Review Article

Sedation for adult ICU patients: A narrative review including a
retrospective study of our own data

ABSTRACT

The optimization of patients’ treatment in the intensive care unit (ICU) needs a lot of information and literature analysis. Many
changes have been made in the last years to help evaluate sedated patients by scores to help take care of them. Patients
were completely sedated and had continuous intravenous analgesia and neuromuscular blockades. These three drug classes
were the main drugs used for intubated patients in the ICU. During these last 20 years, ICU management went from fully
sedated to awake, calm, and nonagitated patients, using less sedatives and choosing other drugs to decrease the risks of
delirium during or after the ICU stay. Thus, the usefulness of these three drug classes has been challenged. The analgesic
drugs used were primarily opioids but the use of other drugs instead is increasing to lessen or wean the use of opioids. In
severe acute respiratory distress syndrome patients, neuromuscular blocking agents have been used frequently to block
spontaneous respiration for 48 hours or more; however, this has recently been abolished. Optimizing a patient's comfort
during hemodynamic or respiratory extracorporeal support is essential to reduce toxicity and secondary complications.
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Background

Early deep sedation is associated with adverse outcomes and
constitutes an independent predictor of hospital mortality in
mechanically ventilated patients.!"! So, the new objective today
is to go from full to light sedation with daily short cessations
to reduce the risk of mortality induced by the drugs.

In 1846, a London dentist, James Robinson, demonstrated the
administration of the anesthetic gas ether for the first time in
England. This was also done a couple of months earlier by William
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Morton on the other side of the Atlantic Ocean in Boston. A few
years earlier, in 1843, John Snow had experimented with ether
for promoting anesthesia through respiration in his self-made
research laboratory.” Ether gave John Snow the opportunity to
bring his laboratory experience and clinical work to bear on a
potent chemical whose properties were still mysterious.

Chloroform was introduced in 1847 by an Edinburgh
obstetrician, James Young Simpson. John Snow studied
chloroform as much as he had studied ether. He soon realized
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that accuracy of delivery and patient monitoring were even
more important when administering chloroform than when
administering ether because chloroform was much more
potent.

Anesthesia at that time was still dangerous with many
risks and unpredictable effects. It took a lot of time to
make new safer forms of anesthesia with less overall risks.
In 1952, Copenhagen was struck by a severe epidemic of
poliomyelitis that included a large number of bulbar polio
cases resulting in respiratory paralysis.’! During the period
from August to December, about 3,000 patients with polio
were admitted, and of these, about 1,250 had some type of
paralysis. During the first 3 weeks of the epidemic, 27 of
31 patients with bulbar polio died, 19 of them within 3 days
of admission. Henry Lassen, the chief physician at the hospital
stated: “Although we thought we knew something about the
management of bulbar and respiratory poliomyelitis, it soon
became clear that only very little of what we did know at the
beginning of the epidemic was really worth knowing”.®! The
introduction of manual bag ventilation early in the epidemic
thanks to the anesthesiologist Bjgrn Ibsen helped the patients
with respiratory paralysis. Earlier in 1952, Ibsen had been
involved in the treatment of a child with tetanus who was
curarized and ventilated manually through a tracheostomy.?!
It is interesting to note that this early mechanical ventilation
in the early 1950s was made using very light sedation. It was
somewhat the precursor of modern sedation in ICU.

Drugs

In this review, drugs will be evaluated first by their
pharmacology and then through the studies published.
Sedative drugs will be evaluated first, then analgesic drugs,
and finally neuromuscular blocking agents [Table 1].

Sedation
Sedation drugs used in the ICU include three main drug
classes: benzodiazepines, propofol, and a-2 adrenoreceptor

agonists. Sevoflurane and isoflurane, as a volatile anesthetic
has also been used in the ICU. Drugs will be illustrated here
below but evaluation of sedation will be studied further in
our review.

Benzodiazepines

Lorazepam and midazolam are the two main benzodiazepines
used for sedation in the ICU. They are drugs that enhance
the effect of the neurotransmitter gamma-aminobutyric
acid (GABA) at the GABA, receptor, resulting in a sedative
with hypnotic, anxiolytic, anticonvulsant, and muscle relaxant
properties.

Lorazepam has been used in the ICU for sedation in
mechanical ventilation and to help patients with neurological
problems including alcohol withdrawal syndrome or epilepsy.
Early guidelines have proposed that lorazepam should usually
be used in continuous intravenous (IV) infusion from 1 to
10 mg/h as per sedation level testing using the Richmond
Agitation-Sedation Scale (RASS).1*!

Midazolam is now the most commonly used benzodiazepine
for moderate sedation, has a fast onset of 1-5 min and
1-2.5 h duration of action, unlike other longer acting
benzodiazepines.

Both these benzodiazepines display dose-dependent kinetics
and are eliminated by the kidneys and as such, dose reduction
is required in case of renal failure.

Nowadays, ICU physicians try to reduce the use of
benzodiazepines as this may prolong the induced coma.
Therefore, light sedation with propofol and dexmedetomidine
are preferred even with the need of light support of
noradrenaline. Sometimes, sevoflurane is used as a surrogate
as well with alfentanil or other opioids.

Remimazolam is a novel ultrashort-acting intravenous
benzodiazepine sedative-hypnotic that significantly reduces

Table 1: Drugs for analgesia, sedation, and neuromuscular blockade®®®

Class Agent Time to onset Loading dose Half-life Maintenance dose
Hypnotics Midazolam 2-5 min 0.01-0.05 mg/kg 3-11h 0.02-0.1 mg/kg/h
Propofol 1-2 min 5 mcg/kg in 5 min 3-12 h* 5-50 mcg/kg/min
Dexmedetomidine 5-10 min 1 mcg/kg in 10 min 1.8-3.1h 0.25-0.75 mcg/kg/h
Analgesic Morphine 5-10 min 2-4 mg 3-4h 2-30 mg/h
Sufentanil 5 min 0.5 meg/kg 1.33h 5-20 mcg/h
Tramadol 10-15 min 100 mg 6h 50-100 mg every 6 h
Acetaminophen 5-10 min 1000 mg 2-4h 1000 mg every 6 h
Ketamine 30-40 sec 1-4 mg/kg 25h 0.1-0.5 mg/min
NMBA Cisatracurium 2-3 min 0.15-0.20 mg/kg 22 min 1-2 mcg/kg/min
Rocuronium 1-2 min 0.6-1.0 mg/kg 60-70 min 9-12 mcg/kg/min

NMBA: neuromuscular blocking agents
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the times to sedation onset and recovery.” In a recent trial
that was conducted to confirm the recovery time from
anesthesia of remimazolam-flumazenil versus propofol
in patients undergoing endotracheal surgery under rigid
bronchoscopy, remimazolam-flumazenil allows for faster
recovery from anesthesia than propofol and is better
tolerated hemodynamically.”

Propofol

Propofol is a short-acting medication approved in the late 80s
that results in a decreased level of consciousness and a lack
of memory for events and is believed to work at least partly
via a receptor for GABA. Common side effects of propofol
include hemodynamic instability and heart rate modification
especially bradycardia. As it has a phospholipid vehicle, a
long-term high-dose use could induce hypertriglyceridemia.
Propofol has a rapid onset (1 min) and a short duration of
sedation. This can be interesting in neurological patients
when a clinical examination is necessary. Recovery is fast
but can be delayed after more than 12 hours of use.? The
maximal recommended dose is 4 mg/kg/h to impede a
propofol infusion syndrome.”!

Alpha-2 agonists

Clonidine and dexmedetomidine are the two main alpha-2
agonists used in the ICU (with dexmedetomidine being the
most used one).

Clonidine stimulates presynaptic alpha-2 adrenoreceptors
within the brainstem, decreasing norepinephrine release
while enhancing parasympathetic activity. The sedative,
analgesic, and anxiolytic effects of clonidine may be due
to its effects on the locus coeruleus.'” A systematic review
and meta-analysis investigated the efficacy and safety of
clonidine as a sedative in critically ill patients requiring
invasive mechanical ventilation, but data remain insufficient
to support the routine use of clonidine as a sedative in the
mechanically ventilated population.!!

