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THE ART OF ADULT SEDATION IN ICU.DOES IT MATTER?
INTRODUCTION

Sedation is a widely used entity in intensive care units (ICU) across the globe. It forms an
essential part of the supportive management of the critically ill mechanically ventilated patient
(FASTHUG principle) and is often administered with adequate analgesia.(2)

Sedation is often required and administered to the critically ill patient for different reasons
namely being to reduce physiological stress and anxiety, aid comfort on the endotracheal tube
and mechanical ventilation, and facilitate invasive procedures.(2)

Sedation enables the reduction of the patients awareness of their surroundings and also helps
to blunt their response to external stimulation.(3)

Historically the goal of sedation in the critically ill adult patients was to provide deep sedation
with the frequent use of neuromuscular blocking agents. Over the years as more research and
evidence surfaced ,this practice has moved more towards targeting light sedation with the use
of sustained neuromuscular blockade being reserved for specific indications or as a last resort
after other modalities have been optimised to improve the clinical condition .(4)

The aim of sedation in an ICU setting is to ensure that the critically ill patient is orientated but
comfortable, free from pain and enable co-operation during invasive procedures and
physiotherapy. Light sedation is recommended for mechanically ventilated patients, unless
clinically contraindicated, as it has been shown to have better outcomes when compared to
deep sedation.(5)

LIGHT VS DEEP SEDATION

A consensus definition for light ,moderate and deep sedation does not exist.(2)

Previously in the 2013 Pain, Agitation and Delirium guidelines light sedation was described as
a Richmond Agitation Sedation Scale(RASS) of greater than or equal to -2 and eye opening of
at least 10 minutes.(5)Despite the absence of a consensus definition for light sedation a RASS
score of +1 (slightly restless) to -2 (awake with eye contact to voice) which is similar to a Riker
Sedation -Agitation Scale (SAS) score of between 4(calm and co-operative) to 3 (difficult to
arouse and obeying simple commands),has generally been accepted as being the light
sedation range.(6) Light sedation is recommended as the ideal level of sedation for the
mechanically ventilated ICU patient because it has been associated with shorter times to
extubation, reduced tracheostomy rates, reduced ICU length of stay and has not been
associated with an increased 90 day mortality. (2)

Although a consensus definition for deep sedation also does not exist, it is accepted that it is
any RASS score less than -2, i.e. unresponsive to a painful stimuli.(5)

Numerous studies have showed that prolonged deep sedation in the ICU is associated with
negative outcomes, namely prolonged mechanical ventilation ,increased ICU and hospital
length of stay, increased incidence of ICU delirium and long term cognitive dysfunction.(5)

INDICATIONS FOR DEEP SEDATION
e Managing significant agitation and stress
e Ventilator synchronisation which is becoming increasingly rare with improved modes of
ventilation
Convulsive disorders (status epilepticus)
Raised intracranial pressure
Shivering during therapeutic hypothermia
Provide amnesia during neuromuscular blockade
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ASSESSING DEPTH OF SEDATION

Assessing and measuring depth of sedation helps with titration of the sedative drug in order to
achieve the desired sedation goal and help minimize effects of over and under sedation.
Sedation scales are available to help assess depth of sedation in the ICU setting. The most
commonly used scales are the Richmond Agitation and Sedation Scale (RASS) and the Riker
Sedation-Agitation Scale(SAS).The RASS and SAS scales are widely used as they are well
validated in mechanically ventilated patients.(6)

The RASS and SAS scores showed the highest psychometric scores when looking at inter-
rater reliability, discriminant or convergent validation. Both scales were able to differentiate
sedation levels in different clinical conditions.(5)

The Richmond Agitation and Sedation Scale

The RASS is a 10 point scale and has a range of -5 to +4.
A score of 0 suggests an alert and calm patient.
Positive scores correlate with 4 levels of increasing agitation.
Negative scores correlate with 5 levels of increasing level of sedation and a decreasing
response to verbal and physical stimulation.
The assessor conducts 3 steps to assess the patients level of agitation and sedation:(7)
1. Observation
2. Verbal stimulation
3. Physical stimulation

Richmond Agitation and Sedation Scale
(RASS)
¥ -
+4 Combaltive violenl, immediate danger to staff
+3 Very Agitated Pulis or removes tube(s) or cathetar(s); aggressive
+2 Agitated Frequent non-purposaful movamant, fights ventilator
+1 Restless Anxious, apprehensive but movements nol aggressive
OF VIQODINous
0 Alert & calm
-1 Drowsy Mot fully alert, but has sustained awakening to voice
{eve opening & conlacl = 10 sec)
-2 Light sedation Briafly awakens lo voice (eye opaning & contact = 10
58C)
-3 Moderate sedation | Movement or eye-opeaning to voilce (but no aye contact)
-4 Deep sedation Mo response 0 voice, but movemenl or eye opanling lo
physical stimulation
] Unarpusable Mo response 0 voice of physical stimulation

Figure 1:Richmond Agitation and Sedation Scale (RASS).(Sessler et al 2002) (8)

The RASS scale is quick and easy to use with a single categorical response determining a
score, is able to assess level of sedation(i.e. light ,moderate or deep) and is reproducible
with high inter-rater reliability for ventilated patients and moderate inter-rater reliability for
nonventilated patients.(7)
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The Riker Sedation-Agitation Scale

Sedation-Agitation Scale (SAS)

it

=

Dangerous agitation Fulling at ET tube, trving to remove catheters, climbing
over bed rail, striking at staff, thrashing side-to-side

Very agitated Does not calm, despite frequent verbal reminding of hmits;
requires physical restraints, biting ET tube

Agitated Aniows oF mildly agitated, attempbing to sit up, calms down
o verbal instructions

Calm and cooperative Calm, awakens easily, follows commands

Sedated Difficult to arouse, awakens to verbal stimuli or gentle
shaking but driftz off again, follows simple commands

Very sedated Arouzés bo phvsical stimuli but does not communicate or
follow commands, may move spontaneously

Unarousable Mimmal or no response o noxiows stimuli, does not

communicate or follow commands

Figure 2: The Riker Sedation-Agitation Scale (SAS) modified. (Riker et al 1999).(9)

The SAS scale ranges from 1 to 7.

4 correlates with a calm and co-operative patient.

A scale above 4 indicates an agitated patient and a scale below 4 indicates a sedated
patient.

SAS lists 3 different levels of agitation (Agitated, very agitated and dangerous agitation) and
3 different levels of sedation (sedated, very sedated, unarousable).

The lesser the scale the more sedated the patient is.(9)

The SAS scale is also quick to use taking on average 2-5 minutes to assess a patients
sedation/agitation level and has good inter-rater reliability that is greatly significant for both
nonventilated and ventilated patients in the surgical and medical ICUs.(9, 10)

Limitations of the RAAS and SAS scales. (8,9, 11)

Subjective measuring tools of sedation requiring motor responsiveness from the
patient and therefore a patient with global motor neurology will be difficult to assess
using these tools.

Both rely on patient auditory and visual perception and are therefore not suitable for
patients with visual and auditory impairments.

A sleeping or sedated patient may respond to verbal or physical stimulation with
agitated behaviour causing a crossover picture. In this case the patient will be graded
by behaviour when stimulated.

RAAS and SAS scales do not differentiate impaired consciousness caused by
sedating drugs to that caused by underlying medical problems.

