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Abstract 

Acute Respiratory Distress Syndrome (ARDS) is one of the most demanding conditions in an Intensive Care Unit 
(ICU). Management of analgesia and sedation in ARDS is particularly challenging. An expert panel was convened to 
produce a “state‑of‑the‑art” article to support clinicians in the optimal management of analgesia/sedation in mechani‑
cally ventilated adults with ARDS, including those with COVID‑19. Current ICU analgesia/sedation guidelines promote 
analgesia first and minimization of sedation, wakefulness, delirium prevention and early rehabilitation to facilitate ven‑
tilator and ICU liberation. However, these strategies cannot always be applied to patients with ARDS who sometimes 
require deep sedation and/or paralysis. Patients with severe ARDS may be under‑represented in analgesia/sedation 
studies and currently recommended strategies may not be feasible. With lightened sedation, distress‑related symp‑
toms (e.g., pain and discomfort, anxiety, dyspnea) and patient‑ventilator asynchrony should be systematically assessed 
and managed through interprofessional collaboration, prioritizing analgesia and anxiolysis. Adaptation of ventilator 
settings (e.g., use of a pressure‑set mode, spontaneous breathing, sensitive inspiratory trigger) should be systemati‑
cally considered before additional medications are administered. Managing the mechanical ventilator is of paramount 
importance to avoid the unnecessary use of deep sedation and/or paralysis. Therefore, applying an “ABCDEF‑R” bundle 
(R = Respiratory‑drive‑control) may be beneficial in ARDS patients. Further studies are needed, especially regarding 
the use and long‑term effects of fast‑offset drugs (e.g., remifentanil, volatile anesthetics) and the electrophysiological 
assessment of analgesia/sedation (e.g., electroencephalogram devices, heart‑rate variability, and video pupillometry). 
This review is particularly relevant during the COVID‑19 pandemic given drug shortages and limited ICU‑bed capacity.
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Introduction

Acute respiratory distress syndrome (ARDS) is present 
in 10% of patients admitted to an intensive care unit 
(ICU), and is associated with hospital mortality between 
35 and 46% [1]. ARDS is one of the most severe condi-
tions in critical illness and also one of the most challeng-
ing regarding the management of analgesia and sedation. 
Clinical practice guidelines for analgesia and sedation 
in the ICU (e.g., the Pain, Agitation/sedation, Delirium, 
Immobility and Sleep disruption (PADIS) guidelines [2]) 
have consistently focused on early rehabilitation and 
quick ventilator liberation [3]. To achieve these goals, 
treatment of pain, minimization of sedation, prevention 
of delirium, and improved patient communication are 
the key components [2]. However, some ARDS patients 
require deep sedation or even neuromuscular block-
ade especially during the early phase of admission [4, 5]. 
Thus, patients with severe ARDS may not be represented 
in studies on analgesia and sedation that aimed mostly 
at evaluating a minimal sedation strategy [6]. Also, deep 
sedation remains frequent in general ICU patients dur-
ing the first 48 h [7] and only a few studies on analgesia/
sedation have evaluated patients during this early period 
[6, 8]. A panel of experts, mostly from the collaborative 
group who authored the PADIS guidelines, provided a 
“state of the art” narrative review to support clinicians 
in their management of sedation/analgesia in ARDS 
patients. This is not intended as a clinical practice guide-
line, but rather an informative review by experts in the 
field. The manuscript was written by authors grouped 
by section, following their own search of literature and 
own experience, then homogenized by coordinators 
(GC, JPK), and reviewed and revised by all authors. The 
rationale for such review is particularly relevant dur-
ing the ongoing coronavirus disease 2019 (COVID-19) 
pandemic due to urgent concerns about analgesic, seda-
tive, and paralytic shortages and surging admissions that 
overwhelm ICU bed capacity [9–12].

Patients receiving neuromuscular blocking agents (early 
phase of severe ARDS)
Patients with ARDS or other life-threatening conditions 
may require neuromuscular blocking agents (NMBAs) 
to optimize mechanical ventilation (MV) as discussed in 
a Rapid Practice Guidelines recently published in Inten-
sive Care Medicine [13]. Case reports of patients who 
were chemically paralyzed but awake describe the terror 
that these patients experienced. Therefore, the best clini-
cal practice statements recommend deep sedation and 
amnesia, and effective analgesia, prior to neuromuscular 
blockade [14]. Although a 2010 trial reported improved 
survival in severe ARDS patients who received NMBAs 

[5], a subsequent larger trial did not replicate these find-
ings [15]. Accordingly, indications for NMBAs in ARDS 
are still debated [13]. NMBAs should at most be consid-
ered as a rescue therapy for patients with the most severe 
ARDS.

