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Abstract

The aim of this Intensive Care Medicine Rapid Practice Guideline (ICM-RPG) is to formulate an evidence-based guid-
ance for the use of neuromuscular blocking agents (NMBA) in adults with acute respiratory distress syndrome (ARDS).
The panel comprised 20 international clinical experts from 12 countries, and 2 patient representatives. We adhered

to the methodology for trustworthy clinical practice guidelines and followed a strict conflict of interest policy. We
convened panelists through teleconferences and web-based discussions. Guideline experts from the guidelines in
intensive care, development, and evaluation Group provided methodological support. Two content experts provided
input and shared their expertise with the panel but did not participate in drafting the final recommendations. We fol-
lowed the Grading of Recommendations Assessment, Development, and Evaluation approach to assess the certainty
of evidence and grade recommendations and suggestions. We used the evidence to decision framework to generate
recommendations. The panel provided input on guideline implementation and monitoring, and suggested future
research priorities. The overall certainty in the evidence was low. The ICM-RPG panel issued one recommendation and
two suggestions regarding the use of NMBAs in adults with ARDS. Current evidence does not support the early rou-
tine use of an NMBA infusion in adults with ARDS of any severity. It favours avoiding a continuous infusion of NMBA
for patients who are ventilated using a lighter sedation strategy. However, for patients who require deep sedation

to facilitate lung protective ventilation or prone positioning, and require neuromuscular blockade, an infusion of an

NMBA for 48 h is a reasonable option.
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Introduction

Several professional societies have recently published
clinical practice guidelines (CPGs) regarding the use
of neuromuscular blocking agent (NMBA) in patients
with acute respiratory distress syndrome (ARDS) in the
intensive care unit (ICU) [1-5]. Panel members who
developed these guidelines issued a weak recommen-
dation favouring use of an NMBA infusion in patients
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with moderate to severe ARDS based on the results of 3
randomized clinical trials (RCTs) enrolling 431 patients
with moderate to severe ARDS. The pooled estimate sug-
gested a reduction in mortality with an NMBA infusion
compared to no NMBA infusion [6]. A recent epidemio-
logical study in 50 countries found that neuromuscular
blockade was not widely used in patients with ARDS
[7]. The results of the recently published Re-evaluation
of Systemic Early Neuromuscular Blockade (ROSE) trial
challenged the results of previous trials and the recom-
mendation of the previous guideline. In the ROSE trial,
enrolling 1006 patients with moderate or severe ARDS,
patients were randomized to receive either an infusion
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of cisatracurium (NMBA) for 48 h or no NMBA infu-
sion with intermittent NMBA boluses permitted on an
as needed basis [8]. The ROSE trial showed no difference
in mortality or other patient-important outcomes. This
finding led the critical care community to question the
role for NMBA infusions in patients with ARDS [9].

After the publication of this potentially practice chang-
ing trial, the Intensive Care Medicine Rapid Practice
Guideline (ICM-RPG) steering committee prioritised
and approved this topic for the conduct of a rapid CPG.
The aim of this ICM-RPG was to summarise and evaluate
the evidence, and provide evidence-based recommenda-
tions to help guide clinical practice.

Scope

Our recommendations apply to adults with early ARDS
of any aetiology and severity who are receiving invasive
mechanical ventilation in an ICU. The recommendations
do not apply to patients with pre-existing neuromuscular
disease, those with a contraindication to neuromuscular
blockade, or to children. Below, we discuss the relevance
of these guidelines to settings that differ from where the
evidence was generated. The lack of data from patients in
low- and middle-income settings results in high uncer-
tainty regarding the use of NMBA for ARDS patients in
these settings.

Target audience
The target users of this guideline are clinicians and
healthcare workers who care for patients with ARDS
in the ICU including critical care physicians, phar-
macist, bedside nurses, respiratory therapists, and
physiotherapists.