Patients on frequent or continuous neuromuscular blockade can’t be assessed using
these subjective tools due to lack of movement and observable behaviour, in this
instance objective measures that can assist with the assessment of sedation depth
such as the Bispectral index or auditory evoked potentials may be of use.
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Objective Sedation monitoring: Bispectral index (BIS)

The BIS is a monitor used mainly in the operating theatre to monitor depth of anaesthesia. It is
of extremely limited use in monitoring depth of sedation in ICU as it is agent specific and most
ICU sedatives have not been tested against the BIS. Despite this limitation, the 2018 PADIS
guidelines made an ungraded statement that the BIS can be used as an objective monitor of
sedation depth in ICU when subjective tools (i.e. RASS and SAS scales) cannot be used.(2,
11) This is mainly for titration of sedative drugs during deep sedation and neuromuscular
blockade.(2) However it is not yet proven if its use is of any benefit or improves outcomes.

A. PHARMACOLOGICAL SEDATION
METHODS OF SEDATION:

No sedation : (12, 13)
e Zero sedation, only given when necessary
e Treatment for pain must be given when necessary.
e Requires intensive nursing care and patient supervision
e Co-operation from both nurses and doctors is vital
e Has not been shown to increase the risk of adverse psychological outcomes.(14)

Advantages:
e Reduces mechanical ventilator days
e Shorter ICU and hospital length of stay

Disadvantages:

Increase risk of accidental extubations and re-intubations

Increase risk accidental self-removal of invasive lines requiring re-insertion
Increase nursing workload

Feasibility-staff shortages

Findings from a recent randomised controlled trial looking at non-sedation or light sedation in
critically ill, mechanically ventilated patients (NONSEDA) suggests that light sedation is safe
and when it was compared to the non-sedation strategy, light sedation did not increase
ventilator or ICU lengths of stay. (13)this may suggest that giving no sedation to the ventilated
critically ill adult patients has no added benefits to the current ICU sedation recommendation
of light sedation.

Analgesia Based Sedation:

Opioid or analgesia based sedation/ Analgesia 15t sedation strategy (2, 5)
Also known as analgosedation.

A conditional recommendation with moderate level quality evidence is made by the 2018
PADIS (Clinical Practice Guidelines for the prevention and Management of Pain,
Agitation/Sedation, Delirium, Immobility, and Sleep Disruption in Adult Patients in the ICU)
guidelines to use a protocol based, stepwise approach for the management of pain and
sedation in critically ill adults.
e Pain should be assessed and managed (usually with an opioid) before a sedation drug
is given.
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e Assessment driven protocols should be in place with a clear guide on the choice of
medication and dose to be given.

¢ Regular pain and sedation assessments should be conducted using validated tools.

Advantages:
¢ Prevents the masking of pain with sedating drugs
e Ensures pain is managed and reduces pain intensity
e Decreases sedation requirements
e Associated with a reduction in the use of pain medication when compared to a non-
protocolized continuous infusion strategy.(5, 13)
¢ Reduces duration of mechanical ventilation
e Reduces ICU length of stay

Disadvantage:
e No additional benefits have been reported over a non-analgesia based strategy.
Randomised controlled trials are needed to investigate this further.

Available opioids for use in ICU:

Opioids are used to manage pain and discomfort in the ICU. Intravenous opioid agents are
recommended as first line treatment of non-neuropathic pain in ICU.(5) Deciding on which
opioid drug to use depends on numerous factors including the drugs’ pharmacodynamic and
pharmacokinetic properties.

Mechanism of action
e Opioid receptor agonists
¢ Remifentanil is selective for mu receptors

Morphine:
Dosing
¢ Route of administration: usually IV and IMI, Oral preparation also available
e Onset: 5-10 minutes
e Elimination half-life: 3-4 hours
e Active metabolites: morphine 3 and 6 glucuronide, accumulates in liver and renal
impairment
¢ Intermittent dosing: 2-4mg IV every 1-2 hours
¢ Maintenance dose:2-30mg/hr

Advantages
e Potent analgesic properties
o Effective antitussive
e Cardiovascular system remains stable if patient is euvolemic

Disadvantages and side effects
e Hypotension in hypovolaemic patients
Gastroparesis, nausea and vomiting and reduced bowel motility
Respiratory depression
Histamine release
Accumulates in renal and liver impairment.
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Fentanyl:
Dosing

Route of administration: 1V

Onset: 1-2 minutes

Elimination half-life: 2-4 hours

Context sensitive half-time: 200 minutes (6 hour infusion), 300 minutes (12 hour
infusion, increase in CSHT is unpredictable after 12 hrs infusion in the presence of end
organ dysfunction.

Intermittent dosing: 0.35-0.5ug/kg IV every 30minutes-1 hour

Maintenance infusion dose:0.7-10ug/kg/hr

Advantages

More easily titratable than morphine but accumulates with prolonged use
Its use is preferred in the presence of renal impairment since the active metabolite of
morphine (morphine 6 glucuronide) accumulates in renal impairment.

Disadvantages and side effects
Hypotension but less than with morphine
Accumulates in liver impairment.

Sufentanil:
An analogue of fentanyl
625 to 4000 times more potent than morphine, 5 to 15 times more potent than fentanyl.

Dosing

Route of administration: IV

Onset: 10-20 minutes

Elimination half-life: 164 minutes

Context sensitive half-time: 34 minutes after a 4 hour infusion, after 12 days of
analgosedation infusion CSHT is slightly more than 4hours.

Maintenance infusion dose: 0.1-0.5ug/kg iv bolus followed by an infusion rate of 0.3-
1ug/kg/hr.

Advantages

Shorter Context sensitive half-time when compared to fentanyl
When given at the correct dose causes minimal haemodynamic instability

Disadvantages and side effects
Respiratory depression

At high doses causes :
Hypotension

Chest wall rigidity

bradycardia

Remifentanil:
Dosing

Route of administration: |V

Onset: 1-3 minutes

Elimination half-life: 3-10 minutes.

Context sensitive half-time: 3-4 minutes
Loading dose: 1.5ug/kg IV

Maintenance infusion dose: 0.5-15ug/kg/hr IV
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Advantages
e Organ independent metabolism therefore does not accumulate in liver and renal
impairment
o Easily titratable
e Quick onset and offset with a very short context sensitive half-time

Disadvantages and side effects

e Very potent respiratory depressant at high doses
Hyperalgesia
Haemodynamic instability at high enough doses
Higher cost when compared to other opioids
Somnolence

Multimodal Sedation :(6)

In the absence of an ideal sedating agent, the multimodal strategy incorporates the benefits of
different sedating agents and minimises their side effects by enabling the use of lesser doses
of the different sedating agents.

SEDATION PROTOCOLS:
Protocolized Sedation Targets /Nurse Protocolised sedation :(2, 15)

This is the titration of a sedation drug at the bedside based on a pre-determined sedation
protocol and target with the aim of achieving a targeted sedation level. The frequency of
sedation level assessment and sedation titration often vary.

A bolus sedation strategy is usually used at the start before transitioning to an infusion if the
number of boluses per hour is more than a set amount of drug.

Advantages:
e Facilitates better titration of sedation agent to achieve a targeted sedation level.
e Reduces duration of mechanical ventilation, ICU length of stay and hospital stay

Disadvantage:
¢ Increase nursing workload when compared to non-protocolized sedation.

Daily sedation interruptions/daily sedation holds/sedation holiday/spontaneous
awakening trial :

This is the process of stopping or reducing sedation with the aim of waking the patient up and
achieving arousal or alertness prior to restarting sedation.