Pain and anxiety management in patients receiving 
NMBAs should ideally rely on validated scales or tools. 
However, the assessment of anxiety and pain when 
patients cannot communicate or express behavioral reac-
tions is challenging. Among patients receiving NMBAs, 
neither the gold standard for pain assessment (i.e., the 
patient’s self-report) or recommended behavioral meas-
ures [2, 16], such as the Behavioral Pain Scale (BPS) and 
the Critical-Care Pain Observation Tool (CPOT) can 
be used. Evidence does not support evaluation of vital 
signs alone for pain assessment [2]. New approaches for 
pain and sedation assessment in paralyzed patients are 
being explored, including heart rate variability alone (i.e., 
0–100 Analgesia Nociception Index [17]) or in combi-
nation with other physiologic parameters (i.e., 0–100 
Nociception Level Index [18]). The pupillary pain index 
(1 = no nociception to 9 = high nociception), based on 
an increase in pupil size, was evaluated using the BPS as 
the reference pain measure during tracheal suctioning in 
deeply sedated critically ill patients [19]. These new pain 
indexes require additional validation to support their 
implementation in clinical practice. Similarly, assessment 
of anxiety in a non-communicative paralyzed patient 
is equally challenging and no tool is available to guide 
assessment.

Before administering an NMBA, patients should 
receive an intravenous analgesic medication sufficient 
to provide acceptable pain relief, as well as a sedative 
with amnestic properties (e.g., propofol or benzodi-
azepine and NOT dexmedetomidine) to target a deep 
level of sedation. A validated scale, such as the Seda-
tion Agitation Scale (SAS) [20] or Richmond Agitation 
Sedation Scale (RASS) [21], should be used to confirm 
deep sedation, while a validated pain assessment tool 
(e.g., BPS or CPOT [2, 16]) should be used to confirm 
effective analgesia. These analgesic and anxiolytic/seda-
tive infusions should be continued as long as NMBAs 

Take‑home message 

Analgesia and sedation are challenging in patients with ARDS. How‑
ever, current guidelines should be considered and applied when 
possible. Moreover, an “ABCDEF‑R” bundle (R = Respiratory‑drive‑
control) should be considered to give priority to the management 
of mechanical‑ventilator and respiratory‑drive related factors and 
to avoid the unnecessary use of medications (particularly opioids, 
sedatives, and neuromuscular blocking agents) which can delay 
ventilator liberation and worsen other patient’s outcomes.
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are being used. As daily interruption of sedation is 
employed in many ICUs [2], in the same way, stopping 
an NMBA infusion should be considered at least daily; 
after NMBA drug has been stopped, one may then pro-
ceed to lightening or interrupting sedation.

General strategy of analgesia/sedation for lung protective 
ventilation without NMBAs
The primary goal of analgesia/sedation for patients 
receiving lung protective ventilation strategy is to pro-
vide comfort and safety, facilitate lifesaving interven-
tions, and maintain patient interaction with staff and 
family to promote early physical and cognitive recovery 
[2, 22, 23]. A multimodal patient-centered approach, 
including effective early analgesia, optimal sedation, 
and delirium/agitation free emergence is imperative for 
all adults in the ICU [7] and should be considered for 
patients with ARDS as well. However, no prospective 
analgesia/sedation studies have been conducted exclu-
sively in patients with ARDS.

We believe a three tier sedation depth strategy (i.e., 
mild (RASS + 1/− 1), moderate (RASS − 2/− 3), deep 
(RASS − 4/− 5) [21]) may be useful. Rigid adherence to 
a one-size-fits-all strategy is discouraged. Instead, adher-
ence to principles that achieve optimal sedation in most 
patients should be the goal:

  • The aim for minimal or no sedation in most patients, 
prioritize adequate analgesia, and short-acting seda-
tive agents as necessary [24].

  • Accept short intervals of moderate sedation (RASS 
− 2/− 3) to overcome ventilator asynchrony or dis-
comfort after the optimization of pain control and 
ventilator settings [25].

