, 33, 41, 42]. Clonidine was
evaluated in two studies, as an intervention drug in adults
(n=1) [35] or as an adjuvant drug in very-high risk paedi-
atric patients (n=1) [39]. Gradual tapering of scheduled or
continuous infusions of opioids and/or benzodiazepines was
evaluated as the sole IWS prevention strategy in one study
[36], while it was an element of the strategy in six studies
[31, 38-40, 42, 43].

3.4 Measures of the Effects of Interventions

Details of withdrawal assessment and clinical outcomes are
reported in Table 3. Withdrawal was measured using a scale
in nine paediatric/neonatal studies [31, 32, 34, 36, 38-42].
Validated tools to identify IWS included: the Withdrawal
Assessment Tool (WAT-1) [31, 32, 38, 40], the Opioid and
Benzodiazepine Withdrawal Score (OBWS) [34] and the
Sophia observation withdrawal symptoms scale (SOS) [36].
The Finnegan Neonatal Abstinence Syndrome (NAS) moni-
toring tool (original or modified) was used in four studies
[34, 39, 41, 42]. Symptom-based identification of IWS was
used in the remaining 2 paediatric studies [33, 37] and in
both adult studies [35, 43].
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All but two paediatric studies [39, 40] evaluated effects of
interventions upon IWS occurrence, reporting: proportions
of scores indicating IWS (n=2) [31, 38], likelihood of IWS
(n=1) [32], average of IWS episodes per patient (n=1) [34]
and IWS prevalence (n=06) [33, 36, 37, 41-43]. Occurrence
of IWS was found to be significantly reduced in four of these
studies [31, 33, 34, 36]. Only one study reported prevalence
of IWS among adult patients and found no significant dif-
ference [43]. Among studies measuring IWS using a scale,
three different protocolised multifaceted strategies showed
significant improvements in paediatric/neonatal patients:
proportions of scores indicating IWS were reduced by 9.2%
in one study [31], scores indicating IWS were 4- to 8-times
less frequent in another [34], while overall IWS prevalence
was reduced by 15.3% in a third study [36]. Severity of
IWS failed to show significant differences in two paediatric
studies [39, 41]. No studies reported adverse consequences
related to severe forms of IWS (e.g. seizures or myocardial
infarction).

No studies reporting on mechanical ventilation duration
or ventilator-free days, including 6 paediatric/neonatal and
1 adult study, reported any differences between groups [31,
36, 38-41, 43]. However, one study reported methadone
more than doubled the probability of successful weaning
from mechanical ventilation on day 5 (hazard ratio 2.64,
95% CI 1.22-5.69) in critically ill adults [43]. Similarly,
interventions failed to impact ICU length of stay in six stud-
ies involving paediatric patients [31, 36, 38—41]. In contrast,
hospital length of stay for paediatric/neonatal patients was
significantly reduced by approximately 8 days in one study
[31] and by 38% (corresponding to 41 days) in another [39],
while four studies (including one adult study) showed no
difference [33, 38, 41, 43]. One study failed to show any
difference in hospital mortality [43]. No study reported long-
term consequences of IWS extending beyond the ICU. How-
ever, two studies evaluating the same intervention involving
protocolised IWS management showed no significant differ-
ences in opioid prescription upon discharge in paediatric/
neonatal patients [31, 38].

Adverse effects or unintended consequences of interven-
tions were reported in six studies [31, 35-38, 42]. Three
studies evaluating protocolised care in children and neo-
nates, reported no significant differences in accidental extu-
bation rates [31, 36, 38]. One study evaluating two different
doses of methadone in paediatric patients reported no sig-
nificant difference for excessive sedation [42]. Two studies,
both evaluating protocolised care in children and neonates,
reported no differences in naloxone use for opioid overdose
[31, 38]. No significant differences were observed for treat-
ment-specific adverse effects (i.e. hypotension, bradycardia
and arrhythmia for clonidine or hypersensitivity for metha-
done) [35, 37].

Nonclinical outcomes were evaluated in two paediatric/
neonatal studies. One study showed a significant decrease in
hospitalisation costs per patient by approximately $17,000
using protocolised IWS management [31]. Another study
evaluated process implementation: 37.5% of patients had
documented IWS scores before implementation, while 95%
had IWS score documentations after implementation [39].