This is done for a period of time every day, assessment of sedation is then conducted using
the RASS or SAS scales targeting a RASS of -1 to +1 or SAS of 4-7 after which sedation can
be restarted if required at a lower dose usually at half the previous infusion rate. (2)

Advantages:
e Minimises accumulation of sedation drug with the aim of improving ICU patient
outcomes, reducing ventilator days and ICU length of stay.
e Allows for re-orientation and cognitive stimulation.
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Disadvantage:
e Increase nursing workload.
e Can increase the amount of sedation drug used when re-establishing an appropriate
level of sedation.

Daily Sedation Interruption (DSI) Vs Nurse Protocolised sedation:

A randomised controlled trial looking at daily sedation interruption in mechanically ventilated
critically ill patients cared for with a sedation protocol (SLEAP study) showed that when DSI
was used together with protocolised sedation there was no added benefit to using protocolized
sedation alone.(16)

Evidence did not show one strategy to be superior over the other, they are both safe and are
able to obtain and maintain a light level of sedation assessed by using a validated sedation
score.(2)

CHOOSING A SEDATION AGENT (5)

An Ideal sedation agent has the following properties:(17)
¢ Rapid onset of action
Providing effective sedation at lower doses
Rapid recovery after stopping the drug aiding in quicker weaning from the ventilation.
An easy to administer drug
Minimal drug accumulation
Fewer side effects
Minimal interaction with other drugs
Low cost

However an ideal sedation agent does not yet exist.

When choosing a drug to use for sedation, the following factors should be taken into
consideration:
1. Specific indications and sedation goals for each individual patient
2. Clinical pharmacokinetic and pharmacodynamics of the drug of choice in a particular
patient,
e Onset
o Offset
o Side effect profile
3. Cost of chosen drug (Pharmacoeconomics)

Basic Pharmacokinetics related to sedative administration

First-order kinetics (linear kinetics):
e Drug metabolism is proportional to the amount of drug in the body
e Half-life remains constant

Zero-order kinetics (non-linear kinetics):
e Drug metabolism is constant
e Half-life decreases over time
e All drugs will obey zero-order kinetics if given in a large enough dose(i.e. overdose)
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Multiple Dosing

1005
96 875%

S50%

o 1 2 3 a4 1
Half-lives

Drug concentration as percentage of desired steady state

Figure 3: Concentration-time graph showing maintenance dose with regular
dosing.(18)

When a drug that follows first order kinetics is given as a constant dose at dosing intervals 1.4
times the half-life there will be an incremental increase in the plasma concentration of the drug
until the administration rate equals the elimination rate. Steady state plasma concentration is
then achieved. Practically 4 to 5 half-lives are taken to reach drug steady state.

Continuous Infusions

_.
(=]
[=]
2

96.875%

50%)

0 1 2 3 4 5
Half-lives

Figure 4:Drug concentration-time graph showing maintenance dose in a continuous
infusion.(18)

Drug concentration as percentage of desired steady state

If a drug that obeys first-order kinetics is given as an infusion at a constant rate, the drug
plasma concentration will rise and the rate of elimination will increase in an equivalent manner
until the rate of elimination equals the rate at which the drug is being given.

A drug that is given at a constant rate of infusion will reach 90% of plateau plasma
concentration after 3.3 half-lives.

The shorter the half-life the sooner the plateau level is reached. The time to plateau
depends solely on the half-life.

Page 11 of 39



Loading doses

100%

loading dose followed by infusion

50%

Bolus dose without infusion

Drug concentration as percentage

0 1 2 3 4 5
Half-lives

Figure 5:Concentration-time graph showing loading dose with and without
infusion.(18)

Loading dose is used to achieve steady state plasma concentration of a drug sooner than 5
half-lives after starting a dosing regimen. Loading dose depends on the plasma concentration
of the drug required and the volume of distribution.

Loading dose = Required drug concentration at steady state x volume of distribution.
Maintenance dose= Required drug concentration at steady state x clearance.

Context sensitive half times

diazepam 'Fanhru&\

k-
E
=
- dexmedetomidine
%g lniu!qzb’m
% alfertanil
£
sufentanil

etomidate

remifertunl

I1G: rishimd . . -
https://rk.md infusion duration (houre)

Figure 6:Graph depicting context sensitive half-times of different sedating agents.(19)

The context sensitive half-time (CSHT) is defined as the time it takes for the plasma drug
concentration to reduce by 50% after terminating a steady state infusion. Context sensitive
refers to the length of time the infusion was run over.

CSHT does not have a constant relationship with the elimination half-life.

CSHT does not directly describe time to recovery as it describes drug concentration in
the plasma and not at the effect site.
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Pharmacokinetic and Pharmacodynamic considerations in the critically ill patient: (20-
23)

The pharmacokinetics and pharmacodynamics of sedating drugs in critically ill patients can
usually be unpredictable and show notable inter-individual variation in drug response due to
drug interactions, organ dysfunction which can result in drug accumulation and increased drug
adverse effects, Inconsistent drug absorption, unpredictable protein binding and
haemodynamic instability.(2, 22)

Pharmacokinetic changes can result in over or under sedation in critically ill patients that are
receiving sedating drugs.

Pharmacokinetic changes:
Absorption

Gastro-intestinal dysfunction and malnutrition secondary to the following,
e lleus and diarrhoea
Reduced gastric emptying
Reduced blood flow to the gut
Reduced venous blood flow from the gut
Gut wall oedema
This results in unpredictable bio-availability and delayed gut absorption of drugs
administered orally.

Transdermal and intramuscular drug administration is limited by the following,
e Tissue oedema
e Impaired and slow peripheral blood flow
e Skin temperature changes
¢ Not easily titratable drug administration

Distribution

Increased volume of distribution caused by the following,
e Decreased plasma proteins leads to decreased protein binding and increased free drug
e Increased total body water from capillary leak causing an increase in volume of
distribution
e Haemodilution from fluid resuscitation.

Metabolism

Decreased liver metabolism caused by,
¢ Reduction in CYP enzyme function caused by other drugs(drug interactions)
e Reduction in portal venous /hepatic arterial blood with subsequent reduction in drug
delivery to the liver.
e Altered albumin production with subsequent alterations in drug protein binding
e Liver injury or dysfunction
Increased liver metabolism caused by,
¢ Increase in CYP enzyme activity caused by other drugs(drug interactions)
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Elimination

Hypoperfusion of renal tissues and renal failure results in,

e Reduced drug elimination

e Fluid retention and acid base disturbances

e Augmented renal clearance

Additional factors that may change the pharmacokinetics and pharmacodynamics of drugs
administered in ICU is the presence of extracorporeal circuits for example ECMO
(Extracorporeal membrane oxygenation) and renal replacement therapy.

From the noted above pharmacokinetic changes in the critically ill patient, sedation drug effects
can be increased leading to toxic effects(i.e. overdosing) or decreased leading to
subtherapeutic effects(i.e. underdosing).Critically ill patients are also likely to be on numerous
drugs at the same time which increases the chances of drug interactions. It is thus important
to keep these factors in mind when choosing the appropriate sedation drug for a critically ill

patient.