Sponsoring organisation

The ICM journal is the sponsoring organisation and is
responsible for establishing and overseeing the ICM-RPG
steering committee. The guidelines in intensive care,
development, and evaluation (GUIDE) Group (https://
guidecanada.org/) was responsible for the methodologi-
cal and statistical aspects of this ICM-RPG.

Methods

The aim of ICM-RPGs is to produce trustworthy, rapid,
and timely practice guidelines on topics that are of high
priority to intensive care clinicians. The panel members
adhered to a pre-planned and structured methodological
approach to guideline development [10].

Panel composition

The ICM-RPG steering committee selected the panel
members. The panel was comprised of relevant stake-
holders including patient representatives, content

experts, academic critical care physicians, methodolo-
gists, respiratory therapists, physiotherapists, and front-
line clinicians. We aimed for gender and geographic
balance in constituting the panel. A clinical chair (KB)
and a methods chair (WA) led the guideline initiative.
Methodologists from the GUIDE Group provided meth-
odological support to the panel. Overall, 2 chairs, 16
panel members, 2 content experts, and 2 patient rep-
resentatives participated in developing this ICM-RPG.
Two content experts (DA, LP), who led large clinical tri-
als on this topic, participated as content experts on the
panel. They provided input when required by the panel
by telephone, over electronic mail, and through web
conferencing. The chairs of the guideline communicated
individually with both content experts to obtain informa-
tion regarding their respective RCTs and interpretation
of the literature on this topic. Neither content expert par-
ticipated in formulating or drafting recommendations.
The clinical chair of the guideline nominated 2 patient
representatives who participated in selecting and prior-
itising outcomes, and provided insights regarding their
values and preferences over electronic mail.

Disclosure and management of conflicts of interests

We followed a strict conflict of interest management pro-
cess [11]. All participating members of this panel com-
pleted an electronic conflict of interest declaration form.
There were no financial conflicts related to the guideline
topic. Two panel members (DA, LP), who led large tri-
als related to the topic of this guideline, had intellectual
conflicts. They participated in the ICM-RPG as content
experts but did not draft or vote on recommendations.

Guideline question
The ICM-RPG panel asked the following question:
Should we recommend using an NMBA infusion, over
on demand NMBA boluses, in mechanically ventilated
adults with ARDS?

For the systematic review, the panel formulated the
specific components of this question and presented it
using the population, intervention, comparator, and out-
comes (PICO) format (Table 1).

The panel followed the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE)
approach to prioritise outcomes [12]. Outcome prioriti-
sation started with the panel compiling a list of all poten-
tially relevant outcomes. Subsequently, panel members
completed an electronic survey to rate the suggested 15
outcomes on a scale from 1 (not important) to 9 (criti-
cal) from the patients’ perspective. Overall, seven out-
comes were rated to be critical (mean scores of 7 or
above), and seven outcomes were rated to be important
(Supplement). We asked both patient representatives to


https://guidecanada.org/
https://guidecanada.org/

1979

independently rate the outcomes using the same scale
and they both felt that all the outcomes were critical for
decision-making. Consequently, we included all of the
rated outcomes in the evidence profile.

We used meta-analytic techniques to pool effect sizes
across all RCTs. Details pertaining to the systematic
review of the literature and meta-analysis are published
separately.

A priori, the panel proposed 8 subgroup analyses to
explore potential sources of heterogeneity for the pri-
mary outcome (hospital mortality) including the ration-
ale and the predicted direction of effect (Supplement)
[13].

The evidence

A systematic review team, with input from the panel and
the methods team, conducted the systematic review and
meta-analysis for this ICM-RPG. We identified 7 RCTs
enrolling 1598 patients with ARDS [8, 14—17]; we present
a summary of the studies in the Supplement.

Assessing certainty of the evidence

The methods team, with input from the panel, assessed
the certainty of evidence for each outcome using the
GRADE approach [12]. The certainty of evidence was
categorised as very low, low, moderate, or high based on
risk of bias, imprecision, indirectness, inconsistency, and
publication bias [18].