  • Monitor sedation level regularly with a validated tool 
and reassess the target sedation level at least twice 
daily. Routinely monitor pain and delirium with vali-
dated tools. Titrate all agents to effect towards a set 
sedation target. A written algorithm could be help-
ful depending on nurse education and training (see 
“Strategies to avoid excessive sedation and delays in 
cognitive recovery and mechanical ventilation wean-
ing”).

  • Occasionally, deep sedation (RASS − 4/− 5) may 
be required. In this case, sedatives should be chosen 
based on patient age, organ function and comorbidity 
(see “Choice of drugs”).

  • In all cases, consider managing the mechanical ven-
tilator and the patient’s respiratory drive first to 
avoid the unnecessary use of sedatives and the risk of 
inducing deep sedation (see “Global analgesia/seda-
tion approach adapted to patients with ARDS: prop-

osition of a ventilatory management first strategy”). 
Note, this proposed three-tier sedation depth strat-
egy should not be applied strictly by ARDS sever-
ity (i.e., mild, moderate, and severe) as some severe 
ARDS patients tolerate mild sedation without signifi-
cant patient/ventilator asynchrony.

Figure  1 is a suggested algorithm to guide seda-
tion management under protective ventilation without 
NMBAs, based on the above principles.

Analgesia and sedation alternatives in a context of drug 
shortages
Difficulties in the provision of sedatives for the criti-
cally ill have been compounded by COVID-19-related 
disruptions of the supply chain for traditional therapeu-
tic options as a result of increasing demand, stockpiling, 
temporary lockdowns in manufacturing, and restrictions 
on exporting [12]. Continuously updated international 
websites are available to help identify and mitigate these 
drug shortages with prominent examples including fen-
tanyl, propofol, midazolam, and cisatracurium. As these 
shortages evolve, less commonly used drugs may need 
to be considered for achieving analgesia, sedation, or 
therapeutic paralysis even though data examining these 
specific agents may be lacking, or conventional guide-
lines recommend avoiding such drugs. The use of the 
alternative agents discussed below should be guided by 
individual patient context, goals of therapy, response, and 
tolerability. In the absence of new evidence, familiarity 
with alternative agents due to conventional agent short-
ages should not lead to their continuation when proven 
agents are available (Table 1).

Strategies to avoid excessive sedation and delays 
in cognitive recovery and mechanical ventilation 
weaning
Effective strategies target sedation minimization and 
reduce medication accumulation [2]. The use of short-
acting drugs with no or minimal active metabolites 
(e.g., propofol, dexmedetomidine, fentanyl, sufentanil, 
remifentanil) may be associated with better outcomes 
[2], but they can be costly and their availability is limited 
in resource-constrained situations, such as the current 
COVID-19 pandemic [11].

Administration strategies: algorithms, daily interruption, 
and intermittent administration
The use of nurse-directed analgesia/sedation protocols, 
which enable bedside nurses to adjust opioids and seda-
tives (generally using pain and sedation scales) can reduce 
drug exposure and expedite liberation from MV and ICU 
discharge [26, 27]. Although a formal algorithm may not 
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be necessary nor confer further benefit if patients are 
already being managed with a minimal sedation strategy 
by highly skilled nurses [28], oversedation remains com-
mon in many ICUs such that an analgesia/sedation pro-
tocol is frequently beneficial. However, the role of nurses 
and their ability to adjust the analgesia-sedation based on 
a protocol or not, depend on the ICU organization, cul-
ture, and juridical possibilities [29, 30]. The role of physi-
cians is also paramount in all cases, to help adjusting the 
drug dosing, or to discuss specific issues with the ICU 
team, whatever the use of a protocol, and to discuss the 
general target of analgesia-sedation individually. This is 

especially required in case of ARDS which is a challeng-
ing situation of analgesia-sedation. In patients receiving 
infusions of opioids and/or sedatives, daily interruption 
of infusions has been associated with reduced MV dura-
tion and other benefits, likely because it: (1) prompts 
re-evaluation of sedative needs, (2) reduces medication 
accumulation, and (3) promotes a transition to intermit-
tent/ “as needed” administration strategies [31]. When 
added to a sedation protocol which targets light sedation, 
a daily interruption strategy does not further reduce MV 
days [26]. While there are no randomized controlled tri-
als (RCT) in adults with ARDS comparing intermittent 