Information on effects of the intervention on opioid and/
or benzodiazepines exposures (cumulative dose and/or treat-
ment duration) was available for all but one [37] paediatric
studies [31-34, 36, 38—42] and none of the adult studies
[35, 43] (Table 4). Opioid cumulative doses were signifi-
cantly reduced by 15.6-17.2 mg/kg/patient (in morphine
equivalents) in two studies reporting on a similar multifac-
eted protocolised care strategy [31, 38], while no differences
were found in three other studies [33, 36, 41]. Similarly,
amongst five studies designed to target IWS related to ben-
zodiazepines [31-33, 35, 36], benzodiazepine cumulative
doses were significantly reduced by 1.0-5.2 mg/kg/patient
(in midazolam equivalents) in two studies [31, 36], and no
differences were found in one study [33]. Total opioid treat-
ment duration was significantly reduced by 6-11 days in the
two studies reporting on a similar protocolised strategy [31,
38], by 1.5 days in a study focusing on duration post-meth-
adone initiation [39]. In contrast, no significant differences
were found in three other studies [32, 34, 41]. Amongst five
studies designed to target IWS related to benzodiazepines
[31-33, 35, 36], total benzodiazepine treatment duration was
significantly reduced by 19 days in only one study [31].

Regarding intervention drug exposures (Table 4), dura-
tions of treatment using methadone and/or lorazepam were
reported in nine studies (n=9) [31, 33, 34, 37-42], all of
which were paediatric. Five of these studies reported sig-
nificant reductions in: opioid wean durations ranging from
6 to 11 days [31, 38] and methadone duration ranging from
3.8 to 12 days [33, 39, 40]. In contrast, no significant effect
on intervention drug durations was found in three studies
[34, 37, 42], while another reported a 0.3 days significant
increase in combined methadone/lorazepam durations [41].
Similarly, contrasting results were found for benzodiaz-
epine intervention drugs as one study reported a significant
reduction in benzodiazepine wean duration by 14 days [31],
while another reported significant increases in lorazepam
duration by 6.7 days, and its cumulative dose by 2.7 mg/
kg/patient [33]. Overall, interventions had non-significant
effects on additional drug requirements or “rescue dose”
administrations, except for one study, which showed mul-
tifaceted protocolised care significantly reduced clonidine
co-administration by 18% [31].
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3.5 Risk of Bias

Three RCTs were evaluated using the Cochrane risk of bias
tool for RCTs [41—43], while the ROBINS-I tool was used
to evaluate nine NRSI [31-40] (Table 5). Amongst the latter,
significant bias related to unaccounted secular variations,
as none of the before-after or historically controlled stud-
ies had an appropriate control group. The studies included
were overall at high risk of bias, essentially due to selection,
detection and reporting bias.

Selection bias was an issue in all but one NRSI [35],
essentially related to failure to systematically acknowledge
important confounders or failure to adjust for the latter [31,
34, 3640]. These confounders included age, dose and dura-
tion of opioid and/or benzodiazepines prior to intervention.
Also, exclusion of patients based on outcomes potentially
influenced by interventions (e.g. death, transfer to other
units, tracheostomy, incomplete tapering), increased the
risk of selection bias for NRSI [31, 34, 37-40]. Selection
bias was an issue in all but one RCT [43], as one RCT was
considered as high risk due to allocation concealment [41],
and insufficient information to allow for judgement in the
other [42].

All NRSI were at moderate risk [31, 33, 36, 39, 40] or
high risk [32, 34, 35, 37, 38] of performance bias. Incom-
plete definitions of interventions were found in some studies
[32, 34, 35, 37]. Additionally, performance bias was also
present in the form of low compliance to protocols in studies
evaluating such interventions or the presence of co-inter-
ventions, which included: using additional drugs potentially
impacting weaning (e.g. dexmedetomidine or antipsychot-
ics), or additional management (assessing and/or treating)
of pain, agitation or delirium [31-40]. Amongst RCTs, one
study had insufficient information to assess performance bias
[42] and the two other studies were at low risk of perfor-
mance bias [41, 43].

Complete outcome data were available for all participants
in most studies available in full-text, resulting in a rating of
low risk of attrition bias for a majority of studies [31, 34,
37-40, 43]. Attrition bias was only present in one RCT [42]
and two NRSI [35, 36].

