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Evidence-based management of analgesia and sedation in COVID-19-associated acute respiratory dis-
tress syndrome remains limited. Non-guideline recommended analgesic and sedative medication regi-
mens and deeper sedation targets have been employed for patients with COVID-19 due to exaggerated
analgesia and sedation requirements with extended durations of mechanical ventilation. This, coupled
with a desire to minimize nurse entry into COVID-19 patient rooms, marked obesity, altered end-or-
gan function, and evolving medication shortages, presents numerous short- and long-term challenges.
Alternative analgesic and sedative agents and regimens may pose safety risks and require judicious
bedside management for appropriate use. The purpose of this commentary is to provide considerations
and solutions for designing safe and effective analgesia and sedation strategies for adult patients with
considerable ventilator dyssynchrony and sedation requirements, such as COVID-19.
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Coronavirus disease 2019 (COVID-19) is a
novel disease caused by the severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-
2). High-quality supportive critical care remains
an essential aspect of effective COVID-19 man-
agement.1 There is wide global variability in
patient characteristics and outcomes; in New
York City, 12.2–33.1% of patients with COVID-
19 required mechanical ventilation (MV) with
an overall mortality of 10.2–21% (14.6–88.1% in
the MV population).2, 3 Global rates of MV have
ranged from 10% to 88% in patients infected
with SARS-CoV-2, depending on patient charac-
teristics and practice strategies.4, 5
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Non-guideline recommended medication regi-
mens and deeper target sedation strategies have
been employed for patients with COVID-19 due
to exaggerated analgesia and sedation require-
ments with extended durations of MV.6 This,
coupled with a desire to minimize nurse entry
into COVID-19 patient rooms, marked obesity,
altered end-organ function, and evolving medi-
cation shortages, presents numerous short- and
long-term challenges. Alternative analgesic and
sedative agents and regimens may pose safety
risks and require judicious bedside management
for appropriate use. The purpose of this com-
mentary, rather than a position statement or
guideline, is to provide considerations and solu-
tions for designing safe and effective analgesia
and sedation strategies for adult patients with
considerable ventilator dyssynchrony and seda-
tion requirements, such as COVID-19.

This commentary was informed by articles
identified through literature searches (PubMed
from inception to June 2020) and the authors’
clinical experiences. The primary author devel-
oped the initial structure of the commentary
outline, then each commentary section was writ-
ten by one to two authors. Each author critically
evaluated subsequent revisions of the commen-
tary to align with their interpretation of available
evidence and best clinical practices. Most
authors practiced in institutions that experi-
enced a surge prior to or during commentary
development, which informed recommendations
given studies of analgesia and sedation in
COVID-19 are limited.

Overarching Strategies for Mitigating Risk and
Improving Efficacy with Sedation and Analgesia

Many evidence-based practices for pain, agita-
tion, delirium, immobilization, and sleep
(PADIS) have been challenged during the
COVID-19 pandemic.7 The approach to sedation
in mechanically ventilated COVID-19 patients
exemplifies a conflux of an incompletely under-
stood disease state, unprecedented constraints
on resources, and behavioral changes to mini-
mize exposure risk to health care workers. Pro-
motion of light sedation, sedation interruption,
and avoidance of deliriogenic pharmacotherapies
has been difficult or, in some cases, impossible
to apply.

A strategy of light sedation tends to reduce
time to extubation and tracheostomy placement
with inconsistently beneficial effects on delirium,
mortality, and psychological well-being after

discharge.7, 8 Historically, achieving light seda-
tion has been considered difficult in patients
with severe acute respiratory distress syndrome
(ARDS); however, recent trials suggest many
non-paralyzed patients will tolerate light seda-
tion and experience improved or similar out-
comes compared with paralyzed patients.9 Early
anecdotal observations have suggested COVID-
19 ARDS patients are difficult to keep comfort-
able and synchronous with the ventilator, and
large sedative exposure is necessary to achieve
goals. Concern for unintentional self-extubation
appears heightened because of the availability
and time needed to don personal protective
equipment if emergent room entry is needed.
Finally, as many nursing practices during the
pandemic have shifted to facilitate minimization
of room entry (e.g., placing infusion sets outside
of room), dynamic analgesia and sedation assess-
ments have become limited. Despite these hur-
dles, targeting the lightest level of sedation
necessary and using intermittently dosed seda-
tives and analgesics to support ventilator syn-
chrony should still be attempted.10, 11 If deep
sedation is initially required (e.g., persistent
patient-ventilator dyssynchrony, repositioning,
proning, or neuromuscular blocking agent
(NMBA) use), it should be lightened over time
as respiratory mechanics improve.12, 13

Given these challenges, daily awakening trials
in all patients without contraindications remains
imperative, particularly because of the preva-
lence of deeper sedation utilized in COVID-19.14

Although similar health care worker exposure
concerns related to self-extubation remain with
a daily interruption strategy, interruption that
considers patient-specific pharmacodynamics
remains the best strategy to mitigate drug accu-
mulation. Accumulation of medications with
context-sensitive half-lives that increase with
prolonged exposure (e.g., fentanyl, hydromor-
phone, morphine, methadone, benzodiazepines,
propofol, and phenobarbital) can be avoided
with thoughtful agent selection and diligent
monitoring.15 (Table 1).

Managing Shortages

Already challenging sedation and analgesia
requirements have been exacerbated by medica-
tion shortages arising secondary to increased use
and stockpiling by institutions. For example,
analgosedation with a favored opioid analgesic
may have been substituted to a different agent
with dissimilar pharmacokinetics, side effect
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profiles, and dosing in many institutions. Nurs-
ing and provider unfamiliarity with alternative
pharmacotherapies may lead to dosing errors
and subsequent under-sedation or over-sedation
regardless of patient characteristics. Many insti-
tutions may also experience an increase in con-
tinuous infusion benzodiazepine use due to
propofol shortages, inability to attain adequate
sedation with dexmedetomidine alone, or delete-
rious effects on hemodynamics from propofol,
dexmedetomidine, and/or ketamine.16 Addition-
ally, propofol and dexmedetomidine use may be
less frequent in patients who would otherwise
qualify for remdesivir if they do not require
vasopressor support because vasopressor therapy
to mitigate hypotension may exclude patients
from qualifying for the antiviral medication.17–20

Compared to these two agents, benzodiazepines
have been associated with an increased risk for
delirium and time spent on MV, particularly in
the milieu of deeper sedation.19, 20 The limited
availability of many commonly used agents has
necessitated the development of unconventional
strategies to keep patients with COVID-19 on
MV comfortable and synchronous. (Table 2).