Fig. 1 Analgesia and sedation without NMBA for protective lung ventilation strategy. A Analgesia‑first/minimal sedation is the default option. B Cli‑
nicians choose the desirable sedation level based on patients’ symptoms. C Propofol remains the first line for titrated sedation. Adding dexmedeto‑
midine could be considered to reduce emergent delirium and reduce propofol cumulative dose. In selected cases (patients who are refractory to 
propofol ± dexmedetomidine sedation, or to decrease the dose of sedatives), consider using intermittent benzodiazepines, anti‑psychotic agents, 
or a volatile anesthetic. RASS: Richmond Agitation Sedation Scale (− 5 is unresponsive to physical stimulation, − 4 open eyes or move to physical 
stimulation, − 3 open eyes or move to voice, − 2 make eye contact < 10 s, − 1 make eye contact > 10 s, 0 alert and calm, + 1 restless, + 2 agi‑
tated, + 3 very agitated, + 4 combative) score [21]. SAS: Sedation Agitation Scale (1 unarousable, 2 very sedated, 3 sedated, 4 calm and cooperative 
and awakens easily, 5 agitated, 6 very agitated, and 7 dangerous agitation) [20]. BPS: Behavioral Pain Scale [2, 16]. CPOT: Critical‑Care Pain Observa‑
tion Tool [2, 16]. CAM-ICU: Confusion Assessment Method – Intensive Care Unit [2]. ICDSC: Intensive Care Delirium Screening Checklist [2]
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and continuous administration, an RCT in children who 
underwent cardiothoracic surgery [32] and an obser-
vational study in adults [33] suggest that intermittent 
strategy may be associated with less drug administration 
and shorter duration of MV. However, further studies 
are needed before an intermittent rather than continu-
ous administration approach can be recommended in all 
patients. Such studies must account for the competing 
risks of these two strategies (e.g., potentially increased 
agitation and self-extubation with the intermittent strat-
egy; delayed wakefulness and cognitive recovery with the 
continuous strategy).

Choice of sedative, however, may be as important as 
dosing strategy in the outcome of patients with ARDS. 
In one RCT of mechanically ventilated ICU patients, 
intermittent lorazepam was associated with a longer 
duration of MV as compared to continuously-infused 
propofol [34]. Finally, as discussed above (“Patients 
receiving neuromuscular blocking agents (early phase 
of severe ARDS)”), new generation of neuromonitoring, 
with or without automated closed-loop controller, could 
help adjusting drugs to avoid oversedation in the future. 
This could be especially useful when a deep sedation is 
mandatory, to assess analgesia, and sedation needs in the 
ranges for which clinical tools might be insufficient (i.e., 
unresponsive patients in a deep clinical analgesia-seda-
tion state) [19, 35].

Symptom oriented strategies: analgesia first 
and analgesic‑based sedation
The optimal use of analgesics and sedatives can provide 
comfort for mechanically ventilated patients, expedite 
ventilator liberation [29, 36], and may reduce the inci-
dence of chronic pain [37]. “Analgosedation” favors use 
of an analgesic before a sedative for pain management 
(“analgesia first”) or an analgesic with sedative properties 
(“analgesic-based sedation”) [2]. These approaches have 
been developed to avoid or to decrease the use of seda-
tives and better facilitate ventilator weaning [29, 36]. A 
multimodal approach to analgesia combines the use of 
more than one analgesic, each having different mecha-
nisms of action. Using different analgesics can achieve a 
beneficial effect while dampening each individual agent’s 
adverse effects [38]. Patients may be protected from the 
side-effects of opioids such as sedation, hallucinations, 
and opioid hyperalgesia/dependence/withdrawal by the 
concomitant use of non-opioid agents such as low-dose 
ketamine [37], paracetamol, and/or nefopam [2]. Careful 
titration of analgesics (algorithm, daily interruption, and 
intermittent administration) and soothing non-pharma-
cological interventions (e.g., music or relaxation tech-
niques) [2] may help to avoid delays in cognitive recovery, 
an important prerequisite of ventilator liberation.