Detection bias was found to be an issue in seven NRSI
[33-37, 39, 40], essentially due to the subjective nature of
outcomes evaluated (e.g. occurrence of withdrawal symp-
toms), or the use of surrogate markers for diagnosis. Detec-
tion bias was low in two RCTs [41, 43] and unknown in
another [42].

None of the studies referred to a published protocol. How-
ever, a majority of NRSI (n=7) were considered at high risk
of reporting bias, as exposures to opioids and benzodiaz-
epines (total dose and duration) and/or occurrence of IWS
evaluated using an appropriate tool were not reported [32,
34-37, 39, 40]. Reporting bias was found in one RCT [41].
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3.6 Sensitivity Analyses

We were unable to perform the descriptive sensitivity analy-
sis for studies done before and after year 2000 because none
of the included studies were published before year 2000,
therefore sensitivity analysis based on publication date were
not performed. Additionally, we were unable to perform the
sensitivity analysis planned for paediatric (neonates and
children) versus adult studies due to the heterogeneity of
definitions used for outcomes, including IWS.

3.7 Post-hoc Data Synthesis Focusing
on Interventions Evaluating Multifaceted
Protocolised Care

Amongst the eight studies evaluating multifaceted protocol-
ised management of IWS, we were able to pool data from
six studies to examine important outcomes (Table 6) [31, 33,
36-38, 40]. Data from three studies (n =272 participants)
contributed to the analysis of frequency of IWS [33, 36, 37].
The other studies, which rather reported surrogate outcomes,
were excluded [31, 34, 38—40]. Multifaceted protocolised
management reduced the frequency of patients experiencing
IWS (OR 0.39, 95% CI 0.16-0.96). Data from three studies
(n=272 participants) contributed to the analysis of duration
of mechanical ventilation [31, 38, 40] and from four studies
(n=1324 participants) for ICU length of stay [31, 38—40].
The other studies, were excluded for: not reporting such
outcomes [33, 34, 37] or for missing standard deviations
[36]. Multifaceted protocolised management of IWS had no
impact on duration of mechanical ventilation; however, dura-
tion of ICU length of stay was significantly reduced (mean
difference 2.59 days, 95% CI 0.17-5.00). Data from the three
studies (n =452 participants), for which unplanned extuba-
tion rates were available, were not pooled due to extremely
low event rates [31, 36, 38].

For all the previously reported outcomes, evidence
regarding the impact of multifaceted protocolised manage-
ment of IWS, was of very low quality (Table 6, detailed
evaluation available in Appendix S3). All studies were
observational (low quality of evidence), and the ratings of
the body of evidence were downgraded due to risk of bias
(confounding and detection bias), inconsistency, indirect-
ness (only paediatric patients included), imprecision and
publication bias.