Analgesics and Analgosedation

General Principles

Analgosedation consists of managing pain and
attempting to achieve sedative goals with an
analgesic-first strategy before considering other
non-analgesic sedative agents.7 Implementing
strategies to promote usual care as it pertains to
analgesic use and analgosedation in the current
pandemic should be strongly attempted.20

Assessment of pain is complex because of the
need to consider the temporality (i.e., acute,
chronic, or acute-on-chronic); source (i.e.,
somatic, visceral, or neuropathic); interpatient
variability in pain perception and analgesia tol-
erance; and masking of pain from deeper seda-
tion and neuromuscular blockade.7 During the
H1N1 pandemic in 2009–2010, higher fentanyl
requirements were observed in patients with
H1N1-associated pneumonia compared with
non-H1N1-associated pneumonia or ARDS asso-
ciated with bacterial pneumonia.16 Anecdotally,
we have observed this phenomenon again with
COVID-19.

Because patients will likely develop tachyphy-
laxis to specific opiate agents and medication
shortages are ever-present, transitioning between
opiate analgesics may be a necessary and

preferential strategy.21 At usual doses, most opi-
oids exhibit selectivity for l-receptors, but dif-
ferences in relative selectivity may result in
variable pharmacodynamic responses. Some opi-
oid agents also have mixed l-, j-, and/or d-re-
ceptor agonist activity and even mixed agonist/
antagonist activity (e.g., buprenorphine). If a
patient has escalating requirements, clinicians
may consider transitioning to another opioid
with a different binding profile.21 When transi-
tioning, the new opioid dose should be 25–50%
lower than the calculated equianalgesic dose
though a 50% reduction is appropriate for most
critically ill patients receiving higher doses who
may have additional risk factors.21 (Table 1)
Safer and more effective transitions may be
accomplished by allowing higher dosages and
more frequent intravenous bolus administration
alongside infusion titration schemas that con-
sider the opiate’s onset of action and half-life.
The predictability of the effects from agents that
undergo organ-dependent metabolism and elimi-
nation is reduced in the critically ill and those
with end-organ dysfunction. This necessitates
monitoring for dose-dependent adverse effects
such as over-sedation, constipation, hypotension,
and respiratory depression.21, 22 For these rea-
sons, enteral opioids are not routinely recom-
mended while patients are mechanically
ventilated, other than methadone and buprenor-
phine peri-extubation to mitigate opioid with-
drawal syndrome development, unless
intravenous opioid shortages necessitate their
use because of their risk of accumulation and
prolonging time to extubation.16, 21 Analgesia
should be evaluated routinely with attention to
whether continuous infusions are still needed
and a goal of transitioning to intermittent and as
needed administration when possible. The fol-
lowing subsections focus on opioids with poten-
tial roles for analgesia and analgosedation in
mechanically ventilated COVID-19 patients with
attention to agent preference and special consid-
erations for use.

Fentanyl

Fentanyl is a synthetic phenylpiperidine
derivative that provides analgesia and sedation
through l-opioid receptor agonism in the central
nervous system (CNS). Because of its high
lipophilicity (�580-times greater than mor-
phine), intravenous fentanyl has a rapid onset
(<1 minute) and short duration of action
(�30 minutes), making it an ideal agent to
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quickly manage acute uncontrolled pain,
although repeat doses may be needed sooner
than with other opioids.23 However, prolonged
infusions increase its duration of action by
extending its context-sensitive half-life. The
lipophilicity of fentanyl can also cause adipose
accumulation in obese patients. This can lead to
unintended effects when fentanyl is used for an
extended period of time, such as over-sedation,
respiratory depression, and a depot effect upon
discontinuation. Fentanyl undergoes phase 1
hepatic metabolism to norfentanyl, an inactive
metabolite, and may accumulate in moderate-to-
severe hepatic dysfunction.23

In addition to the intravenous dosage form,
fentanyl may be administered through various
other routes. Though less commonly used in
critically ill patients, transdermal fentanyl
patches may be considered to reduce intra-
venous fentanyl requirements in patients receiv-
ing a stable fentanyl dosage in cases of

considerable intravenous opioid shortage.7 Fen-
tanyl patches should be avoided when managing
acute pain because peak effects will not be
achieved until 24 hours after patch application.
The extent of absorption from fentanyl patches
is also variable and increases in area-under-the-
curve and maximum concentration may be
observed in patients who sweat and/or exhibit
fever, such as COVID-19 with cytokine release
syndrome.3, 24

Large doses of fentanyl have been associated
with chest wall rigidity precipitating insufficient
ventilation. This phenomenon is most commonly
described in neonatal and pediatric patients.
Among adults, it is unlikely to be observed
unless bolus doses of 100 mcg are exceeded.25

Fentanyl and other phenylpiperidines possess
slight serotonergic activity, which has been
linked to serotonin syndrome development when
used with monoamine oxidase inhibitors and
other serotonergic medications, although

Table 2. Example Analgesia and Sedation Regimens Based on Patient Characteristics and Medication Availability

Sedation
target Recommendation

End-organ
dysfunction Scheduled analgesia and sedation

Intermittent analgesia and
sedation

Light
(e.g., RASS
+ 1 to �1)

Primary None Fentanyl 25–150 mcg/hr + propofol
5–50 mcg/kg/min

Fentanyl 50–75 mcg IVP Q1H
PRN + lorazepam 0.5–2 mg
IVP Q1H PRN

Hepatic
Renal

Alternative None Hydromorphone 0.5–2 mg/hr +
dexmedetomidine 0.2–1.5 mcg/kg/hra

Hydromorphone 0.25–1 mg IVP
Q1H PRN + lorazepam
0.5–2 mg IVP Q1H PRN

Hepatic
Renal

Moderate
(e.g., RASS
�2 to �3)

Primary None Fentanyl 25–300 mcg/hr + propofol
5–80 mcg/kg/min � dexmedetomidine
0.2–1.5 mcg/kg/hra � ketamine
0.5–2.5 mg/kg/hr

Fentanyl 50–100 mcg IVP Q1H
PRN + lorazepam 0.5–2 mg
IVP Q1H PRN

Hepatic
Renal

Alternative None Hydromorphone 0.5–4 mg/hr +
dexmedetomidine 0.2–1.5 mcg/kg/hra

� ketamine 0.5–2.5 mg/kg/hr

Hydromorphone 0.25–2 mg IVP
Q1H PRN � ketamine
0.5–1 mg/kg IVP Q1H
PRN + lorazepam 0.5–2 mg
IVP Q1H PRN

Hepatic
Renal

Deep
(e.g., RASS
�4 to �5)

Primary None Fentanyl 25–300 mcg/hr + propofol
5–80 mcg/kg/min � dexmedetomidine
0.2–1.5 mcg/kg/hra � ketamine
0.5–5 mg/kg/hr

Fentanyl 50–100 mcg IVP Q1H
PRN + lorazepam 0.5–2 mg
IVP Q1H PRN

Hepatic
Renal

Alternative None Hydromorphone 0.5–6 mg/hr +
midazolam 0.5–15 mg/hr OR lorazepam
0.5–8 mg/hr � dexmedetomidine
0.2–1.5 mcg/kg/hra � ketamine
0.5–5 mg/kg/hr