Hepatic dysfunction

« dlterations in CYP enzyme systems
{e.g. hypoxia, sepsis)

» alterations in blood flow

» altered plasma protein binding

Gastrointestinal failure

« loss of enteral route of administration
« altered pH of enteral secretions

« reduced serum albumin

« abnormal diet

CNS dysfunction

» altered ventilation
= coadministration of anti-epileptic drugs
« autonomic disturbance

Renal failure

=+ drug excretion

« fluid retention, acid base disturbance
(altered drug distribution)

« renal replacement therapy

Drug pharmacokinetics
in the critically ill

« absorption

« distribution
« metabolism
= excretion

Respiratory failure
« respiratory acidosis/alkalosis
+ hypoxaemia and metabolic acidosis
» mechanical ventilation

Muscle disorders

» loss of muscle mass
» renal failure due to rhabdomyolysis

Endothelial failure

 increased total body water
» altered serum protein levels

» fluid retention
» metabolic acidosis

Cardiovascular failure

« reduced enteral absorption
» reduced liver and kidney perfusion

Endocrine dysfunction

» stress response

» adrenal dysfunction
» thyroid dysfunction
» diabetes mellitus

Figure 7: Changes in the different organ systems that may affect pharmacokinetics of

drugs used in critically ill patients.(21)
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AVAILABLE DRUGS FOR SEDATIONINICU : (3,5, 6, 15, 22, 24)
Propofol :

Mechanism of action
o Potentiates GABA A receptors

Dosing

¢ Intravenous route of administration

e Onset: Peak effect 90-100 seconds after initial induction dose, duration of action is 5-7
minutes after a single dose

e Elimination half-life: 4-23 hours

e Context sensitive half-time: with infusions up to 8 hours remains less than 40 minutes

e Loading dose : 5ug/kg/min over 5 minutes followed by a maintenance dose of 25-
75ug/kg/minute

Advantages
e Better efficacy
¢ Rapid onset and offset
o Easily titratable

Disadvantages and side effects.
e Cardiovascular system: Induces vasodilatory and negative inotropic effects therefore
Reduces blood pressure by reduction of SVR and CO
e Respiratory system: causes a respiratory depression, therefore to be used with caution
in non-ventilated patients.
e Propofol infusion syndrome

Propofol infusion syndrome (PRIS) : (15, 24-26)
e Rare but life threatening syndrome characterised by the following:
Acute bradycardia resistant to treatment
Lipaemia and fatty liver enlargement
New and unexplained Metabolic acidosis
Rhabdomyolysis
Renal failure

ECG changes in PRIS are a right bundle branch block and coved type ST elevations in V1-V3
(Brugada like changes).This is followed by malignant ventricular arrythmias that causes
sudden cardiac death.(26)

PRIS has an estimated incidence of 1.1% a year and a mortality of up to 30%.(25)

Risk factors:

Propofol infusion for more than 48 hours at 4-5mg/kg/hr or more.
Severe sepsis

pancreatitis

Severe head injury

Low energy levels

Increased catecholamine and glucocorticoid serum levels
Critical iliness

Low carbohydrate and high fat intake

Increased rate of PRIS in children less than 16 years of age
Inborn errors of fatty acid oxidation
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Prevention;
e Limit propofol infusion to doses less than 4mg/kg/hr
e Use of higher concentrations of propofol (2%vs 1%) can help reduce lipid load.
¢ Avoid prolonged fasting times
e Maintain a high index of suspicion in high risk patients
e Regular pH, Lactate and CK monitoring is recommended.

Thiopental :

Mechanism of action
e Barbiturate that acts by prolongation of chloride channels in the central nervous system

Dosing
e Intravenous route of administration

e Onset: 30-60 seconds,

e Elimination half-life:11 hours

¢ Induction dose: 3-5mg/kg

¢ Infusion dose for refractory status epilepticus: 4-6mg/kg/hr
Advantages

¢ Anticonvulsant effects and therefore used as a continuous infusion in the treatment of
refractory status epilepticus.
¢ Reduces intracranial pressure and cerebral metabolic rate of oxygen consumption.

Disadvantages and side effects
e Causes a dose dependant decrease in cardiac output
e Causes a respiratory depression
e Long context sensitive half-time if given as an infusion
e Intra-arterial injection may result in significant distal limb ischaemia

Ketamine :

Mechanism of action
e Phencyclidine derivative and acts as an antagonist at the excitatory NMDA receptors

Dosing
¢ Available routes of administration: IV, IM, Oral, intranasal
e Onset: 30 seconds post |V administration
e Elimination half-life: 2-4 hours
e Sedation maintenance dose:0.2-.08mg/kg IV bolus dose followed by 30-90ug/kg/min
IV maintenance infusion dose

Advantages
e analgesic properties
e Patients can usually maintain their own airway when sedated with ketamine, however
this is not always guaranteed
¢ Maintains blood pressure
e Broncho dilatory properties.
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Disadvantages and side effects
e causes sympathetic stimulation
e Hallucinations
e hypersalivation

Benzodiazepines :
Midazolam

Mechanism of action
e Acts on benzodiazepine receptors in the CNS and promotes GABA mediated chloride
channel opening which either hyperpolarises or short circuits the synaptic membrane.
Dosing
e route of administration: IV, IM(not recommended), Intranasal, Oral
onset: peak effect within 2-3 minutes after IV dose
elimination half-life: 3-11 hours
context sensitive half-time: 3-15 hours
sedation dose: 0.01-0.1mg/kg IV bolus dose ,followed by a maintenance infusion dose
of 0.25-1ug/kg/min or 0.02-0.1mg/kg/hr

Advantages
e Anxiolysis
Anticonvulsant properties
Minimal Cardiovascular effects
Reduction in tidal volumes is offset by an increase in respiratory rate
Reliable and amnesiac properties (anterograde)

Disadvantages and side effects.
e Slow offset
Active metabolites (1-Hydroxymethylmidazolam)
Accumulates in organ failure
Extensive interindividual variation
Increased risk of delirium especially when administered as a continuous infusion.(27)

Alpha 2 receptor agonists:
Dexmedetomidine: (5, 28)

Mechanism of action
e Post synaptic Alpha 2 receptor agonist
e Increases conduction through potassium ion channels.
e Mimics normal physiological sleep

Dosing

¢ Route of administration: oral, intranasal, buccal mucosa, IV

e Onset: 5-10 minutes

e Elimination half-life: 1.8-3.1 hours

e Loading dose: not recommended when used for sedation in ICU, in contrast to its use
in anaesthesia where a bolus of 1ug/kg over 10-15 minutes can be given prior to
commencing an infusion.

e Maintenance dose: 0.2-0.7ug/kg/hr, can be increased to 1.5ug/kg/hr as tolerated.
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Advantages
¢ Analgesia and anxiolytic properties
Minimal respiratory depression
Increased co-operation and effective communication
Reduces the incidence of delirium
Hastens the resolution of delirium
Decongestant and dries up secretions(antisialagogue)
Inhibits shivering

Disadvantages and side effects
e Less easily titratable
Slower onset than other sedation drugs
Hypertension with loading dose
Bradycardia
Predictable hypotension
Loss of airway reflexes.
Reduced clearance in liver failure (dexmedetomidine)
Not suitable for deep sedation
Expensive

Clonidine: (3)
Dexmedetomidine is more potent than Clonidine.

Mechanism of action
e Alpha 2 receptor agonist in the lateral reticular nucleus of the medulla
e Produces reduction in sympathetic outflow

Dosing
¢ Route of administration :1V, Oral
e Elimination half-life: 8.5 hours
¢ Maintenance dose: Can be given as bolus doses or an infusion, 50-150ug tds.