Choice of drugs
Patient related factors that determine the choice of drugs 
include:

a. Age: Elderly patients exhibit different pharmacoki-
netics and pharmacodynamics [39, 40] with reduced 
clearance and increased sensitivity to analgesics, sed-
atives, and antipsychotics. They are at increased risk 
of prolonged ventilation, delirium, and death. In con-
trast, younger patients may require higher doses of 
analgesics, sedatives, and adjunct medications. They 
have lower risk of delirium and are more tolerant to 
opioids and benzodiazepines.

b. Dependence: ARDS Patients who chronically use 
opioids and/or psychoactive medications may require 
higher doses of opioids and/or sedatives.

c. Organ dysfunction: Acute, or acute on chronic organ 
dysfunction (e.g., acute kidney injury, septic cardio-
myopathy, acute liver dysfunction) results in pharma-
cokinetic and pharmacodynamic changes that mirror 
those of the elderly [41], as discussed above.

Table  1 reports the main characteristics of first and 
second-line drugs used for analgesia and sedation. For 
mechanically-ventilated adults, guidelines recommend 
analgesia-first, and if continuous sedation is required, 
propofol or dexmedetomidine rather than midazolam 
[2]. However, trials informing these recommendations 
enrolled few ARDS patients; patients requiring paralytic 
therapy, extracorporeal membrane oxygenation (ECMO) 
or with shock were often excluded; light sedation care 
bundles (e.g., ABCDEF [42–45]), delirium prevention 
and protocolized weaning were rarely used; and mul-
timodal analgesia/sedation approaches were restricted 
[2, 10]. When individualizing analgesic/sedative therapy 
for adults with ARDS, pharmacologic differences among 
agents should be considered [11].

Analgesics
Opioids with fast-onset, dose-dependent effects, and 
ability to reduce excessive respiratory drive remain the 
analgesic mainstay in ARDS [46]. However, they are not 
without adverse effects: (1) immunosuppression, (2) 
drug accumulation resulting in prolonged sedation and 
respiratory depression that may affect ventilator libera-
tion, (3) tolerance within 48 h, (4) withdrawal signs after 
discontinuation [47], (5) hyperalgesia and chronic pain 
syndromes with prolonged use, and (6) ileus potentially 
resulting in increased abdominal pressure and subse-
quent worsening of respiratory mechanics. Although 
not rigorously evaluated in ARDS, non-opioid analge-
sics (e.g., paracetamol, ketamine, and nefopam) used in 
a multimodal fashion, may reduce opioid use and their 
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side effects, but also improve pain control in critically 
ill adults [2, 48]. Ketamine, an N-methyl-D-aspartate 
(NMDA) receptor antagonist, induces potent analgesia 
without affecting respiratory drive, making it a poten-
tially useful addition to opioids in ARDS patients ready 
for mechanical ventilation liberation [49]. However, a 
single center RCT, including 40% patients with acute 
respiratory failure, compared remifentanil and low-dose 
ketamine with remifentanil and placebo, and failed to 
show any opioid sparing effect [50]. Further studies are 
needed before ketamine can be recommended for its opi-
oid sparing effects. Infusions ≥ 1  mg/kg/h induce deep 
sedation due to ketamine’s dissociative anesthetic effects, 
along with increasing risk of emergence hallucinations 
and hypertension. Nefopam’s analgesic effect is compa-
rable to low dose opioids without affecting respiratory 
drive or consciousness. Scheduled paracetamol (oral or 
IV) will reduce opioid consumption although IV use may 
cause tachycardia and hypotension.

Sedatives
Propofol and midazolam (both GABA agonists) reduce 
respiratory drive, cause immunosuppression and can 
induce deep sedation [2, 46]. Propofol is preferred over 
midazolam as it is less likely to result in prolonged seda-
tion and/or delirium, is more titratable, and its clearance 
is not dependent on liver and kidney function. However, 
propofol may cause hypertriglyceridemia and propofol-
related infusion syndrome (PRIS), typically at doses ≥ 60 
mcg/kg/min. Dexmedetomidine, an alpha-2 agonist, does 
not cause immunosuppression nor reduce respiratory 
drive, has analgesic sparing properties, and unlike propo-
fol or midazolam, may improve sleep and may be asso-
ciated with a lower prevalence of delirium. A very deep 
level of sedation is not possible with dexmedetomidine 
alone [2, 11, 51]. When used as the primary sedative agent 
in a large RCT of a heterogeneous group of mechani-
cally ventilated ICU patients, two-thirds of patients ran-
domized to dexmedetomidine also received propofol 
and outcomes were similar between the two groups [8]. 
In ARDS patients requiring deep sedation, intravenous 
midazolam, or additional antipsychotic agents, may be 
required in those not adequately sedated with continuous 
opioids, propofol, and dexmedetomidine. However, ben-
zodiazepines are associated with a higher risk of delirium 
[2]. Volatile anesthetics (e.g., isoflurane, sevoflurane) will 
induce light-to-deep sedation, even in patients difficult to 
sedate with benzodiazepines and opioids [52]. A single 
center RCT showed that sevoflurane was associated with 
shorter awakening and extubation times when compared 
with IV propofol or midazolam [53]. When sevoflurane 
was compared with midazolam in ARDS patients, oxy-
genation improved, and alveolar/systemic inflammation 