Hydromorphone 0.25–2 mg IVP
Q1H PRN � ketamine
0.5–1 mg/kg IVP Q1H
PRN + lorazepam 0.5–2 mg
IVP Q1H PRN OR midazolam
0.5–4 mg IVP Q1H PRN

Hepatic

Renal Hydromorphone 0.5–4 mg/hr +
midazolam 0.5–6 mg/hr OR lorazepam
0.5–8 mg/hr � dexmedetomidine
0.2–1.5 mcg/kg/hra � ketamine
0.5–5 mg/kg/hr

Hydromorphone 0.25–2 mg IVP
Q1H PRN � ketamine
0.5–1 mg/kg IVP Q1H
PRN + lorazepam 0.5–2 mg
IVP Q1H PRN OR midazolam
0.5–2 mg IVP Q1H PRN

IVP: intravenous push; Q1H: every 1 hr; RASS: Richmond Agitation Sedation Scale
Alternative regimens consider medication shortages for desired primary analgesics and sedatives; if fentanyl or propofol is available then they
may be substituted for agents in alternate regimens
End-organ dysfunction refers to moderate-to-severe degree of impairment
aNot recommended for longer than 5–7 days to reduce likelihood of withdrawal syndrome
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incidence is low (0.09%).26 Because fentanyl and
its derivatives are the most hemodynamically
neutral opioids and do not accumulate in renal
dysfunction as seen with hydromorphone and
morphine, patients at greatest risk for hemody-
namic and renal complications may represent
ideal candidates to receive fentanyl rather than
another intravenous opioid.22, 23 Because up to
84% of critically ill COVID-19 patients have
exhibited renal dysfunction, fentanyl may be the
opioid of choice in these patients.3

Fentanyl Derivatives

Although significant literature exists for peri-
operative use of fentanyl derivatives (i.e.,
sufentanil, alfentanil, and remifentanil), studies
for ICU analgesia and sedation are limited.27–30

Recent fentanyl shortages have forced some
institutions to rely on fentanyl derivatives for
ICU analgesia and sedation, which may
improve our understanding of their benefits
and limitations. Sufentanil, alfentanil, and
remifentanil possess more rapid onsets of
action than fentanyl though their potency
varies.31–33 (Table 1) Similar to fentanyl, sufen-
tanil and alfentanil are hepatically metabolized
to renally excreted inactive metabolites.31, 32

Remifentanil is metabolized by plasma and tis-
sue cholinesterases, yielding an ultra-short half-
life (<5 minutes) independent of infusion dura-
tion and end-organ dysfunction.33 Remifentanil
has not been compared to fentanyl in ICU
patients though its comparisons to benzodi-
azepines and morphine have suggested patients
who received remifentanil had shorter dura-
tions of MV, were optimally sedated a greater
percentage of the time, and required less ben-
zodiazepines.29, 30 These unique characteristics
and encouraging data led to remifentanil’s rec-
ommendation in the most recent PADIS guide-
lines and make it an appealing fentanyl
alternative in patients with hepatic dysfunction,
obesity, and/or extensive analgesia and sedation
requirements.7, 34 Infusion titration of remifen-
tanil must be precise and performed vigilantly
because bolus doses for uncontrolled pain are
short-lasting.34 Remifentanil infusions may
cause acute opioid tolerance after a few hours
post-initiation and, conversely, opioid-induced
hyperalgesia.34, 35 Although acute opioid toler-
ance can be overcome with increasing the infu-
sion dosage, this strategy exacerbates
hyperalgesia so differentiating between the
complications is necessary.34, 35

Hydromorphone

Hydromorphone, a semisynthetic l-opioid
agonist, undergoes phase 2 hepatic metabolism
(glucuronidation) to inactive metabolites that
are renally eliminated and has a minimally or
moderately prolonged half-life in patients with
severe hepatic or renal dysfunction.36 Hydro-
morphone is less lipophilic than fentanyl and its
derivatives, resulting in relatively less distribu-
tion into adipose tissue.37 Because of the dispro-
portionately higher percentage of obese patients
with COVID-19 ARDS, hydromorphone may be
a reasonable option that provides similar analge-
sia for an obese patient without hepatic or renal
dysfunction if fentanyl is unavailable or its use
is being stewarded.2, 38 Additionally, intravenous
hydromorphone has a reliably longer duration of
action than fentanyl, which allows for less fre-
quent bolus doses for patients who are being
titrated down or transitioned off an infusion.
This intermittent dosing strategy can reduce
nurse exposure and yield more efficient patient
care but risks drug accumulation. Hydromor-
phone may be provided enterally in patients
with a functional gastrointestinal tract whom are
receiving a relatively stable intravenous hydro-
morphone dose and are at lower risk for medica-
tion accumulation to preserve intravenous
hydromorphone and facilitate opioid weaning.36

Morphine

Morphine, the prototypical l-opioid agonist,
exhibits dose-response effects depending on
metabolic and excretory function.39 Morphine
undergoes phase 2 hepatic metabolism (glu-
curonidation) to two active, water-soluble
metabolites, morphine-3-glucuronide (80%) and
morphine-6-glucuronide (20%), which are ren-
ally eliminated. The hepatic and renal injury
that develops in up to 89% and 84%, respec-
tively, of mechanically ventilated COVID-19
patients suggests morphine use would predis-
pose many patients to adverse effects.3

Decreased elimination of morphine-3-glu-
curonide may potentiate a distinct neurotoxicity
syndrome characterized by hallucinations, delir-
ium, allodynia, hyperalgesia, myoclonus, and
seizures.40 Neurological dysfunction, potentially
from microthrombi, is being more commonly
recognized in patients with COVID-19, and mor-
phine use could obfuscate this clinical picture.41

Additionally, morphine-associated histamine
release and subsequent vasodilation is a well-
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established adverse effect that may be exacer-
bated in patients already receiving intravenous
vasopressor therapy and/or experiencing renal
dysfunction.6, 42 Although the histamine release
and commonly concurrent pruritus frequently
respond to antihistamine medications, these
medications often have anticholinergic effects
that can increase the risk of a bacterial pneumo-
nia and delirium.43 Collectively, the unpre-
dictable pharmacokinetics and unfavorable
adverse effect profile limits the utility of mor-
phine for mechanically ventilated COVID-19
patients unless other options are unavailable. In
situations of significant drug shortage, morphine
may be an opioid of last resort and should be
used at the lowest continuous infusion rates
acceptable for ventilator synchrony and patient
comfort to reduce medication accumulation.
Adequate morphine bolus doses should be avail-
able to reduce over-sedation and hypotension
risks while limiting nurse exposure.