Advantages
¢ Analgesic and sedating properties
e Minimal respiratory depression

Disadvantages and side effects

Acute rebound hypertension with acute withdrawal of clonidine
Reduced clearance in renal failure

Bradycardia

Prolonged hypotension

Ketofol : (29-31)
Ketamine plus propofol mixture administered in one syringe in various concentrations.(30)
It can also be administered separately in 2 different syringes.
e Provides analgesia and sedation
e Extensively studied and used for procedural sedation.
e There is limited data available on Ketofol use for sedation in ICU as a result , the ideal
combination ratio and infusion rate are currently unknown.(29)
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Advantages:
e Synergy and increased safety with less side effects
e Minimizes respiratory and haemodynamic effects of propofol and ketamine
e Reduces dose of propofol needed for sedation

Disadvantages:
e Dose dependant adverse effects

Volatile inhalational agents : (22, 32-34)
Isoflurane and Sevoflurane are the most commonly used volatile agents in ICU. Desflurane
has only been reported in a small number of case reports.(33)

Mechanism of action
e Act reversibly on the central nervous system resulting in amnesia, immobility and
reduction in the sympathetic nervous system response to a painful stimulus.

e 3 theories for the mechanism of action of inhalational agents:
e Meyer-Overton hypothesis
e 5-Angstrom theory
e Receptor mediated action
Indications

o Deep sedation in patients that are difficult to sedate
e Status asthmaticus
e Status epilepticus

Dosing
e route of administration: inhalational
e Onset (rate of increase in alveolar concentration) |:depends on ventilation, solubility,
tissue uptake, metabolism, cardiac output
e Sedation dose: end tidal volatile agent should be slightly above MAC awake estimated
to be 40% of MAC (Minimum alveolar concentration).

MAC awake:
e |soflurane — 0.4 vol %
e Sevoflurane — 0.6 vol %
e Desflurane — 2.4 vol %

Factors that reduce MAC:

¢ Advancing age Hypothermia

e Use of opioids Severe hypotension

e Use of IV sedating agents Pregnancy
Advantages

¢ Rapid and consistent onset and offset of action

Easily titratable

Predictable wake up times.

Anaesthetic pre-conditioning

produces amnesia

Euphoria

Analgesia and hypnosis

Pulmonary clearance and are therefore less affected by liver or renal failure
Minimal accumulation
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Sedative effect can be monitored using end tidal fraction of the volatile anaesthetic
MAC

Disadvantages and side effects

Negative inotropic effect

Reduces SVR, negative chronotropy

Environmental pollution

Requires adequate scavenging of waste gas

Non-anaesthesia trained staff may be unfamiliar with the use of volatile anaesthesia
Malignant hyperthermia precipitated by volatile agent

Special device required for delivery of agent (AnaConDa-anaesthetic conserving
device) with associated costs.

Propofol Vs Benzodiazepines

The 2018 PADIS guidelines recommend the use of propofol over benzodiazepines for
sedation in mechanically ventilated adults post cardiac surgery and also recommended
propofol over benzodiazepine infusion for medical and surgical mechanically ventilated
critically ill patients not undergoing cardiac surgery.(conditional recommendation, low
quality evidence).(2)

Dexmedetomidine Vs Benzodiazepines

No difference in time taken to achieve targeted sedation level (i.e. light sedation).(35)
Dexmedetomidine demonstrates shorter duration of mechanical ventilation, reduced
delirium, less tachycardia and less hypertension when compared to benzodiazepines.(2,
35)

2018 PADIS guidelines issued a conditional recommendation for the use of
dexmedetomidine over benzodiazepines for sedation in critically ill mechanically
ventilated adult patients. (Conditional recommendation, low quality evidence).

Propofol Vs Dexmedetomidine

No difference in time to extubation.

decreased delirium incidence with dexmedetomidine

patients communicate more effectively when sedated with dexmedetomidine as
compared to propofol

no differences in the incidence of hypotension or bradycardia

uncertain cost effectiveness when propofol is compared to dexmedetomidine
dexmedetomidine should not be used when deep sedation is required.

2018 PADIS guidelines recommend that either propofol or dexmedetomidine can be
used for sedation of critically ill adults.(conditional recommendation)

Propofol Vs Dexmedetomidine Vs Benzodiazepines

Decreased time to light sedation and extubation when propofol and dexmedetomidine
are compared to benzodiazepines.(2)

patients ability to communicate improves when sedated with dexmedetomidine
compared with midazolam and propofol.(36)

Reduced duration of mechanical ventilation when sedated with dexmedetomidine
compared with midazolam.(36)

More adverse effects observed with dexmedetomidine when compared to midazolam
and propofol.(36)

2018 PADIS guidelines suggest using non-benzodiazepines(either propofol or
dexmedetomidine) over benzodiazepines for sedation in critically ill adults who are
mechanically ventilated.(conditional recommendation, low quality evidence)(2, 5)
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B. NON PHARMACOLOGICAL STRATEGIES TO HELP REDUCE AGITATION IN THE
CRITICALLY ILL ADULT PATIENT:

ABCDEF bundle-The ICU liberation bundle: (1, 37, 38)

Assess, prevent and manage pain

Both spontaneous awakening and breathing trials
Choice of sedation and analgesia

Delirium; Assess, prevent and manage

Early mobilisation and exercise

Family communication and involvement

The ICU liberation bundle is explained further under Prevention of ICU delirium on page 29.

Environmental factors:

1.Restoration of sensory appliances

Many patients require visual and/or auditory assistance to maintain contact and orientation with
their environment. Contact lenses are not normally feasible so patients should be advised to
provide ICU staff with spectacles.

2.Communication

Humans are sensitive to language use, particularly in stressful situations such as the
perioperative period. It is important for ICU nursing staff to be aware of the language of patients
under their care and to regularly explain what is happening to them and reassure them.
When applying scoring systems in particular, negative expressions are not comprehended, the
primary concept being comprehended without the minimising modifier e.g. when taking blood,
telling a patient “just a little scratch”, “little” will be ignored and "scratch” will be emphasised.
This has been studied in the perioperative setting where a pain score was compared with a
comfort score post caesarean section, so patients were requested to rate their pain from 0-10
where 0 is no pain and 10 being the worst possible pain compared with a comfort score with a
reverse where 0 = least comfortable to 10 = most comfortable. In the latter group, use of the
word “pain” was limited as far as possible. Pain scores and analgesic consumption were
significantly reduced in the comfort group.(39)

3.Environmental / Patient temperature

ICUs are often maintained to suit the comfort of staff rather than patients. The definition of a
comfortable temperature range for human beings is 15 to 25 °C however the lower level is
probably closer to 20°C in ICU patients due to lack of clothing and immobility which are the
main ways humans retain and generate heat. This is in contrast to staff who are clothed and
capable of movement. In communicating with patients, careful attention should be paid to their
environmental and temperature comfort.

4.Noise(2, 40)

While music of the patient’s choice delivered via noise-cancelling headphones has proven
useful to reduce pain perception, particularly for procedural pain, such as dressing changes for
burns(40), noise in ICU represents one of the major problems limiting the effectiveness of
sedation.(2) Noise and light reduction strategies have been shown to improve the quality of
sleep and reduce delirium risk.(2)Music is not recommended by the 2018 PADIS guidelines to
improve the quality of sleep in critically ill adult patients.(conditional recommendation, low
quality evidence).(2)
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5.Sleep deprivation (2, 41)

Insomnia is exceedingly common in all hospital settings but particularly in High Care units. A
consistent complaint from patients discharged both public and private High Care units and
ICUs is the dreaded bath between 3 and 4am. A major cause of disorientation leading to
delirium in patients over the age of 60 is sleep deprivation.(2) Yet this is very common in
modern ICUs and a point that all can improve. Ideally all High Cares should have 6-7 hours of
dark, quiet time during the night, and 1-2 hours around midday to allow sleep.