Dexmedetomidine is an alpha-2 adrenoreceptor agonist
with a unique mechanism of action, providing sedation and
anxiolysis via receptors within the locus coeruleus, analgesia
via receptors in the spinal cord, and attenuation of the stress
response with no significant respiratory depression."?

Both drugs have side effects including a dose-dependent risk
of hypertension followed by hypotension and bradycardia.
It is cleared by hepatorenal pathways and should be
dose-adjusted in patients with hepatic or renal dysfunction.

Even if not common in the Unites States, a single agent for
moderate sedation could be alpha-2 adrenoreceptor agonists.

Inhaled sevoflurane

Inhaled anesthetics may be ideal sedatives for the ICU
because of their pulmonary elimination, limited amount of
metabolism, bronchodilation, and cardioprotective effects.
However, inhaled anesthetics are not widely used for sedation
in the ICU and most modern ICU ventilators do not readily
accommodate an anesthetic vaporizer. It is now possible
to use an anesthetic conserving device that uses a syringe
pump to deliver inhaled anesthetic in liquid form into the
breathing circuit of a standard ICU ventilator." It is the
so-called anaconda system. The target is to keep end-tidal
sevoflurane concentration between 1% and 1.5% minimum
alveolar concentration. Sevoflurane has also the advantage
to have no weaning issue in contrast with benzodiazepines
for instance. One drawback is the initiation of nephrogenic
diabetes insipidus.'

Comparing drug groups

Important questions were asked in the scientific literature
to figure out whether the use of propofol, benzodiazepines,
alpha-2 adrenoreceptor agonists, or even sevoflurane is
advantageous for ICU sedation compared with the other
sedatives.

The use of propofol in ICU sedation was compared to the
use of benzodiazepines in 12 trials. They showed that, with
propofol, patients had a shorter time to light sedation and
a shorter time for extubation than with a benzodiazepine.!"!
When looking at the data of large trials, we acknowledge that
the use of propofol sedation allowed for a more rapid tracheal
extubation than with midazolam, but this did not result in
an earlier ICU discharge."® These data allow us to notice
that using propofol for ICU sedation probably outweighs the
usefulness of benzodiazepine sedation.

Randomized control trials compared dexmedetomidine and
benzodiazepines for three main parameters: the duration
of mechanical ventilation, the length of the ICU stay, and
the prevalence of delirium. They globally included a little
less than 3,000 patients. When looking at the studies with
the lowest risk of biases, it appears that patients receiving
dexmedetomidine had shorter periods for extubation
and lower risks of delirium with patients receiving a
benzodiazepine infusion instead.!'”! Therefore, it seems
that using dexmedetomidine for ICU sedation probably
outweigh the advantages of benzodiazepine use, and thus,
a conditional recommendation favoriting dexmedetomidine
was issued.

Three other studies compared the use of dexmedetomidine
with the use of propofol in the ICU. They showed no
difference in extubation time. Even if there was no other
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primary end point in these studies, they did not show any
difference concerning the side effects like bradycardia or
hypotension between patients sedated with propofol and
the others with dexmedetomidine.!"s!

Finally, comparing inhaled sevoflurane to IV drugs were
covered by 15 trials. Volatile sedation administered through
an anaconda system shortened the awakening time but did
not show any difference in the lengths of the ICU and the
hospital stay.!"!

Analgesia
Drugs used for analgesia are mainly opioids, used with or
without other classes of analgesics.

Opioids

Opioids are the first category of drugs used to treat pain in
ICU patients. This class of drugs is mainly used for mechanical
ventilation, postoperative or post-traumatic pain, and
technics (placement of catheters,...). We know however
that these drugs can sustain disturbances of consciousness,
prolong mechanical ventilation, and ICU stay.?®! High doses
and long-term use can induce opioid-induced hyperalgesia.
Long-term opioid use can also induce tolerance, physical
dependence, and opioid withdrawal syndrome. Thus, it is
obvious that optimal dosing is primordial to protect patients
from all these possible side effects of opioids.?'! Support from
pharmaceutical drugs and nonpharmaceutical management
can be useful in these circumstances. Optimalisation of ICU
pain management including opioid use has been summarized
by the Society of Critical Care Medicine in 2018.1"%

Major opioid drugs include morphine, hydromorphone,
meperidine, fentanyl, sufentanil, remifentanil, and
methadone. In Europe, the type of opioid drugs used changes
from country to another, and the opioids most used are
morphine, fentanyl, and sufentanil (Morphine was preferred
over fentanyl and sufentanil in Norway, UK, Ireland, Sweden,
Switzerland, the Netherlands, Spain, and Portugal. Fentanyl
was preferred in France, Germany, and Italy. Sufentanil was
preferred in Belgium, Luxemburg, and Austria).??

Morphine is the oldest opioid drug used in medicine (the
first time being more than 200 years ago). Its dose depends
on several main points including the patient’s tolerance
and the metabolism and the excretion of the drug and its
metabolites.””! Its onset starts after 5 to 10 minutes and its
half-life lays between 3 and 4 hours. It is used mainly on a
continuous IV route but we can also titrate the IV or oral
dose.? In postoperative and polytraumatized ICU patients,
intrathecal morphine just prior to surgery has also been
used.®!

Hydromorphone has a low oral bioavailability, so the IV route
remains the best for efficiency. Its onset and half-life are
similar to morphine but its metabolites are inactive on pain. It
has mainly been used for postoperative pain management in
patients with renal impairment or a renal transplant because
of the effects of the metabolites.”"!

Meperidine has a faster onset and a lower duration of action
than morphine because it is more lipophilic. However, it
is seldomly used in ICU mainly because of its decreased
analgesic potency.!

Fentanyl, remifentanil, and sufentanil are the three
liposoluble opioids. Fentanyl is 50 to 100 times more potent
than morphine and has a rapid onset with a half-life of 2-3
hours.?”! Remifentanil, a fentanyl derivative has a much
shorter half-life (2-3 minutes) due to the metabolization by
unspecific esterases instead of being biotransformed by the
liver. Sufentanil, on the other hand, is 5 to 10 times more
potent than fentanyl but has roughly the same onset of action
and duration time. The three drugs have been used in the ICU.
Twenty years ago, the three drugs were compared in fast-track
cardiac anesthesia. There were no significant statistical
differences in postoperative ICU ventilation time, ICU stay,
and hospital stay between the three drugs.”*”! However,
another study on patients under mechanical ventilation
showed that remifentanil was associated with significantly
less time spent on mechanical ventilation and in the ICU
compared to sufentanil.”® The difference was significant for
patients ventilated no longer than four days but insignificant
for patients ventilated more than four days.?® When
comparing the patients’ comfort using either remifentanil
or fentanyl in the ICU, no significant difference was seen.!

Alfentanil, being used mainly in short-term analgesia and
in sedation with propofol, has not been used to maintain
patients under sedation.?"

Piritramide is a u-agonist with similar properties to morphine.
It is mainly used for postoperative pain relief. It has been
used for patient-controlled intravenous analgesia and for
continuous infusion in mechanically ventilated patients.
The context-sensitive half-time of piritramide is lower than
predicted from bolus kinetics, making the drug a suitable
candidate for ICU analgesia.l"

Methadone is the last opioid on our list to be used in the
ICU. It has a very long duration of action with a half-life of
22 hours. Its onset of action starts after around 30 minutes
with a peak effect after 2.5 hours. It can be used either to
decrease the doses of the opioids used or in patients with a
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resistance to other opioid drugs. One must be cautious about
the QT interval increase, sometimes leading to Torsade de
Pointes”? and inducing auriculo-ventricular blocks."!