The overall certainty of the evidence was low. Specifi-
cally, the certainty of the evidence was moderate for ICU
acquired weakness, barotrauma, and mortality outcomes,
and low or very low for the other outcomes. The main
reasons for downgrading the certainty of the evidence
were imprecision and inconsistency. We summarised

Table 1 The guideline question

the detailed GRADE assessment in the evidence profile
(Table 2).

Summary of the evidence

Desirable effects of NMIBA infusions

We noted important clinical and statistical heterogene-
ity in the pooled estimate for mortality. Consequently,
we did not use the pooled estimate across all studies for
mortality to inform the recommendations. Instead, the
panel considered the mortality outcome according to the
sedation strategy utilized in the control group of included
trials. The first subgroup included only the ROSE trial
as it was the only trial that aimed to use a lighter seda-
tion strategy for patients in the control arm. The hos-
pital mortality for this subgroup did not favour either
the intervention or control [relative risk (RR) 0.99; 95%
confidence interval (CI) 0.86—1.15]. The remaining sub-
group included 3 trials that aimed to use a deeper seda-
tion strategy for patients in the control arm [14, 15, 19].
In this subgroup, an NMBA infusion reduced hospital
mortality (RR 0.72; 95% CI 0.58-0.91) with low certainty.
It is possible however, that the heterogeneity in effect
may be explained by other differences between the trials,
such as the amount of positive end expiratory pressure
(PEEP) and the timing of the intervention. Without an
individual patient data meta-analysis, we cannot be cer-
tain about the exact effect of PEEP level and timing on
the outcomes.

In addition, the systematic review revealed a signifi-
cant reduction in the risk of barotrauma with the use of
an NMBA infusion (RR 0.55; 95% CI 0.35-0.85; moder-
ate certainty) and a small, but significant, improvement
in PaO,/FiO, at 72 h (mean difference 15.21 points; 95%
CI 1.9 to 28.52; low certainty) across all trials.

hould we use an NMBA infusion, over no infusion (but on demand NMBA boluses), in mechanically ventilated adults with ARDS?

Population Intervention

Mechanically ventilated adults with ARDS

Any NMBA infusion at any dose and for any duration

Comparator Outcomes
Placebo 1. Mortality
infusionor 2. Quality of life
no NMBA 3. Physical function

infusion and 4. Cognitive function
ondemand 5. Mental health
NMBA 6. Serious adverse events
boluses 7.1CU acquired weakness
8. Hospital length of stay
9.VFD
10.1CU length of stay
11. Barotrauma
12. Oxygenation
13. Patient-ventilator dyssynchrony

NMBA neuromuscular blocking agents, ARDS acute respiratory distress syndrome, ICU intensive care unit, VFD ventilator free days
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The impact of an NMBA infusion on mental health,
cognitive function, quality of life, and ventilator free days
was uncertain (Table 2).

Undesirable effects of NMBA infusions

The use of an NMBA infusion for 48 h possibly increased
the risks of adverse events (RR 1.63; 95% CI 0.98-2.72;
low certainty) and ICU acquired weakness (RR 1.16;
95% CI 0.98-1.37; moderate certainty). However, the
increased risk of adverse events in the ROSE trial could
have been confounded by the use of deep sedation in the
intervention arm (i.e. the hemodynamic effect may be
explained by the use of deep sedation in one arm and not
the other). The impact on long-term physical function
was uncertain (Table 2).

Moving from evidence to recommendation

The panel used GRADEpro GDT (GRADEpro Guide-
line Development Tool [Software]. McMaster University,
2015, developed by Evidence Prime, Inc.) to complete the
Evidence-to-Decision (EtD) framework [20]. The panel
addressed the balance and magnitude of benefits and
harms, certainty of evidence, patients’ values and prefer-
ences, cost and resources, feasibility, and acceptability.