Methadone

Methadone is a synthetic opioid that acts in
the CNS, demonstrating inhibition of nore-
pinephrine and serotonin reuptake, antagonism
at N-methyl-D-aspartate (NMDA) receptors, and
agonism at l-opioid receptors.44 These mecha-
nisms increase effectiveness in neuropathic pain
treatment and remodeling pain pathways that
prevent maladaptive acute pain responses.45

Methadone is hepatically metabolized through
multiple cytochrome P450 enzymes to inactive
metabolites, which increases the risk of drug-
drug interactions. These safety concerns are
paramount, particularly when used in combina-
tion with other QTc-prolonging or serotonergic
medications because of increased risks of tor-
sades de pointes and serotonin syndrome,
respectively.46 Although accumulation in renal
and hepatic dysfunction is rarely observed, the
half-life increases from 7 hours up to 65 hours
with longer durations of use, positioning metha-
done as an ideal agent to facilitate intravenous
opioid tapering to discontinuation while mitigat-
ing opioid withdrawal risk and symptoms and
shortening MV duration and ICU lengths of
stay.46–50 Because of uncertainties regarding
equianalgesic dosing conversions and prolonged
duration of action with longer durations of use,
methadone should be initiated within a couple
of days of expected extubation and likely
reserved for patients who are at greatest risk of
opioid withdrawal syndrome (e.g., intravenous

opioid use> 5–7 days).48, 51 Additionally,
buprenorphine may be considered peri-extuba-
tion as well to limit opioid withdrawal syndrome
development and effects.47

Sedatives

Benzodiazepines

Benzodiazepines are CNS ϒ-aminobutyric
acid-A (GABAA) receptor agonists that produce
amnestic, anxiolytic, sedative, and anticonvul-
sant effects.7 Although continuous infusions of
benzodiazepines were used in many patients
during the H1N1 epidemic due to propofol
shortages, their use for traditional sedation has
diminished significantly over the last decade
because of associations with increased ICU and
hospital lengths of stay, MV duration, and delir-
ium and cognitive dysfunction incidence.7, 16

The poor outcomes may be a result of deeper
sedation depth and delayed emergence from
sedation with benzodiazepine infusions com-
pared to non-benzodiazepines.7, 18, 19 In particu-
lar, the odds of delirium development appear to
be approximately 4% greater for each 5 mg of
midazolam equivalents for a benzodiazepine
infusion but are similar to non-benzodiazepines
for intermittent bolus dosing benzodiazepines.52

Consequently, intermittent benzodiazepine doses
can play a role for remediating acute agitation in
mechanically ventilated patients with COVID-19
ARDS.52 Because benzodiazepines accumulate in
hepatic (e.g., diazepam, lorazepam, midazolam)
and renal (e.g., diazepam, midazolam) impair-
ment and with increasing age, every reasonable
attempt to avoid continuous infusions should be
made.53 However, select circumstances (e.g.,
chemical paralysis necessitating deep sedation
when propofol is contraindicated or unavailable)
may require continuous benzodiazepine adminis-
tration.7 Strategies to reduce overall benzodi-
azepine exposure include spontaneous
awakening trials, multimodal sedation, and
intermittent bolus dosing.7, 52

Midazolam

Midazolam has a quicker onset of action for
intravenous benzodiazepines alongside a shorter
half-life than lorazepam when used intermit-
tently in patients without renal dysfunction or
obesity.53, 54 In obese patients or those with
renal dysfunction receiving continuously infused
midazolam, delayed emergence is frequently
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observed because of a widely variable half-life
due to redistribution into adipose tissue and an
active metabolite that is renally eliminated and
only partially cleared by renal replacement ther-
apies.55–57 Midazolam should be avoided or lim-
ited to intermittent dosing in these at-risk
populations unless no other options exist.58

Lorazepam

Intravenous lorazepam has a delayed onset of
action and relatively longer half-life compared to
midazolam, suggesting intermittent doses may
take slightly longer to yield an effect but will
persist while other sedation and ventilator set-
tings are adjusted or an intermittent NMBA dose
is eliminated.53, 54 Lorazepam undergoes phase
2 hepatic metabolism (glucuronidation) and
elimination, making it the preferred benzodi-
azepine in severe hepatic dysfunction.7 Intra-
venous lorazepam contains the diluent
propylene glycol, which may accumulate and
cause a wide anion gap metabolic acidosis, typi-
cally when infused at> 1 mg/kg/day and/or with
an osmol gap of> 10 mOsm/L.59, 60 Although
intermittent dosing of lorazepam may play a
vital role in management of acute agitation, con-
tinuous infusions of lorazepam should be used
very cautiously because of the risk for develop-
ing propylene glycol-mediated metabolic acidosis
and delayed emergence from sedation with con-
tinuous infusion benzodiazepines.7, 52

Other Benzodiazepines

Diazepam is a rapid-acting benzodiazepine
that is less preferred in the critically ill due to
highly variable metabolism, longer half-life (20–
120 hr), and prolonged sedative effects in hep-
atic or renal dysfunction. Diazepam intravenous
solution also contains propylene glycol, warrant-
ing monitoring of the osmol gap for propylene
glycol-related toxicity.53 Enterally administered
benzodiazepines may be considered to reduce
withdrawal when weaning a continuous infusion
to discontinuation prior to extubation after pro-
longed use (e.g., >7 days).53 Enteral benzodi-
azepines that may be considered include
chlordiazepoxide, alprazolam, clonazepam, dia-
zepam, or lorazepam.

Propofol

Propofol is a GABAA receptor agonist display-
ing sedative, antiemetic, anticonvulsant, and

amnestic effects.61 It has a rapid onset, ability to
achieve all depths of sedation, and short dura-
tion of action that is prolonged with continuous
use and in obesity because it is formulated in a
lipid emulsion. This formulation may result in
hypertriglyceridemia with extended use. Hyper-
triglyceridemia may be exacerbated by the
hypertriglyceridemia from a secondary
hemophagocytic lymphohistiocytosis-like syn-
drome observed in many COVID-19 ARDS
patients.62 A more lenient serum triglyceride
threshold of 1000 mg/dL has been suggested for
propofol discontinuation and implemented in
many institutions to balance a relatively low risk
of acute pancreatitis (1.9%) with a desire to con-
tinue propofol for a longer duration in a greater
percentage of patients.63 Green urine is a com-
mon effect from propofol that has not been asso-
ciated with harm.64 Propofol-related infusion
syndrome is a rare adverse effect (1.1%)that has
a mortality rate of 52% and appears to be more
common with higher infusion rates (i.e., >80
mcg/kg/min), longer durations of use, and
greater critical illness.65 Patients receiving
propofol more commonly develop hypotension
(16–34%) within a few hours of initiation, par-
ticularly in those having received inadequate
fluid resuscitation, and may persist with frequent
dosage increases, higher dosages, and/or bolus
dosing.17, 66–68 Consequently, bolus dosing is
strongly discouraged for ICU sedation. If deep
sedation is being targeted, propofol-associated
hypotension may be managed with intravenous
vasopressor therapy rather than transitioning to
a benzodiazepine continuous infusion.7 If lighter
sedation is being targeted, a lower propofol
dosage may be used if dexmedetomidine or keta-
mine are concomitantly initiated, which can help
lower the risk of hemodynamic adverse effects
and prolong propofol use.68, 69 Although propo-
fol is considered a first-line sedative in ARDS,
potential immunosuppressive effects in animal
studies, such as increases IL-1b, IL-6 and tumor
necrosis factor-a, and inflammatory effects from
omega-6-polyunsaturated fatty acids in the lipid
emulsion, warrant further study in COVID-19
ARDS.69