Other drugs

Acetaminophen, nefopam, ketamine, lidocaine, and
nonsteroidal anti-inflammatory drugs (NSAIDs) have been
used as adjuvant drugs to opioids. It also seems possible to
use them without or with a reduced dose of opioids.

Acetaminophen is one of the most used drugs in pain
management. It has been used in addition to opioid drugs;
however, no data exist on the use of acetaminophen alone
for pain management in the ICU. An interesting study has
recently shown new data on its metabolism. Acetaminophen
was mainly seen as an inhibitor of cyclooxygenase enzymes,
but with the new data on the subject, the new analgesic
mechanism includes its metabolization to N-acylphenolamine,
which then acts on the transient receptor potential vanilloid
1 and cannabinoid 1 receptors in the brain. We should be
careful in its use in patients with liver failure.

Nefopam is a nonopioid analgesic that exerts its effect by
inhibiting dopamine, noradrenaline, and serotonin recapture
in both the spinal and supra-spinal spaces. A 20-mg dose
has an analgesic effect comparable to 6 mg of morphine
administered intravenously.!

Ketamine is an N-methyl-D-aspartate antagonist with
emerging evidence assessing its use as a continuous infusion
agent to provide concomitant analgesia and sedation. The
role of ketamine as adjunctive therapy in mechanically
ventilated patients is unclear. It has been used to reduce the
dose of opioid drugs and their possible hyperalgesia side
effect. Low doses were usually used with a loading dose of
0.5 mg/kg followed by a continuous IV dose of 1-2 pug/kg/h.
No difference in side effects was seen when used with opioids
versus with opioid use alone.® Lately, ketamine has shown
potential benefit in several disease states including pain,
alcohol withdrawal syndrome, status epilepticus, and acute
agitation.”” One must be careful with its use in patients
with hypertension and/or coronary artery disease because
of hypertensive side effects.

Lidocaine is a sodium channel blocker classified as a type Ib
antiarrhythmic and is an amide local anesthetic. It has also
been used to treat both acute and chronic pain conditions
including postoperative pain hyperalgesia, presumably by
affecting mechano-insensitive nociceptors.”® Lidocaine
as an adjunctive agent in the treatment of acute pain
may help ICU patients who are refractory to opioids or
those in whom opioid-induced respiratory depression is a

concern.”! It has also recently been used in the ICU after
cardiac surgery with good results.*?! One must be aware
of the possible hemodynamic alterations associated with
lidocaine.

The last category of nonopioid drugs used in analgesia
are NSAIDs. The main research in the ICU was its use in
postoperative pain especially after cardiac surgery. Although
a nonsignificative reduction in pain was demonstrated, one
should remain cautious as adverse effects include acute renal
injury and excessive bleeding."*!#

Regional anesthesia can, with single or continuous dosing,
using neuraxial and peripheral catheters, play an important
role in multimodal analgesia for pain management in the ICU.
It provides superior pain control when compared to systemic
treatments and it is associated with a lower risk of side
effects. They are seldom used systematically for postoperative
and trauma patients in the ICU, although injured patients
could benefit from these techniques.™*!

Finally, we should be prudent and know the exact dosing and
the risks of adverse effects when giving medications for 1V,
per os or intrathecal use.!"

Nonpharmacologic pain therapy

Hypnosis, cybertherapy, music, relaxation technics, massage,
and cold therapies have been proposed to decrease opioid
drugs in pain management in ICU patients. Even if there are
many studies looking at these therapies for ICU patients,
effects of nonpharmacologic interventions in patients unable
to self-report remain unknown.

Music therapy sessions were found to be effective for
decreasing anxiety and promoting relaxation, as indicated by
decreases in the bispectral index, heart rate, blood pressure,
and respiratory rate over the intervention period in intubated
patients during the weaning phase.*

Neuromuscular blockers

The first description of neuromuscular blocking
agents (NMBA) use was shown in 1932 when it was given
to control muscular spasms in tetanus.*! Blockade drugs
have been used in the ICU mainly for intubation but has
been maintained for mechanical ventilation (in up to 90% of
the patients!*) as shown in a review 30 years ago.*”! They
have also been used to stop shivering during therapeutic
hypothermia following cardiac arrest, in elevated intracranial
pressure and in status asthmaticus. Consequently, it seems
essential to look at evidence-based data regarding the most
appropriate use of neuromuscular blocking drugs in the
ICU. More than 20 years later, the use of blockades was
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shown to improve adjusted survival in acute respiratory
distress syndromes (ARDS) at 90 days (Hazard ratio 0.68,
confidence interva1950.48-0.98, P <.04) in a 340-patient
multicenter double-blind trail.*!! This was put to question
10 years later when, in the same pathology (moderate to
severe ARDS), a multicenter trial enrolling 1,006 patients
showed no significant difference in the 90-day mortality
rate between the group receiving 48 hours of continuous
IV administration of cisatracurium and the others receiving
a placebo.!

Depolarizing agents

Depolarizing agents such as succinylcholine, which compete
with acetylcholine, are mainly used for intubation because
of its very short delay of action (30 seconds) and short
half-life (5-10 minutes). However, succinylcholine can
trigger malignant hyperthermia and it also increases plasma
potassium levels; therefore, we must be cautious in its use
especially with patients suffering from sepsis, burns, acute
or chronic renal failure, prolonged immobility, stroke, or
spinal cord injury.®

Amino-steroidal agents
Amino-steroidal agents include rocuronium, vecuronium,
and pancuronium.

Rocuronium, an intermediate acting drug is very interesting
as it can mimic, at high doses (4 x ED,,), succinylcholine
action in rapid muscle paralysis for tracheal intubation. It
is not associated with histamine release nor hemodynamic
instability.

Vecuronium, an intermediate acting drug, and pancuronium, a
long-acting drug, were not proposed as a NMBA in the ICU. This
is due to vecuroniums and pancuroniums active metabolites
inducing prolonged duration of action, ICU-acquired weakness,
renal and hepatic failure, and tachycardia.

Benzylisoquinolinium drugs
Benzylisoquinolinium drugs include actracurium,
cisatracurium, and mivacurium.

Mivacurium is a short-acting drug but without the potential
to quickly induce a neuromuscular blockade. Like other drugs
from the same family, it is degraded by the patient’s body
pH and temperature through the Hofmann elimination. This
produces laudanosine which can induce seizures.

Cisatracurium (used during mechanical ventilation)
and atracurium are intermediate-acting drugs. A recent
observational study compared cisatracurium to vecuronium
in ARDS patients under mechanical ventilation and showed

that cisatracurium was associated with an increase in
ventilator-free days and a decrease in the ICU stay but without
any difference in the mortality rate "

Drug interactions with NVMIBAs

Drug interaction has two main risks in the use of NMBA:
resistance and prolonged action. The main drugs associated
with resistance to neuromuscular blocking drugs include
antiepileptic drugs (such as phenytoin and carbamazepine),
ranitidine, theophylline, and calcium. Much more drugs are
associated with the prolonged action of NMBA. In the ICU,
these include cardiovascular drugs (such as furosemide,
b-blockers, calcium blockers, quinidine, and procainamide),
antibiotics (including aminoglycosides, tetracycline,
clindamycin, and vancomycin), immunosuppressive
drugs (such as corticosteroids and cyclosporine), potassium,
magnesium, and lithium.

Drug monitoring

Monitoring the use of NMBA in the ICU by determining
the level of neuromuscular blockade is essential to limit
prolonged muscular paralysis. The monitoring is so important
because repeated clinical qualitative and quantitative values
of the depth of neuromuscular blockade may result in a
decrease of the administrated dose of NMBA, and thus,
decreasing the complications of these agents. This is shown
in a limited number of studies which have demonstrated the
clinical benefice of NMBA monitoring in the ICU."

Drug reversal

Reversal agents are mainly used in operating theaters to
restore baseline function and reduce the risk of postoperative
residual paralysis. In the ICU, the use of reversal agents
is limited. The two main classes are acetylcholinesterase
inhibitors and sugammadex.