Balance between desirable and undesirable effects

The panel debated which subgroup to use when issu-
ing recommendations. We viewed the control arm in the
ROSE trial to reflect current practice in managing patients
with ARDS. In this trial, clinicians aimed to use a lighter
sedation strategy for patients in the control arm but per-
mitted administration of NMBA boluses as needed. Clini-
cians achieved mean Richmond Agitation-Sedation Scores
(RASS) of — 2.7 and — 2.3 on days 1 and 2, respectively. By
comparison, the mean RASS in the NMBA infusion arm
of this trial were — 4.8 and — 4.6 on days 1 and 2, respec-
tively. With this approach, the evidence suggests that in
adults with moderate to severe ARDS who are mechani-
cally ventilated using lighter sedation targets (RASS 0 to
— 3); avoiding the use of an NMBA infusion is favourable.
For patients with moderate to severe ARDS who cannot
be mechanically ventilated using lighter sedation targets
or require ongoing deep sedation to facilitate lung protec-
tive ventilation or prone ventilation; the use of an NMBA
infusion is reasonable. The panel recognized that there
could be differences, other than the sedation targets in
the control arm between the ROSE trial and the other tri-
als evaluating NMBA in adults with ARDS that resulted
in inconsistent estimates of effect across trials. Therefore,
the panel only issued suggestions for clinicians treating
patients with moderate to severe ARDS. Future research
is needed to help delineate specific subgroups of patients
who may or may not benefit from an NMBA infusion.

Values and preferences

Our patient representatives judged all outcomes to be
critical for decision making with particular emphasis on
mortality, quality of life, cognitive function, time on the
ventilator, and barotrauma. Although, panel members
rated some outcomes differently than patient representa-
tives, this finding is not surprising, and extreme differ-
ences may exist between clinicians’ and patients’ values
and preferences [21]. The panel believed that the bal-
ance between benefit (i.e., uncertain effect on mortality
and less barotrauma) and harm (i.e., possible increase in
ICU acquired weakness and adverse events, and uncer-
tainty about long term outcomes) was unclear, allowing
for variability in how different patients would prioritize
these outcomes depending on their individual values and
preferences in the same circumstance.

Resources and cost

We identified 2 cost effectiveness studies that were pub-
lished more than 18 years ago and are unlikely to reflect
present day costs [22, 23]. The panel felt that the cost
of 48 h infusion of cisatracurium was not large in high
income countries but could be considered to be a mod-
erate cost in low income countries and in some middle
income countries.

Feasibility

The panel felt that the use of an NMBA infusion was
probably feasible in most high resource settings and did
not foresee major barriers to implementation in this
context. We present details pertaining to the decisions
made by panel members using the EtD framework in the
(Supplement).

Recommendations and suggestions

1. \We recommend against the routine use of an NMBA infusion
in adults with ARDS before optimising mechanical ventila-
tion and assessing ARDS severity. (Recommendation, low
certainty of evidence).

2. In adults with moderate or severe ARDS who tolerate ventila-
tion using a lighter sedation strategy we suggest against
using an NMBA infusion (Suggestion, low certainty of
evidence). If neuromuscular blockade is required to facilitate
lung protective ventilation; we suggest using intermittent
NMBA boluses with judicious deep sedation over an NMBA
infusion with deep sedation (Suggestion, low certainty in the
evidence).

3. In adults with moderate or severe ARDS who clinicians deter-
mine require ongoing deep sedation, and neuromuscular
blockade to facilitate lung protective ventilation, we suggest
using an NMBA infusion for up to 48 h, over intermittent
boluses of NMBA (Suggestion, low certainty of evidence).