and lung epithelial injury were reduced [54]. The results 
from a large ongoing phase III trial of ICU sedation 
with volatile anesthetics are pending (ClinicalTrials.gov: 
NCT04235608). Inhaled ICU sedation requires special-
ized equipment (inline miniature vaporizers with humid-
ification/antimicrobial properties), monitoring (tidal 
volumes, end-tidal gas concentrations for volatile agents, 
and  CO2, temperature for possible detection of malignant 
hyperthermia) and gas scavenging. When a dedicated 
ICU device is used for inhaled sedation, heated humidi-
fiers cannot be used as the device already has heat and 
moisture exchanger properties. The ICU team should 
be familiar with these technical concerns before using 
inhaled sedation in practice [55].

Global analgesia/sedation approach adapted 
to patients with ARDS: proposition of a ventilatory 
management first strategy
Global analgesia/sedation strategies such as the ABC-
DEF Bundle [42–45] have been described and validated 
by large multicenter studies in order to improve patients’ 
outcomes, promoting fast recovery and ICU liberation: 
[A] Assessment and management of pain; [B] Both awak-
ening and breathing trials; [C] Choosing the optimal 
sedative (avoiding benzodiazepines when possible) and 
titrating to the lightest sedation level possible; [D] Delir-
ium assessment and management; [E] Early mobilization; 
and [F] Family engagement when possible.

In patients with ARDS, deep sedation, though not 
always necessary, may be used to maintain lung-pro-
tective settings or treat asynchrony. The standard anal-
gesia-first strategy, ventilator adjustment to minimize 
asynchrony and control of patient respiratory drive may 
obviate the need to increase sedative doses. Maintenance 
of spontaneous breathing may be beneficial for ARDS 
patients. In the LUNG-SAFE study, patients with sponta-
neous breathing were less likely to require sedation than 
those not permitted to breathe spontaneously; spontane-
ous breathing was associated with increased ventilator-
free days and shorter ICU stay [56]. A RCT in patients 
without ARDS showed that early spontaneous breathing 
was also associated with sedation sparing and reduced 
ventilator days [6]. However, while favoring spontaneous 
breathing, attention should be paid to excessive patient 
effort, as insufficient analgesia/sedation may also injure 
both the diaphragm and the lung by favoring strong 
inspiratory efforts [57]. At the other extreme, excessive 
analgesia/sedation may induce diaphragm atrophy [58, 
59].

Managing the mechanical ventilator first before 
increasing the depth of sedation could be considered a 
first-line strategy. An “R” that takes into account “res-
piratory drive control” may be a useful additional to 
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the ABCDEF Bundle for patients with ARDS. This 
can be accomplished by optimizing ventilator settings 
to target patient ventilator synchrony before increas-
ing sedatives and analgesics or turning to NMBAs [25]. 
Treating hyperthermia and acidosis when possible may 
also reduce respiratory drive. An algorithm for trouble-
shooting mechanical ventilator adjustments is proposed 
(Fig. 2). ABCDEF+R could be the new bundle for seda-
tion of ARDS patients in general, although more data are 
needed to test this novel idea. Figure 3 shows the global 
ACBDEF bundle with the new incorporated R.

Analgesia and sedation for patients in the prone 
position
In patients with ARDS, prone positioning is recom-
mended when PaO2/FIO2 ratio is < 150  mmHg [4] as it 
has been shown to improve survival in those selected 
patients [60]. This result was obtained with deep anal-
gesia and sedation, as well as NMBAs in most patients. 
In a recent observational study, 87% of proned ARDS 
patients received NMBA and 97% received sedation [61]. 
The mechanisms by which prone positioning benefits 
patient outcome include gas exchange improvement, 
improved respiratory system compliance and lung pro-
tection. Although the absolute necessity for NMBA use 
in prone position remains to be evaluated, use of NMBA 
could facilitate the turning procedure and limit related 
barotrauma (i.e., coughing and patient/ventilator asyn-
chrony). It is reasonable to consider avoidance of NMBA 
in many patients subject to prone positioning.