Physical restraints:

Physical restraints are any physical method or mechanical device, material or equipment that
immobilises or restricts a patient’s ability to move freely.(2, 42, 43)

It includes 2 point or 4 point wrist and leg restraints, waist or chest restraints and mittens.

The use of physical restraints varies across the world from 0 to 100%.(44, 45)A local South
African mixed methods study conducted 10 years ago in a single centre ,tertiary level public
hospital reported that almost 50% of their ICU patients were restrained.(46)

Physical restraints are commonly used in critically ill adults for numerous reasons but mainly
to ensure safety of the patient, equipment and staff in the restless and agitated patient by,
Preventing self-extubations

Preventing removal of invasive lines and medical devices.

Avoiding falls

Protecting staff from combative patients

Less commonly reported reasons for using physical restraints:(2)
¢ Maintaining positioning or posture of the patient
e Staffing shortages
e Lack of supervision during break cover
e Compliance with patient, family member or other medical staff suggestions

Risk factors for physical restraint use in the ICU:
e Older age

Non-coma level of arousal

Neurologic or psychiatric conditions

Delirium

Sedation agent type or strategy

Mechanical ventilation use

Use of invasive devices

Nurse-patient ratio and perceived workload

Time of day

Ethical considerations: (2, 42, 43)

1. Respect for patient autonomy
¢ Involve the patient and family in the decision to restrain the patient
e Obtain informed consent
e Autonomy necessitates a competent patient or a proxy to represent the best interests
of the patient.

2. Beneficence - doing good
e Main reason for the use of physical restraints in ICU is to ensure safety of the patient
from self-harm and protecting the medical staff from the restless, agitated and
combative patient that could potentially harm them.
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3. Non-maleficence- do no harm.

e There is currently no evidence to suggest that physical restraints are efficient in
prevention of treatment interference and self-harm. However a few descriptive
studies have reported a paradox of higher rates of the events that their use is
intended, they include more self-extubations, unintentional device removals,
prolonged ICU length of stay, increased agitation, higher sedation and antipsychotic
medication use, increased risk of delirium and disorientation and post-traumatic
stress disorder-physical restraints are recalled as a terrifying experience. However
this remains unclear and should be investigated in a randomised controlled trial.(2)

Can we minimize physical restraints use in ICU?

Non-mechanical strategies must be employed first before initiating physical restraints:

1:1 Nurse to patient ratio-adequate staffing
Re-orientation

Remove unnecessary devices

Manage pain, agitation and delirium
Encourage mobilisation(in or out of bed)
Family involvement

Recommendations for the use of physical restraints:(43)

1.
2.
3.

4.
5. A prescription by the attending doctor should be made in the patients notes, this may

7.

Evaluate the need for physical restraints

Evaluate the type of restraints to be used, optimise patient safety, comfort and dignity
Initiate and optimise non-mechanical strategies of managing confusion and agitation
prior to using physical restraints.

Involve the patient and family in the decision making to physically restrain the patient.

be done verbally at the start based on the nurses assessment and communication to
the doctor but the doctor should make an effort to assess the patient as soon as possible
and document the prescription and indication for the physical restraints.

Address the patients’ needs and monitor regularly for pressure sores and injuries from
the restraints. Monitor at least every 4 hours and more frequently if patient is agitated or
if it’s clinically indicated.

Re-assess ongoing need for restraints every 24 hours.

Document the following:

Assessment of the need for restraints

Alternatives to the restraints that were used but were unsuccessful.

Findings of ongoing monitoring of the patient and document any complications
Re-assess the ongoing need for restraints and document in the progress notes.
Communication about the use of the restraints to the patient and family must be
documented
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Table 6. Recommendations for the initiation, monitoring, and documentation of physical restraints

Emergent Behavioral Indication

Nonemergent Medical Indication

Justification: Patient exhibits violent behavior.
Restraint Initiation
1. Physician notification within 1 hr of application for verbal order
2. Must be seen by physician or LIP within 4 hrs of application
3. Orders cover a 24-hr period
4. Daily entries justifying restraint must be entered into medical
record
Reorder
Must be redocumented every 24 hrs
Bedside Monitoring
When patient is agitated: every 15 mins
1. Chest skin color, capillary refill, pulse of restrained extremities
2. Check for extremity movement and sensation
3. Proper body alignment
4. Document in record
When patient is agitated: every 2 hrs
1. Evaluation of pharmacotherapeutics used to control pain, anxiety,
agitation, and delirium
2. Offer toileting or assess elimination needs at least every 2 hrs
3. Offer food and fluids for those who can take oral nutrition at
least every 2 hrs
4. If patient is unable to have oral nutrition, assess adequate
hydration and nutrition
5. Extremity release/ROM
Assess readiness for restraint reduction or removal at least every 8 hrs

Justification: Limit mobility to provide safe care
Restraint Initiation
1. Physician notified within 12 hrs for verbal order
2. Patient must be seen by physician or LIP within 24 hrs of
restraint application
3. Orders cover a 24-hr period
4. Daily entries justifying restraint must be entered into the
medical record
Reorder
Must be redocumented every 24 hrs
Bedside Monitoring
When patient is agitated: every 15 mins
1. Check skin color, capillary refill, pulse of restrained extremities
When patient is calm: at least every 4 hrs
1. Check skin color, capillary refill, pulse on each restrained
extremity
2. Check for extremity movement and sensation
3. Proper body alignment, reposition
4. Document in record
When patient is calm: every 2 hrs
1. Check LOC, vital signs, ventilator indicators (if applicable)
2. Monitor the patency and/or mechanical function of drainage
tubes, position of endotracheal tubes
3. Evaluate pharmacotherapeutics used to control pain, anxiety,
agitation, and delirium
4, Effect of adjunctive therapies (e.g., music therapy, dim lights,
family present)
5. Extremity release/ROM
Assess readiness for restraint reduction or removal at least every 8 hrs

LIP, licensed independent practitioner; ROM, range of motion; LOC, level of comfort.

Figure 8:Recommendations for initiation, monitoring and documentation of physical
restraints.(43)
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ADVERSE EFFECTS OF UNDER AND OVER SEDATION:

Targeting appropriate sedation

Poor cough/respiratory depression \
Hypotension/bradycardia

Gl tract paralysis

Immune depression

Renal failure

Immobility

Venous stasis

Failure to recognize cerebral insult

Delirium

Post traumatic stress disorder /

Over
sedation

+ Tolerance of mechanical ventilation

« Calm and cooperative patient

« Communicative patient

+ Avoidance of pain

« Promotion of normal sleep—wake cycle

-
« Pain \
= Anxiety
* Hypertension
« Tachycardia
* Hypoxia
= Hypercarbia
« Ventilator asynchrony
= Agitation
= Post traumatic stress disorder /

Figure 9: Potential adverse effects of under-and oversedation.(15)
ICU delirium:

Delirium is common in the critically ill adult patient, it is a Diagnostic and Statistical Manual 5t
edition (DSM-5) clinical diagnosis and a syndrome of acute onset that is characterized by:
Fluctuating mental state