Remarks: This recommendation may apply to facilitate lung protective
ventilation in adults who are persistently hypoxemic, ventilated in
the prone position, or at risk for injurious ventilation (i.e. dyssynchro-
nous with the ventilator or elevated plateau pressures).
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Table 3 The implications and interpretation of recommend

Strength Implications to patients

Implications to clinicians

ations and suggestions

Implications to policymakers

Almost all individuals in this
situation would want to
avoid the use of an NMBA
infusion, and only a small
proportion would want to
use it

Recommendation against  Strong
NMBA infusion

Suggestion against Weak

NMBA infusion

The majority of individuals in
this situation would want
to avoid an NMBA infusion,
but many would want to
receive it

Suggestion for Weak

NMBA infusion

The majority of individuals in
this situation would want to
receive an NMBA infusion,
but many would not want
to receive it

Most individuals should not

Different choices are likely to

Different choices are likely to

Can be adapted as policy in most situa-
tions, including for use as performance
indicators

receive an NMBA infusion.
Formal decision aids are not
needed

Policies will likely be variable
be appropriate for different

patients, and the use of an

NMBA infusion should be tai-

lored to the individual patient’s

circumstances. Such as

patients, family’s, or substitute

decision maker’s values and

preferences

Policies will likely be variable
be appropriate for different

patients, and the use of an

NMBA infusion should be tai-

lored to the individual patient’s

circumstances. Such as

patients, family’s, or substitute

decision maker’s values and

preferences

NMBA neuromuscular blocking agent

Interpretation and implementation of the
recommendations

A recommendation (i.e. strong recommendation) implies
uniformity of choice and a weak recommendation implies
variability. From a patient perspective, a recommenda-
tion means that all (or almost all) people would choose
the recommended intervention. While a suggestion (i.e.
weak recommendation) means that although most peo-
ple would choose the suggested intervention, a substan-
tial number would not [24]. We present the implications
and interpretation of recommendations and suggestions
in Table 3. In addition, we present the recommendation
and suggestions in algorithmic format in Fig. 1 to facili-
tate understanding of the recommendations according to
clinical context.

Cisatracurium was the only agent studied in large
RCTs, therefore, if clinicians use an NMBA infusion in
ARDS patients, cisatracurium should be the preferred
agent to use. The impact of using other NMBA infusions
for patients with ARDS is uncertain. The largest two tri-
als used cisatracurium at a fixed dose of 15 mg bolus
followed by an infusion of 37.5 mg/h for 48 h. As the rela-
tionships between dose of cisatracurium and clinical and
adverse effects are unclear, clinicians may titrate the dose
to clinical paralytic effect. While it is plausible to assume
that the beneficial effect of cisatracurium is related to its
neuromuscular blockade effect; some evidence suggest

that it may have a direct anti-inflammatory effect as well
[14, 25]. Therefore, it is unclear if clinicians should use
a fixed high-dose of cisatracurium or titrate the dose of
cisatracurium administered to paralytic effect. Clinicians
should consider the potential benefits and harms when
making this decision.

Monitoring and evaluation

When clinicians prescribe an NMBA for adults with
ARDS, the healthcare team should ensure that the
patients are adequately sedated and monitor the ade-
quacy of paralysis. We refer readers to a recently pub-
lished guideline on sedation prevention and management
in the ICU [26].

One modality to measure adequacy of paralysis is
measurement of the train-of-four (TOF), a nerve stim-
ulator that generates an electric current to stimulate
twitches in muscles. The response to electrical stimu-
lus depends on the intensity of the current, the loca-
tion it is applied to, and the extent of paralysis [27]. An
RCT of 30 patients compared TOF assessment to clini-
cal assessment by bedside nurses and found no difference
in the mean total paralysis time, dose of cisatracurium,
and mean recovery time after cessation of paralytic
agent [28]. Another study evaluated a nurse-driven pro-
tocol based of cisatracurium infusion titration based on
TOF monitoring in 30 ARDS patients and identified that
nurses were able to decrease the amount of cisatracurium
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§ Recommendation |
against < |
NMBA infusion

|

Optimise mechanical ventilation

Mechanically ventilated adults with ARDS

I

Mild ARDS

Recommendation

against
NMBA infusion

Most patients with ARDS

neuromuscular blocking agent

Moderate or
severe ARDS

Able to achieve lung protective Yes
ventilation with light sedation targets?