Dexmedetomidine

Dexmedetomidine is an alpha-2-adrenergic
agonist with preferential CNS activity that pro-
vides anxiolysis, sedation, and possible neuro-
protection through its unique mechanism of
action.70–72 Its light sedative properties and

COVID-19 ANALGESIA & SEDATION STRATEGIES Adams et al 1187



predictable pharmacokinetics make dexmedeto-
midine an attractive monotherapy sedative for
patients tolerating MV while remaining more
arousable. Dexmedetomidine may potentially
play a role as an adjuvant sedative to reduce
dosages of other sedatives and analgesics while
lessening their adverse effects when deeper seda-
tion is necessary.7, 67, 68, 73 Patients receiving
dexmedetomidine are at risk for hypotension
and more commonly bradycardia within a few
hours of initiation, particularly if an initial bolus
dose is provided, and with dosage escalations
more frequently than every 30 minutes, due to
medication accumulation because of its relatively
longer half-life and time to peak effects.18, 66, 74

Patients may also benefit from dexmedetomidine
initiation in the days leading up to extubation
when spontaneous awakening trials and lighter
sedation are better tolerated and COVID-19
ARDS sequelae are resolving. Dexmedetomidine
use may minimize MV duration and develop-
ment of delirium and secondary respiratory
infections, although prolonged use can con-
tribute to dexmedetomidine withdrawal, which
may increase hemodynamics and agita-
tion.68, 73, 75, 76 Patients may be extubated on
dexmedetomidine if sedation without respiratory
depression is required, particularly because
dexmedetomidine may reduce cough and
aerosolization risk of the virus.75, 77

Ketamine

Ketamine, an NMDA receptor antagonist, inter-
feres with ion channel opening and neuron depo-
larization to produce sedative and analgesic
effects. 78 Additional sedation from functional
and electrophysiological dissociation of thalamo-
neocortical and limbic systems and analgesia,
comparable to morphine, from l- and j-receptor
agonism aid in ketamine’s variable and evolving
role in COVID-19 ARDS management.79, 80

Whereas analgesia may be producible at lower
ketamine doses (i.e., <0.5 mg/kg/h), dissociative
sedation requires higher doses (i.e., 1–5 mg/kg/
h). Deeper sedation and burst suppression may be
attained with doses> 5 mg/kg/hour.81 Observa-
tional studies of ketamine have suggested reduc-
tions in opioid and sedative requirements with
neutral or increased time within goal analgesia
and sedation targets and similar time and propor-
tion of patients with delirium.82–86 Ketamine may
be initiated with a bolus dose (0.5–1 mg/kg) and
initial infusion rate (1–5 mg/kg/hr), depending
on the desired analgesia and/or sedative

effects.7, 83 Ketamine typically produces dose-re-
lated increases in cardiac index by enhancing
sympathomimetic outflow and decreasing cate-
cholamine reuptake; however, critically ill
patients replete of endogenous catecholamines
may infrequently experience hypotension rather
than blood pressure-neutral or hypertensive
effects.87, 88 Similarly, the potential for negative
sequelae in patients with COVID-19-associated
cardiomyopathy who receive ketamine exists
though this requires further evaluation.86–88 Keta-
mine may be a valuable adjuvant in COVID-19
ARDS patients requiring moderate-to-deep seda-
tion and may be considered for monotherapy in
those tolerating light sedation and analgesia
needs. Additionally, ketamine is not associated
with significant respiratory depression and actu-
ally relaxes smooth muscle in the respiratory
tract, supporting its role in peri-extubation agita-
tion management; however, low rates of hyper-
salivation, laryngospasm, emesis, and emergence
phenomenon suggest it should be considered in
patients unable to tolerate dexmedetomidine for
this purpose.87

Miscellaneous

Phenobarbital

Phenobarbital, a barbiturate sedative hypnotic,
produces sedation through GABAA receptor ago-
nism.89 Prolonged use of phenobarbital may
induce cytochrome P450 2C and 3A enzymes,
increasing metabolism of enzymatic substrates
(e.g., fentanyl, midazolam).90 Its long half-life
(�80 hrs in adults) precludes safe dose titration
and limits utility for acute agitation in COVID-
19 ARDS patients synchronous with MV at light
or moderate depths of sedation.89 However,
because of critical shortages for common seda-
tives used to elicit deep sedation (i.e., benzodi-
azepines, propofol), adjunctive intermittent or
scheduled doses of enteral or intravenous phe-
nobarbital (e.g., 5–10 mg/kg loading doses fol-
lowed by 1–2 mg/kg/day in two to four divided
doses and 65–130 mg bolus doses as needed)
may be necessary in these patients.91, 92 Intra-
venous phenobarbital is dissolved in propylene
glycol, which may necessitate osmol gap moni-
toring.60

Antipsychotics

Although routine antipsychotic use is not rec-
ommended for ICU delirium prevention or
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treatment, short-term intermittent or scheduled
doses may facilitate agitation management and/
or planned extubation in the hyperactive delir-
ium or agitated patient with COVID-19 at risk
for self-extubation or experiencing ventilator
dyssynchrony.7, 93 Each antipsychotic has activ-
ity at a variety of receptors, resulting in hetero-
geneous responses among patients, so their use
should be limited to patients not responding to
safer, titratable alternatives.93 Monitoring for
QTc interval prolongation and discontinuing the
agent if ineffective or the desired outcome (e.g.,
extubation) has been achieved are best prac-
tices.7, 94

Valproate

Reducing exposure to psychoactive agents uti-
lized for sedation may be considered, especially
as respiratory mechanics improve. Administra-
tion of agents that have been used in critical
care for agitation, such as valproate, may reduce
concomitant psychoactive medication use,
although further investigation is required.95, 96

Melatonin

Melatonin, an endogenous hormone that regu-
lates sleep-wake cycles primarily through MT1
and MT2 melatonin receptors, has additional
anti-inflammatory, anti-oxidation, and
immunomodulation effects that may theoretically
be beneficial in COVID-19-related cytokine
release syndrome.97 Efficacy and dosing remain
areas of future study though 3–20 mg nightly
may be reasonable to consider in select
patients.98

Conclusions

Evidence-based management of analgesia and
sedation in COVID-19-associated ARDS remains
limited. Although recommendations from PADIS
and ARDS guidelines should help guide deci-
sion-making, the severity of ARDS and ventilator
dyssynchrony coupled with medication shortages
require clinicians to explore non-traditional
strategies for analgesia and sedation in patients
with COVID-19. High-quality care and decision-
making at the bedside that considers insights
from all health care team members and evolves
with patient needs and emerging data are para-
mount to yielding individualized analgesia and
sedation plans that afford patients with COVID-

19 their best opportunity to achieve treatment
goals.