Inattention

Altered level of consciousness

disorganised thinking and behaviour

The above symptoms are not explained by a pre-existing neurocognitive disorder and do not
occur in a comatose patient. Evidence from patient history, clinical examination and laboratory
findings may indicate that the above symptomatology is a direct physiological result of
substance intoxication, another medical condition, exposure to toxins, withdrawal or is due to
multiple causes.(47)

The incidence of delirium in ICU has been reported to be as high as 80% in mechanically
ventilated patients managed with either protocolized sedation or protocolized sedation with
daily interruption, with a prevalence of just over 50% in non-ventilated patients. (15, 48, 49)
Delirium is associated with worser outcomes than non-delirious patients which include
prolonged ICU length of stay, longer hospital stays ,increased risk of death and is strongly
associated with long term cognitive impairment at 3 and 12 months post ICU discharge.(2)
Not much is known about the prevalence and outcomes of delirium in South African ICUs as
there is a paucity of data related to this topic.(50)
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Risk factors for Delirium in ICU (2, 51, 52)

Level of

Evidence Criteria

Strong Consistent findings (= 75%) in 2 2 high-
evidence quality articles in multivariable analysis

Moderate Consistent findings (= 75%) in 1 high-quality
evidence article and = 1 acceptable-quality article in

multivariable analysis

Inconclusive Inconsistent findings irrespective of study

evidence quality or findings of 1 high-quality

article or only acceptable- or low-quality
articles in multivariable analysis

No evidence No association found in multivariable
analysis and no association in > 3 high-
quality articles in univariable analysis

Level of evidence for being a risk factor for delirium(52)

Predisposing risk factors: (Non-Modifiable)
e Older age(strong evidence)
Pre-existing cognitive impairment(strong evidence)
Previous coma(strong evidence)
Pre-existing Hypertension (moderate evidence)
Pre-ICU emergency surgery or trauma (strong evidence)
ICU admission with neurological disease(moderate evidence)
Alcohol use (inconclusive evidence)
Nicotine use (inconclusive evidence)
Increased ASA grade (strong evidence)
Cardiac disease (inconclusive evidence)

Precipitating risk factors: (Modifiable)

Acute illness related factors
e Increased severity of illness with increasing Acute Physiology and Chronic Health
Evaluation (APACHE ) score (strong evidence)
Polytrauma (moderate evidence)
Sepsis (inconclusive evidence)
Sedation associated coma (strong evidence)
Delirium previous day (strong evidence)
Pain (inconclusive evidence)
Mechanical ventilation (strong evidence)
Systemic hypoperfusion with metabolic acidosis (strong evidence)
Blood transfusion(strong evidence)
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Medication related factors
e Benzodiazepines cause a dose dependant increase in delirium risk(strong evidence)
e Psychoactive medication(e.g. antipsychotics, anticonvulsants) (moderate evidence)
¢ Anticholinergic drugs (inconclusive evidence)
e Corticosteroids (inconclusive evidence)

Environmental factors

High levels of noise (inconclusive evidence)

Physical restraints and immobilisation (inconclusive evidence)

Lack of daylight (inconclusive evidence)

Ward admission as opposed to a personal room/isolation room (inconclusive evidence)

Clinical presentation:

Delirium has an acute onset after the start of the underlying illness. Patients usually present
with a fluctuating level of consciousness and mental state, inattention and disturbances in the
sleep-wake cycles with resultant sleeplessness. Patients with delirium are usually disorientated
especially to time and place. Hallucinations and delusions occur in less than 40% of cases and
can occur in all subtypes of delirium. Severity of the symptoms of delirium may fluctuate during
the day with the typical restlessness at night time and daytime somnolence.

There are 3 subtypes of delirium that are in existence and are classified according to
psychomotor alterations: (15, 48, 51)

Hypoactive Delirium

e Characterised by reduced alertness, reduced motor activity, reduced speech and
withdrawal from interactions.

¢ Most underdiagnosed subtype

e |s the most incident and prevalent subtype in ICU patients, more prevalent in the
mechanically ventilated critically ill patient.

e Accounts for 45%of all delirium cases

e Associated with worse outcomes when compared with the hyperactive and mixed
subtypes.

e Patients with this subtype are frequently misdiagnosed as having depression.

Hyperactive Delirium
e Characterised by restlessness, increased and inappropriate motor activity and at times
agitation and aggression.
e This subtype is usually caused by alcohol or other drug withdrawal
e Rarely observed in the ICU this is potentially because of the administration of sedating
drugs.

Mixed
e This subtype is characterised by the fluctuation of symptoms between the hyperactive
and hypoactive delirium subtypes.

Screening/Diagnosis:

Numerous screening tools are available to assist with the diagnosis of delirium in ICU. The
most commonly used, validated and reliable screening tools are the Confusion Assessment
Method for the ICU (CAM-ICU) and the Intensive Care Delirium Screening Checklist (ICDSC).
The PADIS guidelines recommend regular assessment for delirium in the critically ill adult
patient using a validated tool.(2, 5)Regular screening will increase the rate of early delirium
detection resulting in an attempt at minimizing modifiable risk factors leading to better
outcomes.
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Confusion Assessment Method for the Intensive Care Unit (CAM-ICU)
Appendix A(1)

Requires the patient to respond to verbal questions

RASS score needs to be greater than -3

The score than goes through 4 criteria assessing for the presence of delirium clinical
features.

The presence of criteria 1 plus 2 and either 3 or 4 suggests a positive CAM-ICU test for
delirium.

Limitations of the CAM-ICU assessment tool:

Provides a single assessment at a point in time-needs to be repeated more than once
a day to be effective.

Does not assess for the delirium subtype

Needs patient co-operation

RASS score needs to be greater than -3.

Increase in nursing workload when the test has to be repeated throughout the day.

Intensive Care Delirium Screening Checklist (ICDSC)
Appendix B (1)

Consists of 8 criteria

Only possible to assess the patient for delirium if the RASS score is more than -3

First 4 criteria are based on bedside assessment and the latter 4 criteria are based on
observations that can be carried throughout the entire shift.

The presence or absence of each criteria is scored 1 or O respectively.

A score of 4 or greater signifies delirium.

Patients involvement in the assessment is passive

Easy to use and can be included during daily patient care

Has the ability to diagnose subsyndromal delirium indicated by a score of 1-3.

Prediction models for ICU delirium:

Numerous models are available to assist with predicting the onset of delirium in ICU. Two high
quality prediction models that are validated and have been shown to be capable of predicting
delirium in the critically ill adult have been recommended for use in the recent PADIS 2018
clinical guidelines.(2)

The PREdiction of DELIRium in ICU patients (PRE-DELIRIC) model and the Early-PREdiction
of DELIRium in ICU patients (E-PRE-DELIRIC) model have been found to have similar
predictive values. The choice on which model to use can be based on the availability of
predictors.(2)

The E-PRE-DELIRIC tool is designed to predict delirium at the time of admission into ICU and
has been found to be correct in 68% of cases(51).
It consists of 9 predictors:

Age

History of cognitive impairment

History of alcohol abuse

ICU admission category

Urgent admission

Mean arterial blood pressure

Use of corticosteroid

Respiratory failure

Serum urea concentration at ICU admission.
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The PRE-DELIRIC model is designed to predict delirium 24 hours after ICU admission.
It consists of 10 predicting factors:

Age

APACHE Il score
Coma

ICU admission category
Infection

Presence of a metabolic acidosis
Use of Morphine

Use of a sedating drug

Urea concentration

Urgent admission.