4 Discussion

We identified 13 interventional studies, enrolling 899 neona-
tal/paediatric patients and 98 adults, which evaluated phar-
macological management of IWS in the ICU. Interventions
to prevent or treat IWS management fail to make differences
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on important clinical outcomes such as duration of mechani-
cal ventilation, or ICU length of stay, in neonates, paediat-
ric and adult patients [31, 36, 38—41, 43]. At best, metha-
done increases the probability of successful weaning from
mechanical ventilation in critically ill adults with important
opioid exposures, as shown in a single study [43]. Notewor-
thy, only three studies were powered for such outcomes (two
in paediatric/neonates and one in adult patients) [36, 39,
43]. Results were inconsistent as to whether such interven-
tions would actually impact IWS, four studies have shown
reduced occurrence of IWS in paediatric patients [31, 33,
34, 36], while no differences were found in one adult [43]
and five paediatric studies [32, 37, 38, 41, 42]. Variability
in definitions used for occurrence of IWS and lack of appro-
priate detection of IWS in one-third of the studies [33, 35,
37, 43], prevent us from drawing useful and robust conclu-
sions. Finally, some outcomes, which we deemed clinically
important, were not investigated in any study (i.e. duration
of IWS, relapse, post-ICU physical dependence and health-
related quality of life). Developing a core outcome set for
studies examining IWS, as for conditions such as neonatal
abstinence syndrome or delirium [45, 46], may address the
latter issues. Shared definitions of important and meaningful
outcomes would allow combination and comparison of study
outcomes and assist in the development of robust conclu-
sions about effectiveness of interventions. However, clini-
cians may be reassured that no studies reported significant
increases in adverse events, including accidental extubation,
excessive sedation or opioid overdose [31, 35-38, 42].
Cautious interpretation of available data, as to whether
interventions designed to manage IWS impact important
patient outcomes is necessary, as a majority of such inter-
ventions were multifaceted protocolised care interventions
(n=38) [31, 33, 34, 36-40], which may result in a “low signal
to noise ratio”. Our pooled data suggest these may reduce
the frequency of patients experiencing IWS, and ICU length
of stay; however, this is supported by a very low quality
body of evidence. Such interventions are “complex interven-
tions”, involving a wide range of implementation measures
including: task shift to nurses or pharmacists (vs physician
managed care), protocolisation, and educational strategies.
Additionally, successful implementation assumed changes
in multiple behaviours (i.e. measuring IWS, communicating
its results, ensuring prevention and treatment of IWS appro-
priately and in a timely fashion), involving different health-
care professional categories, both increasing the complexity
of interventions. Finally, comparators were usually poorly
defined as “usual care”, which may represent a wide range
of levels of care. Therefore, the impact of these “complex
interventions” may reflect contextual or implementational
issues rather than (in)effectiveness. Evaluation and tailoring
to previously identified barriers were not documented in the
included studies, which may contribute to failure. Surrogate
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process measures (e.g. adherence to protocol) are recom-
mended to ensure interventions were conducted as intended;
unfortunately, these were not reported in four of those stud-
ies [33, 34, 37, 40]. Also, variability in individual level out-
comes may reflect higher level processes; sample sizes may
need to be larger to take into account the extra variability;
however, four studies had small sample sizes [33, 37, 39,
40]. Noteworthy, three of the four trials actually showing a
significant reduction in occurrence of IWS [31, 33, 34, 36]
included larger sample sizes [31, 34, 36].

Further complexity in result interpretation emanates from
wide heterogeneity in the identified interventions. Five stud-
ies evaluated interventions focusing on individual aspects
of IWS management [32, 35, 41-43], all of which evaluated
very different aspects of management: drug type (clonidine
[35] or methadone [43] vs placebo), route of drug adminis-
tration (enteral or parenteral) [32], methadone dose [42], or
duration of methadone tapering [41]. A systematic review
of methadone weaning practices among paediatric critical
care patients was recently conducted, also demonstrating
a wide heterogeneity in practices, with dosages ranging
from 0.15 to 1.8 mg/kg/day, dosing interval ranging from
6 to 12 h, and weaning rates ranging from 3 to 20% dose
reductions per wean [47]. Similarly, as mentioned previ-
ously, a majority of interventions were multifaceted proto-
colised care interventions (n=28) [31, 33, 34, 36-40], and
these strategies also encompass a wide variety of individual
aspects of drug management (using various routes, dosages
and tapering durations of methadone and/or of continuous
opioids and benzodiazepines), as well as a wide variety and
intensities in accompanying implementation measures (e.g.
educational measures, task delegation, multidisciplinary
management). Noteworthy, despite heterogeneity, the use
of methadone alone or with benzodiazepines seemed to be
a constant component, as it was used in a majority of studies
(n=9) [31, 33, 34, 37-39, 41-43]. Other pharmacological
options for opioid withdrawal were scarcely examined or
not at all: clonidine was used in two studies [35, 39], while
buprenorphine, dexmedetomidine, gabapentin, or propofol,
were never used. Slow tapering of parenteral opioids and
benzodiazepines was part of the intervention in most of the
studies, but was evaluated in only one adult study [36].