Acknowledgements

DAH conceptualized the commentary, prepared the
initial manuscript outline, and supervised the writing
group. KB developed Table 1 and DAH developed
Table 2. All other authors prepared an initial draft of
his or her manuscript section, which was incorpo-
rated into the first manuscript draft by DAH. There-
after, all authors reviewed and edited subsequent
drafts until all authors agreed to the final submitted
manuscript.

References

1. Alhazzani W, Møller MH, Arabi YM, et al. Surviving sepsis
campaign: guidelines on the management of critically ill adults
with coronavirus disease 2019 (COVID-19) [published online
ahead of print, 2020 Mar 27]. Crit Care Med 2020;48:e440–
69.

2. Goyal P, Choi JJ, Pinheiro LC, et al. Clinical characteristics of
Covid-19 in New York City. N Engl J Med 2020;382:2372–74.

3. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting
characteristics, comorbidities, and outcomes among 5700
patients hospitalized with COVID-19 in the New York City
area. JAMA 2020;323:2052.

4. Grasselli G, Zangrillo A, Zanella A, et al. Baseline characteris-
tics and outcomes of 1591 patients infected with SARS-CoV-2
admitted to ICUs of the Lombardy Region, Italy. JAMA
2020;323:1574.

5. Huang C, Wang Y, Li X, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet
2020;395(10223):497–506.

6. Bhatraju PK, Ghassemieh BJ, Nichols M, et al. Covid-19 in
Critically Ill Patients in the Seattle Region - Case Series [pub-
lished online ahead of print, 2020 Mar 30]. N Engl J Med
2020;382:2012–22.

7. Devlin JW, Skrobik Y, G�elinas C. Clinical practice guidelines
for the prevention and management of pain, agitation/sedation,
delirium, immobility, and sleep disruption in adult patients in
the ICU. Crit Care Med. 2018;46:e825–73.

8. Treggiari MM, Romand JA, Yanez ND, et al. Randomized trial
of light versus deep sedation on mental health after critical ill-
ness. Crit Care Med 2009;37:2527–34.

9. National Heart, Lung, and Blood Institute PETAL Clinical Tri-
als Network, Moss M, Huang DT, et al. Early neuromuscular
blockade in the acute respiratory distress syndrome. N Engl J
Med 2019;380(21):1997–2008.

10. Olsen HT, Nedergaard HK, Strøm T, et al. Nonsedation or
light sedation in critically ill, mechanically ventilated patients.
N Engl J Med 2020;382(12):1103–1111.

11. Puntillo KA, Max A, Timsit JF, et al. Determinants of proce-
dural pain intensity in the intensive care unit. The Europain�
study. Am J Respir Crit Care Med 2014;189(1):39–47.

12. Gu�erin C, Reignier J, Richard JC, et al. Prone positioning in
severe acute respiratory distress syndrome. N Engl J Med
2013;368(23):2159–68.

13. Combes A, Hajage D, Capellier G, et al. Extracorporeal mem-
brane oxygenation for severe acute respiratory distress syn-
drome. N Engl J Med 2018;378(21):1965–75.

14. Girard TD, Kress JP, Fuchs BD, et al. Efficacy and safety of a
paired sedation and ventilator weaning protocol for mechani-
cally ventilated patients in intensive care (Awakening and
Breathing Controlled trial): a randomised controlled trial. Lan-
cet 2008;371(9607):126–34.

15. Becker DE. Pharmacokinetic considerations for moderate and
deep sedation. Anesth Prog 2011;58(4):166–73.

COVID-19 ANALGESIA & SEDATION STRATEGIES Adams et al 1189



16. Olafson K, Ramsey CD, Ariano RE, et al. Sedation and analge-
sia usage in severe pandemic H1N1 (2009) infection: a com-
parison to respiratory failure secondary to other infectious
pneumonias. Ann Pharmacother 2012;46(1):9–20.

17. Grein J, Ohmagari N, Shin D, et al. Compassionate use of
remdesivir for patients with severe Covid-19. N Engl J Med
2020;382:2327–36.

18. Benken S, Madrzyk E, Chen D, et al. Hemodynamic effects of
propofol and dexmedetomidine in septic patients without
shock. Ann Pharmacother 2020;54(6):533–40.

19. Jakob SM, Ruokonen E, Grounds RM, et al. Dexmedeto-
midine vs midazolam or propofol for sedation during pro-
longed mechanical ventilation: two randomized controlled
trials. JAMA 2012;307(11):1151–60.

20. Riker RR, Shehabi Y, Bokesch PM, et al. Dexmedetomidine vs
midazolam for sedation of critically ill patients: a randomized
trial. JAMA 2009;301(5):489–99.

21. Smith HS, Peppin JF. Toward a systematic approach to opioid
rotation. J Pain Res 2014;7:589–608.

22. Chen A, Ashburn MA. Cardiac effects of opioid therapy. Pain
Med 2015;16(Suppl 1):S27–31.

23. Peng PW, Sandler AN. A review of the use of fentanyl analge-
sia in the management of acute pain in adults. Anesthesiology
1999;90(2):576–99.

24. Shomaker TS, Zhang J, Ashburn MA. Assessing the impact of
heat on the systemic delivery of fentanyl through the transder-
mal fentanyl delivery system. Pain Med 2000;1(3):225–30.

25. Phua CK, Wee A, Lim A, et al. Fentanyl-induced chest wall
rigidity syndrome in a routine bronchoscopy. Respir Med Case
Rep 2017;20:205–7.

26. Koury KM, Tsui B, Gulur P. Incidence of serotonin syndrome
in patients treated with fentanyl on serotonergic agents. Pain
Physician 2015;18(1):E27–30.

27. Cohen AT, Kelly DR. Assessment of alfentanil by intravenous
infusion as long-term sedation in intensive care. Anaesthesia
1987;42:545–8.

28. Kroll W, List WF. Is sufentanil suitable for long-term sedation
of a critically ill patient? Anaesthesist 1992;41:271–5.

29. Rozendaal FW, Spronk PE, Snellen FF, et al. Remifentanil-
propofol analgo-sedation shortens duration of ventilation and
length of ICU stay compared to a conventional regimen: a cen-
tre randomised, cross-over, open-label study in the Nether-
lands. Intensive Care Med 2009;35:291–8.

30. Dahaba AA, Grabner T, Rehak PH, et al. Remifentanil versus
morphine analgesia and sedation for mechanically ventilated
critically ill patients: a randomized double blind study. Anes-
thesiology 2004;101:640–6.

31. Scholz J, Steinfath M, Schulz M. Clinical pharmacokinetics of
alfentanil, fentanyl, and sufentanil. An update. Clin Pharma-
cokinet 1996;31:275–92.

32. Larijani GE, Goldberg ME. Alfentanil hydrochloride: a new
short-acting narcotic analgesic for surgical procedures. Clin
Pharm 1987;6:275–82.