Sedation/analgesia must be optimized during the turn-
ing procedure and during the time of proning because 
prone positioning can be painful. However, there are no 
prospective studies of sedation during prone position-
ing, whether NMBAs are used or not. The recent uncon-
trolled studies reported the feasibility and safety of prone 
ventilation in intubated ARDS patients under assisted 
breathing with a light sedation (volatile anesthetic agents) 
[62], and non-intubated patients without sedation [63].

Analgesia and sedation for patients with ECMO
Most considerations concerning sedation in critically 
ill patients also apply to patients on ECMO. However, 
some specific aspects need to be discussed. Patients on 
ECMO have an additional organ, which consists of extra-
corporeal vasculature (the polyvinyl chloride tubing) and 
parenchyma (the membrane lung). The presence of this 
artificial lung has two major implications.

First, patients have an additional risk, i.e., the displace-
ment/malfunction of ECMO circuitry, in particular the 
intravascular cannulae (generally a veno-venous access). 
Such an event, which may result from patients’ move-
ments/agitation, has potentially fatal consequences. For 

this reason, ECMO patients classically are deeply sedated 
and frequently paralyzed. This approach, which seeks to 
avoid cannulae displacement, is still frequently applied 
when ECMO is started during the very acute phase of 
ARDS. However, in recent years there has been increas-
ing interest in light sedation for ECMO patients—an 
“awake ECMO” approach [64]. The “awake ECMO” 
approach, while unconventional and provocative, is a 
strategy aimed at avoiding deep sedation during ECMO. 
This approach might even allow weaning and extubation 
of patients while still on ECMO [65], which could reduce 
the risks associated with sedation and invasive mechani-
cal ventilation. In addition, the performance of early 
physical rehabilitation while still on ECMO could be pos-
sible [66]. However, there is currently limited evidence 
about feasibility and safety of this approach.

The second relevant implication is that the presence 
of the extracorporeal system has the potential to signifi-
cantly alter the pharmacokinetics of several drugs and 
thus reduce their bioavailability. Because of increased 
volume of distribution and sequestration, particularly 
with lipophilic drugs in the extracorporeal system [67, 
68], plasma drug concentrations might be lower than 
expected. For these reasons, careful monitoring of seda-
tion level in patients on ECMO is of extreme importance.

Analgesia and sedation for patients with COVID‑19
Early experiences in the COVID-19 pandemic have seen 
changes in the approach to sedation, with a tendency 
towards deep sedation and a resurgence of the use of 
benzodiazepine infusions [9]. This was driven by propo-
fol and fentanyl shortages and concerns that the lung 
injury seen with COVID-19 may be different and need 
more aggressive ventilatory strategies that require deep 
sedation [69]. In addition, agitation and self-extubation, 
particularly during prone positioning, has led to fear of 
COVID-19 exposure to health care providers. However, 
each day of unnecessary intubation increases the risk 
of complications related to mechanical ventilation [70], 
including critical situations that can require immediate 
rescue interventions (e.g., tracheal tube obstruction or 
displacement), by health-care givers who cannot have 
enough time to protect themselves, leading to an higher 
risk of contamination. The question of healthcare pro-
vider protection is crucial, but the risk of viral aerosoli-
zation during standard procedures has probably been 
over-estimated [71]. Health care providers should prob-
ably, therefore, focus on the basic proven tenets of sup-
portive management even in COVID-19 ARDS—the 
PADIS guidelines [2] and the ABCDEF Bundle [42–45]. 
To optimize the ventilator liberation strategy, it is proba-
bly mandatory to improve the intricate strategies of anal-
gesia/sedation and ventilator setting/respiratory drive 
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Fig. 2 Proposition of an algorithm for troubleshooting mechanical ventilator adjustments, adapted from [6, 25]. APatients related factors include 
stress related symptoms (e.g. pain, discomfort, anxiety, dyspnea) and physiological factors (e.g. hyperthermia, acidosis, hypercapnia).  ABG arterial 
blood gas, ACV assist‑control volume, APRV Airway Pressure Release Ventilation, ARDS acute respiratory distress syndrome, PEEP positive end‑expira‑
tory pressure, PSV pressure‑support ventilation, NMBA neuromuscular blocking agent, RR respiratory rate
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control (Fig. 2). An “R” could be added to the ABCDEF 
acronym (Fig.  3) to potentiate the impact of previously 
well proven parts of this bundle [44, 45].