The main acetylcholinesterase inhibitor is neostigmine. It is
mainly used in the train-of-four levels more than 3. It is used in
association with glycopyrrolate to avoid bronchoconstriction
and bradycardia induced by the acetylcholine increase.!

Sugammadex can antagonize rocuronium (seemingly being
the most important amino-steroidal agent used in the ICU)
and vecuronium. Sugammadex could be useful when the
necessity of rapidly stopping the muscular blockade is needed
for clinical evaluation as it has the ability of reversing deep
neuromuscular blockades swiftly. Although it is rarely used
in the ICU, as a rescue therapy for residual blockades and
promoting enhanced recovery protocols in the ICU.P*

Finally, NMBAs can prove to be lifesaving in patients with
acute problems in the ICU. The best use is probably limited
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in time during the ICU stay. Seeing their risks and their drug
interactions, clinicians should understand the pharmacology,
the monitoring, and the reversal for reducing the risks in
multimodal sedation in complicated patients.

Evaluation of Sedation

Evaluation of sedation in ICU patients is very important
nowadays (this was not really the case 20 years ago).
A careful and thorough evaluation of the appropriate
titration of sedative drugs is mandatory. The patient’s
comfort should be the primary goal in the ICU but achieving
an appropriate sedation is challenging. Sedation scores
seem to be one of the most interesting ways to realize
this challenge. The most valid sedation scores are the
Sedation-Agitation Scale (SAS) from the Ricker study and the
RASS (Table 2 shows the two different scales).”> The RASS
has been evaluated in the ICU and also compared with the
SAS but without any significant differences for patients.> It
has been used to evaluate multiple sedatives. The last study
compared dexmedetomidine and propofol in mechanically
ventilated patients with sepsis who were being treated with
recommended light-sedation approaches. The outcomes in
the group receiving dexmedetomidine did not differ with the
outcomes of the propofol group.?”

Bi-Spectral Index (BIS) analysis, based on the processing
of electroencephalographic signals, may overcome the
restraints of the sedation scales and provide a more reliable

Table 2: Evaluation of sedation in ICU

and consistent guidance for the titration for an appropriate
sedation depth.’ Unfortunately, there is not sufficient
evidence to systematically use the BIS monitoring for
sedation in critically ill and mechanically ventilated adults.

Pain

The vast majority of ICU patients suffer from pain due to the
underlying source of illness and the necessary procedures
performed for the monitoring and care.”!

It is often underestimated in the critically ill, especially among
those who cannot self-report, so accurate assessment and
management continue to be essential in their care. It is thus
necessary to check if the patient is in pain through validated
methods of pain assessment whether the patient is conscious
or not. In conscious critically ill patients, self-reporting
scales such as the Numeric Rating Scale is probably the best
available way to estimate pain. This has been shown in 3
major studies.®™®? In unconscious patients on the other hand,
two main scales have been reported, the Critical Care Pain
Observation Tool (CPOT) and the Behavioral Pain scale (BPS).
These two scales have demonstrated the greatest reliability
and validity for monitoring pain (their clinical assessments
are shown in Table 3A and 3B).[6364

Drugs for pain management in the ICU have been described
earlier in this review. Optimizing pain treatment is
essential as pain pathways are closely interconnected

RASS term RASS Description SAS term SAS Decription
+7 Dangerous Pulling at ET tube, trying to remove catheters,
agitation climbing over bedrail, striking at staff, thrashing
side-to-side
+6 Very agitated  Requiring restraint and frequent verbal
reminding of limits, biting ETT
+5 Agitated Anxious or physically agitated, calms to verbal
instructions
+4  Combative Overtly combative or violent; immediate danger to staff Calm and Calm, easily arousable, follows commands
cooperative
+3  Very agitated Pulls on or removes tube(s) or catheter(s) or has aggressive Sedated Difficult to arouse but awakens to verbal stimuli
behavior toward staff or gentle shaking, follows simple commands but
drifts off again
+2 Agitated Frequent non-purposeful movement or patient—ventilator Very sedated  Arouses to physical stimuli but does not
desynchrony communicate or follow commands, may move
spontaneously
+1  Restless Anxious or apprehensive but movements not aggressive or Unarousable ~ Minimal or no response to noxious stimuli, does

vigorous
+0 Alert and calm Spontaneously pays attention to caregiver

-1 Drowsy
awakening, with eye contact, to voice

-2 Light sedation

-3 Moderate sedation
-4 Deep sedation

-5 Unarousable

Any movement (but no eye contact) to voice

No response to voice or physical stimulation

not communicate or follow commands

Not fully alert, but has sustained (more than 10 seconds)

Briefly (less than 10 seconds) awakens with eye contact to voice

No response to voice, but any movement to physical stimulation
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Table 3A: Behavioral Pain Scale (BPS)

Main Item Clinical feature Score
Facial expression Relaxed 1
Partially tightened 2
Fully tightened 3
Grimacing 4
Upper limb movement No movement 1
Partially bent 2
Fully bent with finger flexion 3
Permanently retracted 4
Mechanical ventilation Tolerating movement 1
compliance Coughing but tolerating 2
Fighting the ventilator 3
Unable to control 4
PBS ranges from 3 (no pain) to 10 (maximum pain)’®
Table 3B: Critical Care Pain Observation Tool (CPOT)
Main Item Clinical feature Score
Facial expression Relaxed 0
Tense 1
Grimacing 2
Body movement No movement 0
Protection 1
Restlessness 2
Muscle tension Relaxed 0
Tense 1
Very tense or Rigid 2
Mechanical ventilation Tolerating 0
compliance Coughing but tolerating 1
Fighting the ventilator 2
Vocalization Talking or no sound 0
(extubated patients) Signing or moaning 1
Crying out or sobbing 2

CPOT ranges from 0 (no pain) to 10 (maximum pain)?

to the systematic nervous system. This means that
pain can have physiological signs such as tachycardia,
hypertension, and diaphoresis. Uncontrolled pain can lead to
persistent adrenergic activation. This can worsen an already
precarious metabolic energy expenditure. Furthermore, the
postintensive care syndrome frequently (33% to 77%) includes
chronic or post-ICU pain. Consequently, it is very important
to optimize treatment pain management in the ICU, but
one must be careful as both pain and analgesic drugs can
perpetuate the eventual presence of delirium.l

Delirium

Delirium is common in ICU patients. Even if delirium is
a clinical diagnosis, the best way to diagnose it is to use
screening tools such as the Confusion Assessment Method
for the ICU (CAM-ICU).” We know that delirium is associated
with a worsened patient outcome and increased ICU and
hospital cost; it is therefore important to diagnose it quickly.

Risk factors exist such as the use of benzodiazepines, blood
transfusions, age, prior coma, dementia, and increased
APACHE and ASA scores. Confusion assessment method
for the ICU (CAM-ICU), with its 9 evaluated items, has shown
to have a high sensibility and specificity.®” Testing patients
regularly will help with the diagnosis. The outcomes are
different depending on the delirium evolution. A positive
delirium screening in ICU patients is associated with longer
hospital stays and cognitive impairment at 3 and 12 months
after discharge.® When delirium is rapidly reversible,
long-term outcomes are the same as the outcome of patients
without delirium.” Pharmacological prevention of delirium
does not seem to help patients. Treating ICU patient suffering
from delirium with dexmedetomidine has been studied
especially in mechanically ventilated patients and it can help
those patients by decreasing the time of extubation but not
the length of the ICU or hospital stay.”"

Finally, delirium is the most common manifestation of acute
brain dysfunction in critically ill patients. It is associated
with both poor short-term outcomes and adverse long-term
sequelae related to the ICU stay.”? However, seeing the
multifactorial etiology, a multicomponent therapy will
probably be the most adapted to reduce the risk of delirium in
the ICU, but more research is needed. This is another reason
to avoid benzodiazepines for sedation in the ICU.