33. Michelsen LG, Hug CC Jr. The pharmacokinetics of remifen-
tanil. J Clin Anesth 1996;8:679–82.

34. Yu EHY, Tran HD, Lam SW, Irwin MG. Remifentanil toler-
ance and hyperalgesia: short term gain, long term pain? Anaes-
thesia 2016;71:1347–62.

35. Kim SH, Stoicea N, Soghomonyan S, Bergese SD. Remifen-
tanil-acute opioid tolerance and opioid-induced hyperalgesia: a
systematic review. Am J Ther 2015;22(3):e62–74.

36. Devlin JW, Roberts RJ. Pharmacology of commonly used anal-
gesics and sedatives in the ICU: benzodiazepines, propofol,
and opioids. Anesthesiol Clin 2011;29(4):567–85.

37. Wagner BKJ, O’Hara DA. Pharmacokinetics and pharmacody-
namics of sedatives and analgesics in the treatment of agitated
critically ill patients. Clin Pharmacokinet 1997;33:426–53.

38. Kovacevic M, Szumita P, Dube K, Degrado J. Transition from
continuous infusion fentanyl to hydromorphone in critically ill
patients. J Pharm Pract 2020;33(2):120–35.

39. Gommers D, Bakker J. Medications for analgesia and sedation
in the intensive care unit: an overview. Crit Care 2008;12
(Suppl 3):S4.

40. Devlin JW, Roberts RJ. Pharmacology of commonly used anal-
gesics and sedatives in the ICU: benzodiazepines, propofol,
and opioids. Crit Care Clin 2009;25:431–49.

41. Needham EJ, Chou SH, Coles AJ, Menon DK. Neurological
implications of COVID-19 infections. Neurocrit Care 2020;32
(3):667–71.

42. Baldo BA, Pham NH. Histamine-releasing and allergenic prop-
erties of opioid analgesic drugs: resolving the two. Anaesth
Intensive Care 2012;40(2):216–35.

43. Schmelz M. Opioid-induced pruritus. Mechanisms and treat-
ment regimens. Anaesthesist 2009;58(1):61–5.

44. Brown R, Kraus C, Fleming M, Reddy S. Methadone: applied
pharmacology and use as adjunctive treatment in chronic pain.
Postgrad Med J 2004;80(949):654–9.

45. Chhabra S, Bull J. Methadone. Am J Hosp Palliat Care
2008;25(2):146–50.

46. Fredheim OM, Moksnes K, Borchgrevink PC, Kaasa S, Dale
O. Clinical pharmacology of methadone for pain. Acta Anaes-
thesiol Scand 2008;52(7):879–89.

47. Smith HS. Opioid metabolism. Mayo Clin Proc 2009;84
(7):613–24.

48. Elefritz JL, Murphy CV, Papadimos TJ, Lyaker MR. Metha-
done analgesia in the critically ill. J Crit Care 2016;34:84–8.

49. Al-Qadheeb NS, Roberts RJ, Griffin R, Garpestad E, Ruthazer
R, Devlin JW. Impact of enteral methadone on the ability to
wean off continuously infused opioids in critically ill, mechan-
ically ventilated adults: a case-control study. Ann Pharma-
cother 2012;46(9):1160–6.

50. Wanzuita R, Poli-de-Figueiredo LF, Pfuetzenreiter F, Caval-
canti AB, Westphal GA. Replacement of fentanyl infusion by
enteral methadone decreases the weaning time from mechani-
cal ventilation: a randomized controlled trial. Crit Care
2012;16(2):R49.

51. Ripamonti C, Groff L, Brunelli C, Polastri D, Stavrakis A, De
Conno F. Switching from morphine to oral methadone in
treating cancer pain: what is the equianalgesic dose ratio? J
Clin Oncol 1998;16(10):3216–21.

52. Zaal IJ, Devlin JW, Hazelbag M, et al. Benzodiazepine-associ-
ated delirium in critically ill adults. Intensive Care Med
2015;41(12):2130–7.

53. Barbani F, Angeli E, De Gaudio AR. Intravenous sedatives
and analgesics. In: De Gaudio AR, Romagnoli S, eds. Critical
care sedation. Cham: Springer, 2018. 87–90.

54. Arcangeli A, Antonelli M, Mignani V, Sandroni C. Sedation in
PACU: the role of benzodiazepines. Curr Drug Targets
2005;6:745–8.

55. Swart EL, de Jongh J, Zuideveld KP, Danhof M, Thijs LG,
Strack Van Schijndel RJ. Population pharmacokinetics of lora-
zepam and midazolam and their metabolites in intensive care
patients on continuous venovenous hemofiltration. Am J Kid-
ney Dis 2005;45(2):360–71.

56. Philips BJ, Lane K, Dixon J, Macphee I. The effects of acute
renal failure on drug metabolism. Expert Opin Drug Metab
Toxicol 2014;10:11–23.

57. Bolon M, Bastien O, Flamens C, Paulus S, Boulieu R. Midazo-
lam disposition in patients undergoing continuous venovenous
hemodialysis. J Clin Pharmacol 2001;41(9):959–62.

58. Barr J, Zomorodi K, Bertaccini EJ, et al. A double-blind, ran-
domized comparison of i.v. lorazepam versus midazolam for
sedation of ICU patients via a pharmacologic model. Anesthe-
siology 2001;95:286–98.

59. Yahwak JA, Riker RR, Fraser GL, et al. Determination of a lora-
zepam dose threshold for using the osmol gap to monitor for
propylene glycol toxicity. Pharmacotherapy 2008;28:984–91.

60. Barnes BJ, Gerst C, Smith JR, et al. Osmol gap as a surrogate
marker for serum propylene glycol concentrations in patients
receiving lorazepam for sedation. Pharmacotherapy
2006;26:23–33.

61. Walsh CT. Propofol: milk of amnesia. Cell 2018;175(1):10–
13.

62. Chen T, Wu D, Chen H, et al. Clinical characteristics of 113
deceased patients with coronavirus disease 2019: retrospective
study. BMJ 2020;368:m1091.

1190 PHARMACOTHERAPY Volume 40, Number 12, 2020



63. Devlin JW, Lau AK, Tanios MA. Propofol-associated hyper-
triglyceridemia and pancreatitis in the intensive care unit: an
analysis of frequency and risk factors. Pharmacotherapy
2005;25(10):1348–52.

64. Bodenham A, Culank LS, Park GR. Propofol infusion and
green urine. Lancet 1987;2(8561):740.

65. Roberts RJ, Barletta JF, Fong JJ, et al. Incidence of propofol-
related infusion syndrome in critically ill adults: a prospective,
multicenter study. Crit Care 2009;13(5):R169.

66. Nelson KM, Patel GP, Hammond DA. Effects From Continu-
ous Infusions of Dexmedetomidine and Propofol on Hemody-
namic Stability in Critically Ill Adult Patients With Septic
Shock. J Intensive Care Med 2020;35:875–80.