Even though we have observed some reassuring data
upon adverse effects of interventions to prevent or manage
IWS, we cannot draw firm conclusions upon their safety.
First, accidental extubation and/or excessive sedation were
reported as an outcome in only three studies [31, 36, 38].
Second, methadone has been associated with QTc prolon-
gation and increased risk of life-threatening effects, such
as torsade de pointe and cardiac arrest [25]. However, none
of the studies included in our systematic review system-
atically documented QTc interval prolongations, although
most have used methadone [31, 33, 34, 37-43]. Such a
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Table 5 Study type and risk of bias
~ -
[=)
5 c
5 -E h-]
= s 3}
c 5 g 2
Author, year Design 8 £ 'ﬁ = 23
g H i ££
2 g " cz S ° ]
5 8 2 2 §5 €5 g 3 S
8 5 E 5 §% 5% s 5 2
H B 5~ S~ 25 S5 =S S £
iF 8 23 |33 2z se £ % 5
=17 k-] £ 9 Sg ] a 2 s
13 = SZ |32 =E -] H a ]
Berens, 2006 RCT (double blinding, parallel groups) UNKNOWN | SERIOUS na. na. na UNKNOWN SERIOUS
Bowens, 2011 RCT (double blinding, parallel groups) UNKNOWN | UNKNOWN na. na. na. UNKNOWN | SERIOUS | UNKNOWN
Wanzuita, 2012 RCT (double blinding, parallel groups) na. na. na.
Amirnovin, 2018 BAS (prospective data collection) na. na. SERIOUS SERIOUS MODERATE UNKNOWN
Barry, 2016 Retrospective cohort study na. na. UNKNOWN | UNKNOWN | SERIOUS | UNKNOWN | UNKNOWN | UNKNOWN | SERIOUS
Basnet, 2011 BAS (retrospective data collection) na. na. UNKNOWN | UNKNOWN MODERATE | UNKNOWN | SERIOUS | UNKNOWN
Johnson, 2014 HCS na. na. SERIOUS | SERIOUS | SERIOUS | SERIOUS - SERIOUS | SERIOUS
Liats), 2009 BAS (same patients before and after) na. na. UNKNOWN | SERIOUS | MODERATE | SERIOUS | SERIOUS | SERIOUS
Neunhoefter, 2017 BAS (prospective data collection) na. na. SERIOUS MODERATE | MODERATE | SERIOUS | SERIOUS
Robertson, 2000 HCS na. na. SERIOUS SERIOUS | MODERATE | SERIOUS SERIOUS SERIOUS
Sanchez Pinto, 2018 BAS (prospective data collection) na. na. SERIOUS SERIOUS SERIOUS UNKNOWN
Steineck, 2014 Retrospective case-control (post-pre-protocol) study na. na. SERIOUS SERIOUS MODERATE SERIOUS SERIOUS
Waters, 2019 BAS (retrospective data collection) na. na. SERIOUS | SERIOUS | MODERATE | MODERATE SERIOUS | SERIOUS

BAS before after study, HCS historically controlled study (retrospective data collection in the pre-group, prospective data collection in the post-
group), NA non applicable, NRSI non-randomised study of interventions, RCT randomised controlled trial

gap in knowledge is particularly worrisome in critically ill
patients, as QT prolonging drugs are frequently adminis-
tered in the ICU and QTc prolongation has been associated
with increased length of stay and mortality in critically ill
patients [48, 49]. Finally, in the context of the opioid crisis
in North America, knowledge about whether IWS manage-
ment strategies actually influence (positively or negatively)
opioid prescription upon discharge is of paramount impor-
tance. Initiating weaning strategies using enteral opioids
may actually increase ICU-acquired physical dependence,
as approximately one-third of opioid naive patients receiv-
ing enteral opioids to wean off continuous infusions, may
actually receive an opioid discharge prescription [24].
Additionally, opioids initiated in the ICU largely contrib-
ute to inappropriate discharge opioid prescribing in elderly
patients [50]. Only two studies evaluating the same interven-
tion involving protocolised IWS management have evaluated
opioid prescription upon discharge, in paediatric/neonatal
patients, showing no significant differences [31, 38]. Finally,
as most of the multifaceted protocolised care interventions
require multidisciplinary care, communication and frequent
re-assessments of the patient management plan are needed.
Such strategies are time and resource intensive, therefore
unintended consequences of implementation of such strate-
gies should have been reported (e.g. nursing workload), as
these are prone to backfire (i.e. time spent to implement such
interventions by clinical staff may be limiting time spent on
other aspects of important patient care).