Long-Term Evolution

After their ICU stay, patients frequently have prolonged
and poorly understood forms of cognitive dysfunction
characterized by new deficits in executive function or global
cognition.” We know that the rate of long-term cognitive
dysfunction after the ICU stay is increasing, probably due
to the larger number of acutely ill patients treated in
ICUs. It is even more severe with older patients, in whom
cognitive dysfunction is associated with an increase in
institutionalization and secondary hospitalization.” In
conclusion, cognitive impairment after critical illness is very
common and, in some patients, it persists for at least a year.
Post-ICU patients with a longer duration of delirium are more
likely to have cognitive deficits than those with a shorter
duration of delirium."!

Evolution in our Hospital

Since the year 2000, the beginning of my ICU work, sedation
of patients has changed a lot in the ICU. In the beginning,
patients were sedated with a benzodiazepine and a morphine
derivate (sufentanil) in association with a neuromuscular
blocking agent. Stopping sedation needed some time
before the patient was sufficiently awake to be able to be
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extubated. The duration between the sedation cessation
and extubation could be long, especially in patients with
hepatic or renal failure. Since 2010, with the whole medical
team and in collaboration with nurses and pharmacists, we
started proposing a systematic handling of ICU patients for
sedation. This permitted us to propose a sedation protocol
in our three ICUs using mainly morphine as an analgesic and
midazolam as a sedative (the proposed protocol is shown in
Figure 1a). NMBA was proposed to be used only in ARDS and
in postcardiac arrests but not in every mechanically ventilated
patients.”! A simplified sedation evaluation score was used:
the Brussels Sedation score.’® Five years later, there was
a revision in the sedatives used in our ICUs. We changed
our anesthesia drugs only keeping midazolam for patients
with epilepsy or patients with recreational drug or ethanol
intoxication.”” For all the other patients, sedation was
attained with propofol or dexmedetomidine.”7® Analgesia
was maintained especially with morphine and sufentanil,
otherwise (WHO Level 1 and 2) analgesia was proposed with
acetaminophen, ketamine, lidocaine, and NSAIDs (the new
protocol in 2015 is shown in Figure 1b). This proposition was
followed by an evaluation of drug consumption as from 2014,
to see if our changes in ICU sedation could have an impact
on the quantities of drugs used annually in the following
years after protocol change (as shown in Figure 2a [sedation]
and b [analgesia]). The new protocol caused a decrease in
the sedative drugs used before with an important decrease
in midazolam use over the years to be able to focus on
propofol and dexmedetomidine. The purpose was to be
able to evaluate and decrease sedation rapidly. The use of
opioids and especially morphine was reduced considerably
and, furthermore, it was used in direct IV dosing if needed
instead of continuous IV dosing. Finally, family visits seem to
help patients in their evolution. In the future, an organization
structured on the needs of the patient and their family is
mandatory in designing a new ICU. The main aims in the
design of a new department should be patient-centered
care, safety, functionality, innovation, and a future-proof of
concept.”

Discussion

Taking care of severely ill ICU patients pushes us to use
sedative drugs with analgesics and sometimes neuromuscular
blocking agents. The actual question in the literature is
whether deep sedation, light sedation, or no sedation should
be used for these critically ill patients. The way it is induced
is also a very important question. Must we systematically
add opioids or can other analgesic drugs be used instead
or together with opioids? Are NMBAs useful in the ICU and,
if yes, for which patients? All these questions need to be
answered for an ideal patient care in the ICU.

The first question, we ask ourselves, is: what the best
sedation level for patients in the ICU is. We know that the aim
of sedation is to minimize oxygen consumption and facilitate
a patient’s ability to remain comfortably connected to a
ventilator, although the exact dose to do this is unknown. As
said before, it has been recognized that deep and prolonged
sedation can increase the duration of mechanical ventilation,
the delay in the weaning, the risk of neuromuscular function
impairment, and it can produce delirium, have side effects
specific to certain sedative drugs, and increase the mortality
rate.® Daily interruption of sedation was the first change
in patient care as compared to full sedation used 20 years
ago. This interruption was associated with a decrease in the
duration of mechanical ventilation.®"

When going further in the research of the best way to handle
severe ICU patients, proposing light sedation could be a
logical concept. Even if the exact levels of RASS for light
sedation are not really known, a RASS between -2 and +1
seems logical in the studies that have approached the concept
of light sedation. Measures of the levels of sedatives in the
plasma or subjective clinical assessments of the patient’s
wakefulness should not be considered a part of the definition
of levels of sedation." Studies comparing light versus deep
sedation, whatever the drugs used, looked at outcomes
such as 90-day mortality, time to extubation, delirium,
tracheostomy, cognitive and physical functional decline,
depression, and post-traumatic stress disorder. They show
that light sedation was associated with a shorter time for
extubation and a reduced tracheostomy rate but no decrease
in the 90-day mortality rate nor a reduction in the incidence
of delirium or self-extubation.’®?%5 No study evaluated the
impact of light versus deep sedation on cognitive or physical
functioning.

One step beyond is to compare light versus no sedation in
severe ICU patients even if omitting sedation for mechanical
ventilation is complicated due to the reluctance of caregivers
to nurse patients who are agitated or in pain.® In a recent
trial comparing mechanically ventilated ICU patients with
light sedation versus no sedation at all in a multicenter
trial, there was no significant difference in the mortality
rate at 90 days between those assigned to a plan of no
sedation and those lightly sedated patients with daily
interruptions.®l This led to questioning. First, the PaO /FiO,
ratio was low and could lead to forego sedation. Second,
nearly 15% of the patients declined to participate in the trial.
Furthermore, they observed that the nonsedation group had
1 more day free from coma or delirium than the sedation
group, but because of the lack of adjustment for multiple
comparisons, no inferences could be made from this result.
Although more events of accidental extubations occurred in
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P Tacontaas
Every 2H, mainly in mechanical ventilation

Sedation protocol & analgesia in ) anica
NOT if NMBA; BSS objective =3 to 4

ICU patients (mainly under MV)

Stop every day in the morning
Restart each day from the beginning

PBS>47? -Minor analgesic if PBS <4 | SCORE > objectif ? -Revalue after 2h
) NO R ion after 2h ) —I_. -If 2 times < objective :
Pain gesture? er e o be 2
- If PBS =3 for 2 following times : YES NO Df"‘_ ug oy
Divide by 2 Morphine/sufentanil Divide Midazolam by 2
YES Si<3mgh or 2,5mcgh: stop If <3 mgh : stop

-Morphine 3 mg IVD or
-Sufentanil 5mcg IVD

- Midazolam 3 mg direct IV
-Revalue :
- after 3" if score = 1

-Reevaluate after 10

If SV:alam verification +- CV
Surveillance BP/15’ if bolus
If problem: call the Doctor

- after 157 if score >1

If 3 bolus in 2 hours : +2mgh or Smcgh
Max 10 mg/h morphine —
or 20 mcgh de sufentanil

otherwise call the Doctor

If 3 bolus in 2 hours : +2 mgh
Max 10 mg /h otherwise call the Doctor

Pain Behavioralscale Brussels sedation score
Face expression Arm Tonus Ventilator Adaptation - No response 1
1 Relaxed None Adapted - Reponses to pain stimulations 2
2 Forehead wrinkling  Partial flexion Punctual struggle - Reponses to auditive stimulations 3
3 Eyes closed Complete flexion Struggle against ventilator - Awake and calm 4
4 Grimace Retraction Difficult to ventilate - Patient agjtated 5
&

Sedation protocol & analgesia in
ICU patients (mainly under MV)

Every 2H, mainly in mechanical ventilation
NOT if NMBA; BSS objective =3 to 4

Stop every day in the morning
Restart each day from the beginning

PAIN SEDATION
PBS >47? NO - Minor analgesic if PBS <4 | SCORE > objective ? I -Revalue after 2h
Pain gesture ? - Reevalu after 2h -If 2 times < objective :
- If PBS =3 for 2 following times : Divide drug by 2
Divide Morphine by 2 YES NO | - If <3 mgh propofol or
Yes If <3mgh :stop 0,25ug’kg’'h dexmedetomidine :
then stop
If SV:alarm verification +- CV * Propofol 10-50mg IVD