67. Morelli A, Sanfilippo F, Arnemann P, et al. The effect of
propofol and dexmedetomidine sedation on norepinephrine
requirements in septic shock patients: a crossover trial. Crit
Care Med 2019;47(2):e89–95.

68. Shehabi Y, Howe BD, Bellomo R, et al. ANZICS Clinical Tri-
als Group and the SPICE III Investigators. Early sedation with
dexmedetomidine in critically ill patients. N Engl J Med
2019;380:2506–17.

69. Wanten GJ, Calder PC. Immune modulation by parenteral
lipid emulsions. Am J Clin Nutr 2007;85(5):1171–84.

70. Reardon DP, Anger KE, Adams CD, Szumita PM. Role of
dexmedetomidine in adults in the intensive care unit: an
update. Am J Health-Syst Pharm 2013;70:767–77.

71. Taniguchi T, Kidani Y, Kanakura H, et al. Effects of
dexmedetomidine on mortality rate and inflammatory
responses to endotoxin-induced shock in rats. Crit Care Med
2004;32(6):1322–26.

72. Chen X, Hu J, Zhang C, et al. Effect and mechanism of
dexmedetomidine on lungs in patients of sepsis complicated
with acute respiratory distress syndrome. Zhonghua Wei
Zhong Bing Ji Jiu Yi Xue. 2018;30(2):151–5.

73. Kawazoe Y, Miyamoto K, Morimoto T, et al. Effect of
dexmedetomidine on mortality and ventilator-free days in
patients requiring mechanical ventilation with sepsis: a ran-
domized clinical trial. JAMA 2017;317(13):1321–8.

74. Gerlach AT, Blais DM, Jones GM, et al. Predictors of
dexmedetomidine-associated hypotension in critically ill
patients. Int J Crit Illn Inj Sci 2016;6(3):109–114.

75. Reade MC, Eastwood GM, Bellomo R, et al. Effect of
dexmedetomidine added to standard care on ventilator-free
time in patients with agitated delirium: a randomized clinical
trial [published correction appears in JAMA. 2016 Aug 16;316
(7):775]. JAMA 2016;315(14):1460–8.

76. Bouajram RH, Bhatt K, Croci R, et al. Incidence of
dexmedetomidine withdrawal in adult critically ill patients.
Crit Care Explorat 2019;1(8):e0035.

77. Tung A, Fergusson NA, Ng N, Hu V, Dormuth C, Griesdale
DEG. Medications to reduce emergence coughing after general
anaesthesia with tracheal intubation: a systematic review and
network meta-analysis. Br J Anaesth 2020;124:480–95.

78. Reich DL, Silvay G. Ketamine: an update on the first twenty-
five years of clinical experience. Can J Anaesth 1989;36
(2):186–97.

79. Domino EF, Chodoff P, Corssen G. Pharmacologic effects of
CI-581, a new dissociative anesthetic, in man. Clin Pharmacol
Ther 1965;6:279–91.

80. Shikanai H, Hiraide S, Kamiyama H, et al. Subanalgesic keta-
mine enhances morphine-induced antinociceptive activity

without cortical dysfunction in rats. J Anesth 2014;28(3):390–
8.

81. Kolena H, Gremmelt A, Rading S, et al. Ketamine for anal-
gosedative therapy in intensive care treatment of head-injured
patients. Acta Neurochir (Wien). 1996;138(10):1193–9.

82. Garber PM, Droege CA, Carter KE, et al. Continuous infusion
ketamine for adjunctive analgosedation in mechanically venti-
lated, critically ill patients. Pharmacotherapy 2019;39(3):288–
96.

83. Groth C, Droege CA, Connor K, et al. Effect of ketamine on
pain, sedation, and delirium in the intensive care unit [ab-
stract]. Crit Care Med. 2020;48(1):24.

84. Groetzinger LM, Rivosecchi RM, Bain W, et al. Ketamine
infusion for adjunct sedation in mechanically ventilated adults.
Pharmacotherapy 2018;38(2):181–8.

85. Shurtleff V, Radosevich JJ, Patanwala AE. Comparison of
ketamine- versus nonketamine-based sedation on delirium and
coma in the intensive care unit. J Intensive Care Med
2020;35:536–41.

86. Groth C, Connor K, Kaukeinen K, et al. Multicenter retro-
spective review of ketamine use in the intensive care unit [ab-
stract]. Crit Care Med 2020;48(1):459.

87. White PF, Way WL, Trevor AJ. Ketamine–its pharmacology
and therapeutic uses. Anesthesiology 1982;56(2):119–36.

88. Miller M, Kruit N, Heldreich C, et al. Hemodynamic response
after rapid sequence induction with ketamine in out-of-hospi-
tal patients at risk of shock as defined by the shock index.
Ann Emerg Med. 2016;68(2):181–188.e2.

89. Wilensky AJ, Friel PN, Levy RH, Comfort CP, Kaluzny SP.
Kinetics of phenobarbital in normal subjects and epileptic
patients. Eur J Clin Pharmacol 1982;23(1):87–92.

90. Døssing M, Pilsgaard H, Rasmussen B, Poulsen HE. Time
course of phenobarbital and cimetidine mediated changes in
hepatic drug metabolism. Eur J Clin Pharmacol 1983;25
(2):215–22.

91. Fahron G, Martens F, Frei U. Phenobarbital: a good choice
for long-term sedation. Crit Care 2001;5(Suppl 1):P202–S95
[abstract].

92. Fraser GL, Riker RR. Phenobarbital provides effective sedation
for a select cohort of adult ICU patients intolerant of standard
treatment: a brief report. Hosp Pharm 2006;41:17–23.

93. Kotfis K, Williams Roberson S, Wilson JE, Dabrowski W,
Pun BT, Ely EW. COVID-19: ICU delirium management dur-
ing SARS-CoV-2 pandemic. Crit Care 2020;24(1):176.

94. Beach SR, Celano CM, Noseworthy PA, Januzzi JL, Huffman
JC. QTc prolongation, torsades de pointes, and psychotropic
medications. Psychosomatics 2013;54(1):1–13.

95. Yeo QM, Wiley TL, Smith MN, Hammond DA. Oral agents
for the management of agitation and agitated delirium in criti-
cally ill patients. Crit Care Nurs Q 2017;40(4):344–62.

96. Hızlı Sayar G, Eryılmaz G, Semieo�glu S, Ozten E, G€o�gceg€oz
G€ul I. Influence of valproate on the required dose of propofol
for anesthesia during electroconvulsive therapy of bipolar
affective disorder patients. Neuropsychiatr Dis Treat
2014;10:433–8.

97. Zhang R, Wang X, Ni L, et al. COVID-19: melatonin as a
potential adjuvant treatment. Life Sci 2020;250:117583.

98. Zambrelli E, Canevini M, Gambini O, D’Agostino A. Delirium
and sleep disturbances in COVID–19: a possible role for mela-
tonin in hospitalized patients? Sleep Med 2020;70:111.

COVID-19 ANALGESIA & SEDATION STRATEGIES Adams et al 1191