Analgesia
As per recent guidelines, priority should be given to anal-
gesia before sedation, considering an analgesia-first and/
or an exclusive analgesia-based strategy [2]. The most 
commonly used intravenous opioids include hydro-
morphone, fentanyl, sufentanil, remifentanil, and mor-
phine, with caution for the latter in the setting of renal 
impairment. Opioid sparing agents (e.g., gabapentin, 
paracetamol, nefopam, lidocaine, carbamazepine, cloni-
dine, dexmedetomidine, and low-dose ketamine) can be 
employed in a multimodal analgesia approach with the 
additional benefit that some of these drugs have sedative 
properties [48].

Nonsteroidal anti-inflammatory drugs should be used 
with extreme caution in all critically ill patients (with and 
without ARDS) because of the higher risk of side-effects 
in this population, including their immunosuppressive 

and kidney injurious effects. Local and/or regional anes-
thesia should be used when indicated, especially after 
trauma or surgery [72].

Sedation
Sedative choice is dictated by desired depth of sedation, 
need for amnestic effect, and ease of titration. For most 
mechanically ventilated patients, propofol and dexme-
detomidine are ideal agents, with continuous infusion 
midazolam as a second-line alternative. Shortages of 
these agents pose an extreme challenge especially when 
deep sedation is required, such as in the setting of thera-
peutic paralysis [9]. Other benzodiazepines, ketamine, 
phenobarbital, volatile anesthetics (e.g., sevoflurane, 
isoflurane) or even sodium gamma-hydroxy-butyrate 
(GHB, gamma-OH) can also be used to achieve deep 
sedation if needed. When patients do not require deep 
sedation, alternatives include: low dose intermittent 
benzodiazepines to treat anxiety (lorazepam, diazepam, 
clonazepam), antipsychotics (levomepromazine, loxap-
ine, haloperidol, cyamemazine, chlorpromazine, and 

Fig. 3 Updated ABCDEF‑R bundle for mechanically ventilated patients, including patients with ARDS, adapted from [42–45]
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quetiapine), and clonidine. Many of these agents have not 
been studied as primary sedative agents for critically ill 
patients.

Drug induced paralysis (NMBA)
Continuous infusion of cisatracurium, atracurium, or 
rocuronium are typically reserved for ARDS patients 
with severe or refractory hypoxia despite ventilator opti-
mization [13]. In case of drug shortage, one way to pre-
serve these agents is to offer them intermittently (bolus 
dosed) or “as needed” guided by ventilatory synchrony 
or based on the neuromuscular monitoring. If possible, 
adding an infusion of magnesium may potentiate NMBA 
effects [73]. Vecuronium is another agent that may be 
considered but is associated with prolonged paralysis in 
the setting of organ dysfunction, particularly kidney fail-
ure [74].

Conclusion
Analgesia and sedation are challenging in patients with 
ARDS for whom deep sedation and NMBAs are often 
indicated. To shorten the time of liberation from mechan-
ical ventilation, improve patients’ outcomes, and spare 
the ICU resources, their indication has to be justified 
regularly and the current guidelines on sedation/analge-
sia considered and applied as soon as possible. Managing 
the mechanical ventilator is of paramount importance to 
avoid unnecessary deep sedation. The ABCDEF approach 
could get a new letter “R” for respiratory drive control, 
ABCDEF-R being the bundle for ARDS patients or even 
more generally for patients who are mechanically venti-
lated. Evidence is needed to support this new approach. 
Further studies are needed regarding the validation of 
new electrophysiological tools for the assessment of anal-
gesia/sedation in paralysed patients and the efficacy of 
new drugs with fast elimination time. These new strat-
egies could avoid both an overuse of drugs and insuffi-
ciently treated patient pain and distressful symptoms. 
Finally, the use of this collaborative paper that grouped 
experts from North America, Europe, and Australia 
should be considered as a first step while further collabo-
ration with experts from more diverse countries remains 
an important goal for future work in this area.
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