Morphine 3 mg IVD
Reevaluation after 10°

If problem: Doctor

Surveillance BP/15’ if bolus

* Revalue :
- after 3" if score =1

If 3 Boluses in 2 h: start CIV +2 mg/h and stop at 12h or
maximum next morning
Max 4-6 mg'h, otherwise => Doctor

Pain Behavioral scale
Face expression Arm Tonus Ventilator Adaptation
1 Relaxed None Adapted
2 Forehead wrinkling  Partial flexion Punctual struggle
3 Eyes closed Complete flexion Struggle against ventilator
4 Grimace Retraction Difficult to ventilate

- after 15 if score >1
-Start CVI 250 mgh & 1 or | by 20 mgh

* Dexmédétomidine
* Start at 0,25 pgkg/h
¢ Max at 125 pgkgh

If 3 bolus needed at 2 hours : Doctor

Brussels sedation score

- No response 1
- Reponses to pain stimulations 2
- Reponses to auditive stimulations 3
- Awake and calm 4
- Patient agitated 5

Figure 1: (a and b) Proposed sedation protocol in ICU patients in 2010 and 2015. (a) 2010 (b) 2015

the nonsedation group in the trial, few led to reintubations
within 1 hour. Besides, more than a quarter of the patients in
the nonsedation group received sedation during the first 24
hours after randomization. In addition to that, when looking
at the Kaplan—Meier estimates of survival at 90 days, we
see that survival curves change at day 15 and that patients
without sedation decrease their survival after ICU discharge.
Finally, the trial may have been underpowered because it
depended on the outcomes from the preliminary trial to
calculate the power to detect a difference in the mortality
rate. In conclusion, we should reinforce the need to monitor

sedation clinically aiming the discontinuation as soon as
possible or at least interrupting it daily.®” Furthermore, the
possible occurrence of post-traumatic stress disorder should
be taken into account before totally stopping sedation in ICU
patients under mechanical ventilation.®”!

Conclusion
Sedation in ICU patients has evolved a lot in the last 20 years.

Decreasing the use of benzodiazepines and replacing them
by propofol and/or dexmedetomidine has been proposed
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ICU sedatives from 2014 to 2019

2014 2015 2016 2017 2018 2019

E o= == Dexmedetomydine  sssese Propofol e Midazolam m

ICU morphine derivates from 2014 to 2019

2014 2015 2016 2017 2018 2019

o= o= Sufentanil  emm—Morphine

Figure 2: (a and b) Change in drug use in the last 5 years in our ICU. (a)Sedation (b) Opioids use for analgesia

to try to decrease post-ICU delirium. It permits us to daily
evaluate patients to be able to wean them from mechanical
ventilation. Analgesia is used with opioids when necessary
but continuous IV drugs are less used to adequate the drugs
with the pain and wean continuous IV analgesia. Other
analgesics rather than opioids are preferred whenever
possible. Neuromuscular blocking agents are only used in
postcardiac arrest and less used in ARDS seeing the new
literature on the subject. Finally, optimizing family visits
permits a social impact on patients and family and a possible
decrease in the needed drugs and in the ICU stay.

Abbreviations

IV: Intra-Venous

ICU: Intensive Care Unit

GABA: Gamma-Amino-Butyric Acid

RASS: Richmond Agitation-Sedation Scale

ACD: Anaconda system

MAC: Minimum Alveolar Concentration

ARDS: Acute Respiratory Distress Syndrome
NSAIDs: Non-Steroidal Anti-Inflammatory Drugs
NMBA: Neuro-Muscular Blocking Agents

SAS: Sedation-Agitation Scale

CPOT: Critical care Pain Observation Tool

BIS: Bispectral index

BPS: Behavioral Pain Scale

CAM-ICU: Confusion Assessment Method for the ICU
PTSD: Post-Traumatic Stress Disorder

Acknowledgement

Our thoughts are also with Professor David de Bels (first
author) who passed away at the age of 56 years (in April
2022) before the submission of this manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Highlights

Sedation in the intensive care unit (ICU) has changed a lot
during the last 20 years. Patients, who were fully sedated and
under mechanical ventilation and neuromuscular blockades,
are nowadays awake under very low sedation. Evaluating the
side effects of the different drugs used in the ICU, including
sedation pain and delirium, and searching for alternative
ways to take care of the patients will help us minimize the
negative implications of a long ICU stay, use the best possible
medication at the lowest effective dose, and better the quality
of life of these people after hospitalization.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1. Tanaka LM, Azevedo LC, Park M, Schettino G, Nassar AP, Rea-Neto A,
et al. Early sedation and clinical outcomes of mechanically ventilated
patients: A prospective multicenter cohort study. Crit Care 2014;18:R156.

2. Ramsay MA. John Snow, MD: Anaesthetist to the Queen of England
and pioneer epidemiologist. Proc (Bayl Univ Med Cent) 2006;19:24-8.

3. West JB. The physiological challenges of the 1952 Copenhagen
poliomyelitis epidemic and a renaissance in clinical respiratory
physiology. J Appl Physiol (1985) 2005;99:424-32.

4. Jacobi J, Fraser GL, Coursin DB, Riker RR, Fontaine D, Wittbrodt ET,
et al. Clinical practice guidelines for the sustained use of sedatives and
analgesics in the critically ill adult. Crit Care Med 2002;30:119-41.

5. Ely EW, Truman B, Shintani A, Thomason JW, Wheeler AP, Gordon S,
et al. Monitoring sedation status over time in ICU patients: Reliability
and validity of the Richmond Agitation-Sedation Scale (RASS). JAMA
2003;289:2983-91.

6.  Griffin CE 3", Kaye AM, Bueno FR, Kaye AD. Benzodiazepine
pharmacology and central nervous system-mediated effects. Ochsner J
2013;13:214-23.

7. PanY, Chen M, Gu F, Chen J, Zhang W, Huang Z, et al. Comparison
of remimazolam-flumazenil versus propofol for rigid bronchoscopy:
A prospective randomized controlled trial. J Clin Med 2022;12:257.

8. Bailie GR, Cockshott ID, Douglas EJ, Bowles BJ. Pharmacokinetics of
propofol during and after long-term continuous infusion for maintenance
of sedation in ICU patients. Br J Anaesth 1992;68:486-91.

Saudi Journal of Anesthesia / Volume 17 / Issue 2 / April-June 2023 233



10.

11.

12.

13.

14.

15.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

234

De Bels, et al.: Sedation in the ICU

Secor T, Safadi AO, Gunderson S. Propofol Toxicity. StatPearls. Treasure
Island (FL); 2021

Jamadarkhana S, Gopal S. Clonidine in adults as a sedative agent in the
intensive care unit. J Anaesthesiol Clin Pharmacol 2010;26:439-45.
Wang JG, Belley-Cote E, Burry L, Duffett M, Karachi T, Perri D, et al.
Clonidine for sedation in the critically ill: A systematic review and
meta-analysis. Crit Care 2017;21:75.

Gerlach AT, Dasta JF. Dexmedetomidine: An updated review. Ann
Pharmacother 2007;41:245-52.

Belda JF, Soro M, Badenes R, Meiser A, Garcia ML, Aguilar G,
et al. The predictive performance of a pharmacokinetic model for
manually adjusted infusion of liquid sevofluorane for use with the
Anesthetic-Conserving Device (AnaConDa): A clinical study. Anesth
Analg 2008;106:1207-14.

L’Heude M, Poignant S, Elaroussi D, Espitalier F, Ferrandiere M,
Laffon M. Nephrogenic diabetes insipidus associated with prolonged
sedation with sevoflurane in the intensive care unit. Br J Anaesth
2019;122:¢73-5.