This is the first systematic review examining management
of IWS related to opioids and/or benzodiazepines for ICU
adult and paediatric patients. We identified two recent sys-
tematic reviews examining the use of methadone for preven-
tion or treatment of opioid-related IWS in paediatric patients
exclusively [47, 51]. Both supported the use of tapering pro-
tocols. One [51] based its conclusion on five studies [36, 37,
39, 41, 52]. The authors of the second proceeded to a meta-
analysis [47], including three studies [33, 37, 39], and con-
cluded that institution of a methadone protocol decreased the
likelihood of withdrawal. Except for one study [52], which
we excluded due to non-interventional design, all studies
supporting the conclusions of both systematic reviews were
included in our systematic review. We have not proceeded
to a meta-analysis of all the interventions identified for the
management of IWS, namely because these were widely
heterogeneous. As an example, in the three studies which
were meta-analysed, systematic tapering of continuous infu-
sions of opioids was mentioned in one study [39], one used
intravenous methadone [37] and two others used an oral/
enteral form [33, 39], weaning durations ranged from a fixed
7-day duration [33], to a tapering duration based on previ-
ous exposures ranging from 3 to 24 days [37, 39], additional
clonidine use was permitted in one study [39], while another
targeted mixed IWS using lorazepam [33]. Intensification
of assessment of IWS using a score [39] and involvement of
pharmacists [34, 37, 39] are also elements which were not
systematically considered part of the intervention.

A\ Adis



1228

B. Sneyers et al.

Table 6 Quality of evidence in studies evaluating multifaceted protocolised management of iatrogenic withdrawal syndrome as compared to

standard of care

Outcomes Assumed risk (control ~ Corresponding risk Relative effect n participants n studies Overall quality of
group risk) (intervention group (design) evidence
risk)
Frequency of iatro- 36% (50/139) 18% (24/133) Odds ratio (95% CI) n=272 Very-low quality®
genic withdrawal 0.39 (0.16, 0.96)* 3 studies (observa-
syndrome % (n/N) tional)
Duration of mechanical The mean ranged The mean ranged Mean difference (95% n=272 Very-low quality®
ventilation (days) across control groups  across intervention CI) 3 studies (observa-
from 10 to 12.7 days groups from 9.3 to 0.06 (- 3.06, 3.18)° tional)
19.3 days
ICU length of stay The mean ranged The mean ranged Mean difference (95% n=324 Very-low quality?
(days) across control groups  across intervention CI) 4 studies (observa-
from 16.3 to 67 days groups from 14.3to0  —2.59(-5.00,—0.17)°  tional)
44.6 days
Adverse effects: 1% (3/239) 1% (3/213) Not meta-analysed n=452 Very-low quality®
unplanned extubation 3 studies (observa-
% (n/N) tional)

Heterogeneity: 2=0.18; y*=2.43, def=2 (p=0.30); P=18%
"Heterogeneity: 2 =4.43; y*=5.87, def=2 (p=0.05); I>=66%
“Heterogeneity: 72=0.00; y*=2.49, def=3 (p=0.48); ’=0%

dDown-graded one level for risk of bias, indirectness, imprecision and publication bias

*Down-graded one level for risk of bias, inconsistency, indirectness, imprecision and publication bias

CI confidence interval

Except for one RCT, involving critically ill adults, no
included trials scored low risk of bias across all domains
[43]. Various recommendations may be made for future
research. First, to identify impact directly attributable to
pharmacological components of interventions, implementa-
tion of pharmacological and non-pharmacological co-inter-
ventions should be systematically applied in both groups,
reducing performance bias. Second, systematically using
validated monitoring tools for IWS, available for paediatric
patients at least [53—55], and developing appropriate tools
for adults, are both essential in reducing detection bias. Also,
future studies must concomitantly assess pain, agitation and
delirium using validated tools as symptoms overlap with
those of IWS [15, 54, 56-58]. Finally, significant selec-
tion bias was important, due to patient confounders. Most
studies were uncontrolled before-after studies or histori-
cally controlled studies without appropriate control groups
[31-40], and only three of the studies were RCTs [41—43].
Step wedged cluster randomised designs may be a better
fit for the evaluation of “complex interventions”, including
multifaceted protocolised care [59].