[

Able to achieve lung protective ventilation = yeg

with judicious deep sedation and
intermittent NMBA?

o

Continuous deep sedation

and NMBA is required to achieve lung protective ventilation *

|

Suggestion for NMBA infusion up to 48 hours

Fig. 1 ICM-RPG Algorithm on the use of NMBA in ARDS. *: may apply to adults who are persistently hypoxemic, ventilated in prone position, or at
risk for injurious ventilation (i.e,, dyssynchronous with the ventilator or elevated plateau pressures). ARDS acute respiratory distress syndrome, NMBA

administered without significantly affecting the quality
of the neuromuscular block achieved [29]. The optimal
strategy to assess the adequacy of paralysis is unclear, cli-
nicians should use the strategy that they are most com-
fortable with. It is beyond the scope of this guideline to
make recommendations or suggestions on the type of
monitoring strategy that could be used.

Research priority

Despite the publication of large RCTs on this topic, sev-
eral areas of uncertainty could be addressed in future
research, such as the impact of NMBA infusions on long-
term functional and cognitive outcomes; the interaction
between different ventilation strategies (e.g., high versus
low PEEP and prone versus supine ventilation) and the
use of NMBAs; the effect of other NMBA agents; the
efficacy and safety of intermittent boluses versus a con-
tinuous NMBA infusion; and the generalisability of the
results to low resource setting.

Adaptation
The panel provided suggestions to implement the ICM-
RPGs in low resource settings using existing adaptation

frameworks [30]. These considerations are summarised
in Table 4.

Updating the guidelines

When new relevant trials are published that may affect
the current recommendations, we plan to update the sys-
tematic review and assess whether the recommendations
will require updating. This is a form of a living guideline
in which future updates will be triggered by the publica-
tion of new, relevant, and potentially practice changing
evidence, as opposed to a fixed period of time.

Conclusion

In this ICM-RPG, the panel issued one recommenda-
tion and two suggestions regarding the use of NMBA in
ARDS. The current evidence does not support the early
routine use of NMBA infusion in all adults with ARDS.
It favours avoiding an NMBA infusion for patients who
are ventilated using a lighter sedation strategy. However,
for patients who require deep sedation to facilitate lung
protective ventilation or prone positioning and require
neuromuscular blockade, an infusion of an NMBA is a
reasonable option.
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Table 4 Factors affecting adaptation in low resource settings or low income countries

[Adaptation variable Consideration for adaptation

Priority
Benefit and harm

Certainty of the evidence

Values and preferences

Cost
Resources
Equity

Acceptability

The decision whether to prioritise recommendations on the use of NMBA infusion in low resource settings or low-income
countries depends on the prevalence and the outcomes of ARDS in this setting

Guideline developers in low resource settings or low-income countries can use the relative estimates from this document to
estimate absolute treatment effect in their context

Guideline developers in low resource settings or low-income countries should consider downgrading the certainty of evi-
dence for indirectness, as most of the clinical trials were conducted in tertiary care centres in high income countries, and
its applicability to other contexts is unknown

Values and preferences of patients are possibly different around the world, therefore, guideline developers in low resource
settings or low-income countries should take into consideration the local cultural values and patients' beliefs regarding
the key outcomes such as mortality, disability, and other outcomes

While the cost of cisatracurium infusion is generally acceptable in high income countries, it could be moderate or high in
low resource settings or low-income countries

Access to critical care, paralysis monitoring devices, rescue therapies, rehabilitation centres are limited in low resource set-
tings or low-income countries

Guideline developers in low resource settings or low-income countries should consider the impact of directing resources to
use NMBA infusion in ARDS on equity and other competing priorities

Guideline developers in low resource settings or low-income countries should consider the acceptability of using NMBA

infusion to patients, healthcare workers, and policy makers

Feasibility

Several potential factors could influence the feasibility of using NMBA infusion in patients with ARDS in low resource

settings or low-income countries, such as availability of medications, devices to monitor adequacy of paralysis, sedative

agents, and ventilators

ARDS acute respiratory distress syndrome, NMBA neuromuscular blocking agent
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