Devlin JW, Skrobik Y, Gelinas C, Needham DM, Slooter AJC,
Pandharipande PP, et al. 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:¢825-73.

Hall RI, Sandham D, Cardinal P, Tweeddale M, Moher D, Wang X,
et al. Propofol vs midazolam for ICU sedation: A Canadian multicenter
randomized trial. Chest 2001;119:1151-9.

Riker RR, Shehabi Y, Bokesch PM, Ceraso D, Wisemandle W, Koura F,
et al. Dexmedetomidine vs midazolam for sedation of critically ill
patients: A randomized trial. JAMA 2009;301:489-99.

Jakob SM, Ruokonen E, Grounds RM, Sarapohja T, Garratt C, Pocock SJ,
et al. Dexmedetomidine for long-term sedation I. Dexmedetomidine vs
midazolam or propofol for sedation during prolonged mechanical
ventilation: Two randomized controlled trials. JAMA 2012;307:1151-60.
Kim HY, Lee JE, Kim HY, Kim J. Volatile sedation in the intensive
care unit: A systematic review and meta-analysis. Medicine (Baltimore)
2017;96:e8976.

Kollef MH, Levy NT, Ahrens TS, Schaiff R, Prentice D, Sherman G.
The use of continuous i.v. sedation is associated with prolongation of
mechanical ventilation. Chest 1998;114:541-8.

Martyn JAJ, Mao J, Bittner EA. Opioid tolerance in critical illness.
N Engl J Med 2019;380:365-78.

Soliman HM, Melot C, Vincent JL. Sedative and analgesic practice in
the intensive care unit: The results of a European survey. Br J Anaesth
2001;87:186-92.

Panahi Y, Dehcheshmeh HS, Mojtahedzadeh M, Joneidi-Jafari N,
Johnston TP, Sahebkar A. Analgesic and sedative agents used in the
intensive care unit: A review. J Cell Biochem 2018;119:8684-93.
Aubrun F, Valade N, Riou B. [Intravenous morphine titration]. Ann Fr
Anesth Reanim 2004;23:973-85.

Cummings A, Orgill BD, Fitzgerald BM. Intrathecal Morphine.
StatPearls. Treasure Island (FL); 2021.

Pham PC, Khaing K, Sievers TM, Pham PM, Miller JM, Pham SV,
et al. 2017 update on pain management in patients with chronic kidney
disease. Clin Kidney J 2017;10:688-97.

Engoren M, Luther G, Fenn-Buderer N. A comparison of fentanyl,
sufentanil, and remifentanil for fast-track cardiac anesthesia. Anesth
Analg 2001;93:859-64.

Futier E, Chanques G, Cayot Constantin S, Vernis L, Barres A, Guerin R,
et al. Influence of opioid choice on mechanical ventilation duration and
ICU length of stay. Minerva Anestesiol 2012;78:46-53.

Muellejans B, Lopez A, Cross MH, Bonome C, Morrison L, Kirkham AJ.
Remifentanil versus fentanyl for analgesia based sedation to provide
patient comfort in the intensive care unit: A randomized, double-blind
controlled trial [ISRCTN43755713]. Crit Care 2004;8:R1-R11.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.
46.

47.

48.

49.

50.

S1.

Reschreiter H, Maiden M, Kapila A. Sedation practice in the intensive
care unit: A UK national survey. Crit Care 2008;12:R152.

Bouillon T, Groeger P, Kietzmann D. The pharmacokinetics of
piritramide after prolonged administration to intensive care patients.
Eur J Anaesthesiol 2004;21:673-8.

Chou R, Cruciani RA, Fiellin DA, Compton P, Farrar JT, Haigney MC,
et al. Methadone safety: A clinical practice guideline from the American
Pain Society and College on Problems of Drug Dependence, in
collaboration with the Heart Rhythm Society. J Pain 2014;15:321-37.
Behzadi M, Joukar S, Beik A. Opioids and cardiac arrhythmia:
A literature review. Med Princ Pract 2018;27:401-14.

Ohashi N, Kohno T. Analgesic effect of acetaminophen: A review
of known and novel mechanisms of action. Front Pharmacol
2020;11:580289. doi: 10.3389/fphar. 2020.580289.

Beloeil H, Delage N, Negre I, Mazoit JX, Benhamou D. The median
effective dose of nefopam and morphine administered intravenously
for postoperative pain after minor surgery: A prospective randomized
double-blinded isobolographic study of their analgesic action. Anesth
Analg 2004;98:395-400.

Guillou N, Tanguy M, Seguin P, Branger B, Campion JP, Malledant Y.
The effects of small-dose ketamine on morphine consumption in surgical
intensive care unit patients after major abdominal surgery. Anesth Analg
2003;97:843-7.

Hurth KP, Jaworski A, Thomas KB, Kirsch WB, Rudoni MA,
Wohlfarth KM. The reemergence of ketamine for treatment in critically
ill adults. Crit Care Med 2020;48:899-911.

Koppert W, Weigand M, Neumann F, Sittl R, Schuettler J, Schmelz M,
et al. Perioperative intravenous lidocaine has preventive effects on
postoperative pain and morphine consumption after major abdominal
surgery. Anesth Analg 2004;98:1050-5.

Mo Y, Thomas MC, Antigua AD, Ebied AM, Karras GE Jr. Continuous
lidocaine infusion as adjunctive analgesia in intensive care unit patients.
J Clin Pharmacol 2017;57:830-6.

Boswell MR, Moman RN, Burtoft M, Gerdes H, Martinez J, Gerberi DJ,
et al. Lidocaine for postoperative pain after cardiac surgery: A systematic
review. J Cardiothorac Surg 2021;16:157.

Oberhofer D, Skok J, Nesek-Adam V. Intravenous ketoprofen in
postoperative pain treatment after major abdominal surgery. World J
Surg 2005;29:446-9.

Hynninen MS, Cheng DC, Hossain I, Carroll J, Aumbhagavan SS,
Yue R, et al. Non-steroidal anti-inflammatory drugs in treatment of
postoperative pain after cardiac surgery. Can J Anaesth 2000;47:1182-7.
Rubio-Haro R, Morales-Sarabia J, Ferrer-Gomez C, de Andres J.
Regional analgesia techniques for pain management in patients admitted
to the intensive care unit. Minerva Anestesiol 2019;85:1118-28.
Jaber S, Bahloul H, Guetin S, Chanques G, Sebbane M,
Eledjam JJ. [Effects of music therapy in intensive care unit without
sedation in weaning patients versus non-ventilated patients]. Ann Fr
Anesth Reanim 2007;26:30-8. [French].

West R. Curare in man. Proc R Soc Med 1932;25:1107-16.

Merriman HM. The techniques used to sedate ventilated patients.
A survey of methods used in 34 ICUs in Great Britain. Intensive Care
Med 1981;7:217-24.

Isenstein DA, Venner DS, Duggan J. Neuromuscular blockade in the
intensive care unit. Chest 1992;102:1258-66.

Papazian L, Forel JM, Gacouin A, Penot-Ragon C, Perrin G, Loundou A,
et al. Neuromuscular blockers in early acute respiratory distress
syndrome. N Engl J Med 2010;363:1107-16.

The National Heart, Lung, and Blood Institute PETAL Clinical Trials
Network. Early neuromuscular blockade in the acute respiratory distress
syndrome. N Engl J Med 2019;380:1997-2008.

Mace SE. Challenges and advances in intubation: Rapid sequence
intubation. Emerg Med Clin North Am 2008;26:1043-68, x.