4.1 Strengths and Limitations
Several aspects increase the internal validity of our system-

atic review. First, we used a highly sensible search strategy
and have conducted an exhaustive search including grey
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literature and no language limitation. Most of the evidence
available to date upon pharmacological strategies for IWS
is actually multifaceted strategies, performed with prag-
matic designs in local initiatives contexts (out of research
settings). Additional efforts to locate unpublished studies
(searching conference proceedings, unpublished theses and
dissertations, and other grey literature) were essential, as
publication bias is an important issue for such interven-
tions. Study selection and data extraction were performed
in duplicate. Discrepancies were resolved by consensus and
involved a third reviewer. However, since very few elements
required discussion, we believe this reflects high inter-rater
agreement and that the study selection and data extraction
were performed in a reliable fashion. Quality ratings of the
included studies were performed using recommended tools
(the Cochrane risk of bias tool for RCTs and the ROBINS-I
tool for NRSI), further increasing reliability. One may ques-
tion inclusion of NRSI, as the inherent higher risk of bias
may threaten confidence in our results regarding efficacy and
safety of pharmacological interventions to manage IWS. We
believe IWS acquired in the ICU has gained attention only
recently, over the past decade, especially in adults; therefore,
at this stage, inclusion of observational studies is reason-
able. Furthermore, inclusion of studies where identification
of IWS relies exclusively on symptom, further threatens the
internal validity of our results regarding occurrence of IWS
systematic review. Validated tools to identify IWS such as
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Fig. 1 Study selection flow
diagram

Total number of records identified

(n=35760)

Duplicates removed (n=10493)

Records screened (n=25267)

Records excluded based on title or abstract
(n=25102)

Full-text articles assessed for eligibility

(n=165)

Full-text articles excluded (n=152):
-Innappropriate publication type (n=59)
-No intervention to prevent or treat withdrawal syndrome (n=50)
-No comparator (n=20)
-No assessment of withdrawal syndrome (n=10)

-Not target population (n=7)

-Duplication of published data (n=3)

-Lack of description of interventions (n=2)

-No published results (n=1)

Studies included in qualitative synthesis
(n=13 studies)

the WAT-1 and SOS scores were developed for paediat-
ric patients only recently [53—55]; however physiological
response in adults may be different [60, 61]. As we sought
to provide data upon adult patients, inclusion of such studies
was necessary.

Various threats to the external validity of our results
deserve to be mentioned. First, the vast majority of the stud-
ies reported were done in the paediatric/neonatal population
and very limited data was found in adults. Therefore, how
our conclusions may be applied to adults is questionable,
as these merely represented 10% of the included patients.
Second, even though we have applied no geographical or lin-
guistic limitations, a majority of the studies were conducted
in North American ICUs [31, 33, 34, 37-42] and only one
was multicentric [43]. Generalisability to other geographical
areas or settings is questionable; especially for the appli-
cation of multifaceted protocolised management of IWS,
the majority of studied interventions, as these are highly

sensible to contextual features [62]. Research in ICUs faces
particular challenges, as management patterns for critically
ill patients may differ dramatically, even between neigh-
bouring countries with comparable socioeconomic param-
eters [63]. Also, pain, agitation and delirium assessment,
prevention and management regimens, have been shown to
be highly heterogeneous [64]. Variability in opioid and ben-
zodiazepines exposure, as per usual practice or as a result
of drug interactions or organ failure, may in turn result in
heterogeneous occurrence of IWS. The risk of IWS might
also be variable over time in infants, given the immaturity of
certain receptors (GABA, NMDA, opioid receptors) at birth
and decreased metabolism and clearance of midazolam and
morphine [65]. Finally, despite no limitations in publication
dates, all the studies included were published over the past
decade. However, pain, agitation and delirium practices have
evolved dramatically. Guidelines for critically ill adults have
moved towards mitigation of opioids’ and benzodiazepines’
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use, timely extubation, early mobility and increased attention
to delirium over the past 20 years [14, 18, 66]. Research in
the field for critically ill paediatric patients is in its infancy
and somewhat points in the same direction for some inter-
ventions, although there were concerns for potential harm
with daily sedation interruption in that population [6, 15].
We therefore anticipate evolution of risk factors for IWS
in critically ill patients. Additionally, increased attention to
delirium identification, using validated tools, which were
only recently published in the paediatric population, will
shape future results of IWS studies, as both conditions have
overlapping symptoms [54, 56-58].

5 Conclusion

Interventions for IWS management studied to date include
complex multifaceted care as well as single pharmacologi-
cal interventions targeting specific components of IWS man-
agement (drug type, administration route, tapering duration).
Such interventions fail to impact important clinical outcomes
(e.g. duration of ventilation), while effects on occurrence
of IWS and drug exposures are inconsistent. Interventions
which significantly improved the latter outcomes were all
complex and multifaceted. Methodological issues, including
inappropriate identification of IWS, non-standardised defini-
tions of IWS in the paediatric and adult population and bias
due to study design must be addressed in future research.
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