Sottile PD, Kiser TH, Burnham EL, Ho PM, Allen RR, Vandivier RW,

Saudi Journal of Anesthesia / Volume 17 / Issue 2 / April-June 2023



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

De Bels, et al.: Sedation in the ICU

et al. An observational study of the efficacy of cisatracurium compared
with vecuronium in patients with or at risk for acute respiratory distress
syndrome. Am J Respir Crit Care Med 2018;197:897-904.
Puthucheary Z, Rawal J, Ratnayake G, Harridge S, Montgomery H,
Hart N. Neuromuscular blockade and skeletal muscle weakness in
critically ill patients: Time to rethink the evidence? Am J Respir Crit
Care Med 2012;185:911-7.

Bevan DR, Donati F, Kopman AF. Reversal of neuromuscular blockade.
Anesthesiology 1992;77:785-805.

Carron M, Baratto F, Pettenuzzo T, Ori C. Sugammadex as rescue therapy
for residual neuromuscular blockade in the intensive care unit. Can J
Anaesth 2016;63:1384-5.

Riker RR, Picard JT, Fraser GL. Prospective evaluation of the
sedation-agitation scale for adult critically ill patients. Crit Care Med
1999;27:1325-9.

Pun BT, Dunn J. The sedation of critically ill adults: Part 1: Assessment.
The first in a two-part series focuses on assessing sedated patients in the
ICU. Am J Nurs 2007;107:40-48; quiz 49.

Hughes CG, Mailloux PT, Devlin JW, Swan JT, Sanders RD, Anzueto A,
et al. Dexmedetomidine or propofol for sedation in mechanically
ventilated adults with sepsis. N Engl J Med 2021;384:1424-36.

Shetty RM, Bellini A, Wijayatilake DS, Hamilton MA, Jain R, Karanth S,
et al. BIS monitoring versus clinical assessment for sedation in
mechanically ventilated adults in the intensive care unit and its impact
on clinical outcomes and resource utilization. Cochrane Database Syst
Rev 2018;2:CD011240. doi: 10.1002/14651858.CD011240.pub2.
Nordness MF, Hayhurst CJ, Pandharipande P. Current perspectives on
the assessment and management of pain in the intensive care unit. J Pain
Res 2021;14:1733-44.

Rahu MA, Grap MJ, Ferguson P, Joseph P, Sherman S, Elswick RK Jr.
Validity and sensitivity of 6 pain scales in critically ill, intubated adults.
Am J Crit Care 2015;24:514-23.

Gelinas C. Management of pain in cardiac surgery ICU patients: Have
we improved over time? Intensive Crit Care Nurs 2007;23:298-303.
Chanques G, Viel E, Constantin JM, Jung B, de Lattre S, Carr J, et al. The
measurement of pain in intensive care unit: Comparison of 5 self-report
intensity scales. Pain 2010;151:711-21.

Gelinas C, Fillion L, Puntillo KA, Viens C, Fortier M. Validation of
the critical-care pain observation tool in adult patients. Am J Crit Care
2006;15:420-7.

Gelinas C, Puntillo KA, Levin P, Azoulay E. The behavior pain
assessment tool for critically ill adults: A validation study in 28 countries.
Pain 2017;158:811-21.

Hayhurst CJ, Jackson JC, Archer KR, Thompson JL, Chandrasekhar R,
Hughes CG. Pain and Its long-term interference of daily life after critical
illness. Anesth Analg 2018;127:690-7.

Ely EW, Barr J. Pain/agitation/delirium. Semin Respir Crit Care Med
2013;34:151-2.

Ely EW, Margolin R, Francis J, May L, Truman B, Dittus R, et al.
Evaluation of delirium in critically ill patients: Validation of the
confusion assessment method for the intensive care unit (CAM-ICU).
Crit Care Med 2001;29:1370-9.

Zaal 1J, Devlin JW, Peelen LM, Slooter AJ. A systematic review of risk
factors for delirium in the ICU. Crit Care Med 2015;43:40-7.

Girard TD, Jackson JC, Pandharipande PP, Pun BT, Thompson JL,
Shintani AK, et al. Delirium as a predictor of long-term cognitive
impairment in survivors of critical illness. Crit Care Med 2010;38:1513-20.

Saudi Journal of Anesthesia / Volume 17 / Issue 2 / April-June 2023

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Patel SB, Poston JT, Pohlman A, Hall JB, Kress JP. Rapidly reversible,
sedation-related delirium versus persistent delirium in the intensive care
unit. Am J Respir Crit Care Med 2014;189:658-65.

Reade MC, Eastwood GM, Bellomo R, Bailey M, Bersten A,
Cheung B, et al. Effect of dexmedetomidine added to standard care on
ventilator-free time in patients with agitated delirium: A randomized
clinical trial. JAMA 2016;315:1460-8.

Wilcox ME, Girard TD, Hough CL. Delirium and long term cognition
in critically ill patients. BMJ 2021;373:n1007. doi: 10.1136/bmj.n1007.
Jackson JC, Hart RP, Gordon SM, Shintani A, Truman B, May L, et al.
Six-month neuropsychological outcome of medical intensive care unit
patients. Crit Care Med 2003;31:1226-34.

Chodosh J, Seeman TE, Keeler E, Sewall A, Hirsch SH, Guralnik JM,
et al. Cognitive decline in high-functioning older persons is
associated with an increased risk of hospitalization. J Am Geriatr Soc
2004;52:1456-62.

Pandharipande PP, Girard TD, Jackson JC, Morandi A, Thompson JL,
Pun BT, et al. Long-term cognitive impairment after critical illness.
N Engl J Med 2013;369:1306-16.

Detriche O, Berre J, Massaut J, Vincent JL. The Brussels sedation scale:
Use of a simple clinical sedation scale can avoid excessive sedation in
patients undergoing mechanical ventilation in the intensive care unit.
Br J Anaesth 1999:83:698-701.

Garcia R, Salluh JIF, Andrade TR, Farah D, da Silva PSL, Bastos DF,
et al. A systematic review and meta-analysis of propofol versus
midazolam sedation in adult intensive care (ICU) patients. J Crit Care
2021;64:91-9.

Shehabi Y, Howe BD, Bellomo R, Arabi YM, Bailey M, Bass FE, et al.
Early sedation with dexmedetomidine in critically ill patients. N Engl J
Med 2019;380:2506-17.

Kesecioglu J, Schneider MM, van der Kooi AW, Bion J. Structure and
function: Planning a new ICU to optimize patient care. Curr Opin Crit
Care 2012;18:688-92.

Guerin C. Calming down about sedation in critically ill patients. N Engl
J Med 2020;382:1162-4.

Kress JP, Pohlman AS, O’Connor MF, Hall JB. Daily interruption
of sedative infusions in critically ill patients undergoing mechanical
ventilation. N Engl J Med 2000;342:1471-7.

Shehabi Y, Bellomo R, Reade MC, Bailey M, Bass F, Howe B, et al. Early
goal-directed sedation versus standard sedation in mechanically ventilated
critically ill patients: A pilot study*. Crit Care Med 2013;41:1983-91.
Bugedo G, Tobar E, Aguirre M, Gonzalez H, Godoy J, Lira MT, et al. The
implementation of an analgesia-based sedation protocol reduced deep
sedation and proved to be safe and feasible in patients on mechanical
ventilation. Rev Bras Ter Intensiva 2013;25:188-96.

Treggiari MM, Romand JA, Yanez ND, Deem SA, Goldberg J, Hudson L,
et al. Randomized trial of light versus deep sedation on mental health
after critical illness. Crit Care Med 2009;37:2527-34.

Olsen HT, Nedergaard HK, Strom T, Oxlund J, Wian KA, Ytrebo LM,
et al. Nonsedation or light sedation in critically ill, mechanically
ventilated patients. N Engl J Med 2020;382:1103-11.

De Bels D, Honore PM, Redant S. Nonsedation or light sedation
in critically ill, mechanically ventilated patients. N Engl J Med
2020;382:¢107.

Barr J, Fraser GL, Puntillo K, Ely EW, Gelinas C, Dasta JF, et al. Clinical
practice guidelines for the management of pain, agitation, and delirium in
adult patients in the intensive care unit. Crit Care Med 2013;41:263-306.

235