The PRE-DELIRIC model has been found to be a better predictor however clinicians found the
E-PREDELIRIC tool to be more feasible.(51)

Prevention:

ABCDEF Bundle (1, 5, 37, 38)

Implementation of the ABCDEF bundle in intensive care units has led to significant reductions
in the prevalence and duration of delirium in ICU patients. The bundle has been shown to
reduce the prevalence of delirium significantly from 69% to 31% in mechanically ventilated
patients.(53)

It has been conditionally recommended by the PADIS guidelines for the prevention of
delirium.(2)

Assess, prevent and manage Pain:

Inadequate pain control may precipitate delirium

Patient self-reporting of pain using a numerical rating scale(NRS) 1-10 is the gold
standard

In the case where the patient is unable to communicate, behavioural and physiological
indicators can be used. The Behavioural Pain scale (BPS) and the Critical Care Pain
observation tool (CPOT) are the most valid and reliable behavioural pain scales.

Give analgesia in the presence of significant pain (NRS>4, BPS>5, CPOT>3) and before
painful invasive procedures.

Both spontaneous awakening and breathing trials:

Minimize sedation and target light sedation

Improve wakefulness by using daily sedation interruptions or continuous titration of
sedation doses.

Allows for re-orientation and cognitive stimulation

Promotes earlier liberation from mechanical ventilation.

Choice of Analgesia and Sedation: Delirium sparing sedation strategies
Administration of medication should be goal directed

Medication dose should be titrated and stopped timeously when no longer needed.
Avoid over sedation and under sedation

Use sedation scales to help guide sedation doses

Reduce exposure to benzodiazepines or avoid its use in patients at high risk of
developing delirium.

Consider using propofol or dexmedetomidine over benzodiazepines in a critically ill and
mechanically ventilated adult at risk for delirium.
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Delirium-assess, prevent and manage:

All critically ill adult patients should be screened regularly for delirium with a valid and
reliable tool.

Minimize modifiable risk factors

The use of haloperidol, atypical antipsychotics, dexmedetomidine, statins or Ketamine to
prevent delirium in ICU is not recommended.

Manage reversible causes of the delirium

First implement non-pharmacological steps to manage the delirium before commencing
pharmacological treatment.

Routine pharmacological treatment with antipsychotics is not recommended.
Dexmedetomidine is recommended for the mechanically ventilated adult patient with
agitation that prevents weaning from ventilation or extubation.

Early mobility and exercise:

Reduce immobility by promoting early rehabilitation and mobilisation(in or out of bed)
Provided the patient has cardiovascular, respiratory and neurologic stability.

Vasoactive infusions and mechanical ventilation should not prevent the implementation
of rehabilitation provided the patient is stable on these therapies.

Implementation will be influenced by availability of ICU staff and resources to assist with
rehabilitation and mobilisation.

Exercise should be stopped if cardiovascular, respiratory or neurologic instability ensues.

Family engagement and empowerment:

Keep the patient and family informed

Involve the family in decision-making

Address concerns and questions

Encourage family visits

Family presence helps reduce patient anxiety, confusion and agitation

Non-pharmacological Treatment of Delirium:

It is recommended that multicomponent non-pharmacological steps to manage the delirium are
implemented before commencing pharmacological treatment.(2, 5)

Clinical parameters:

Reduce modifiable risk factors for delirium
Treat reversible causes IWATCHDEATH(15)

Infection

Withdrawal

Acute metabolic

Traumal/pain

Central nervous system pathology
Hypoxia

Deficiencies (Vitamin B12, Thiamine)
Endocrinopathies (thyroid, adrenal)
Acute vascular (hypertension, hypotension)
Toxins/Drugs

Heavy metals
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Orientation:
e Reduce hearing and visual impairments by enabling use of devices such as hearing aids
and eye glasses.
e Increased exposure to day light
e Communicate with patient and encourage orientation by staff and family members to
day/time/location.
e Encourage family visits.
Cognitive stimulation can be achieved by playing music, watching television daily news
during the day, use of time clocks that are clearly visible to the patients
Environment:
Improve sleep by turning off the lights at night
Minimize noise
Encourage mobilisation if feasible

Pharmacological Treatment of Delirium:

Prevention of delirium in all critically ill adults using pharmacological agents such as
haloperidol, atypical antipsychotics, dexmedetomidine, statins or ketamine is not
recommended by the PADIS guidelines 2018(conditional recommendation, very low to low
quality of evidence).(2)

The guidelines do not recommend pharmacological treatment of subsyndromal delirium
(conditional recommendation, very low to low quality of evidence).

Although haloperidol is commonly prescribed for the management of delirium, routine
pharmacological treatment with antipsychotics is not recommended unless the patient has
distressing symptoms of the delirium such as anxiety, fearfulness, hallucinations, delusions or
agitation that may lead to self-harm or the harm of others. (2)

In the case where the patient has distressing symptoms, short term use of haloperidol or
atypical antipsychotics may be of benefit until the distressing symptoms resolve.
Dexmedetomidine is recommended for the mechanically ventilated adult patient with agitation
that prevents weaning from ventilation or extubation.(2)

In 2018 a large randomised control trial(RCT) was published that looked at the use of
haloperidol or an atypical antipsychotic (ziprasidone) and compared it with a placebo for the
treatment of delirium in critical illness.(54) 48% of the study population (critically ill adult
patients with acute respiratory failure or shock) developed delirium and 89% of those
diagnosed with delirium had the hypoactive subtype. The findings of this RCT was that there
was no evidence that the use of haloperidol(up to 20mg per day) or ziprasidone(up to 40mg
per day) had an effect on the duration of delirium among the critically ill adult patients who had
acute respiratory failure or shock.(54) This finding supports the PADIS guideline
recommendation to reserve the use of haloperidol or atypical antipsychotic for the critically ill
adult patient with delirium that is associated with distressing symptoms.

Haloperidol:

e Mechanism of action
e Butyrophenone derivative
e Central dopamine receptor (D2) and post synaptic GABA antagonism

Dosing
e 0.5-2.5mg IV .Can be repeated after 15 minutes if required
e Maximum dose 15mg per day
e Can be given IM if IV access is not available.
e For elderly and frail patients can start at half the recommended dose and titrate slowly.
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Advantages
e Has minimal effects on the cardiovascular and respiratory systems.
e Can be given if oral route of drug administration is not available or if a patient is severely
agitated, aggressive and delirious.

Disadvantages and side effects.
e Extra-pyramidal side effects
¢ Risk of Neuroleptic malignant syndrome
e Prolonged QT syndrome therefore use with caution in a patient with baseline prolonged
QT or on medication that is known to prolong the QT interval e.g. Droperidol,
Amiodarone, Amitriptyline, Citalopram, Chloroquine ,Erythromycin)

Atypical antipsychotics (Risperidone, Quetiapine, Olanzapine):

Mechanism of action
e Blocks the 5-HT2 receptor

Dosing
e Qeutiapine:12.5-25mg PO/NG twice a day plus 12.5-25mg PRN, can be titrated to a
maximum of 200mg/day in divided doses
e Olanzapine: 2.5-5mg PO/NG at night plus 2.5-5mg bd PRN as a starting dose, can be
titrated to10mg bd and to a maximum dose of 30mg per day
e Risperidone: 1-3mg PO/NG twice a day, can be titrated to a maximum of 16mg per day
Advantages
e Less extrapyramidal side effects when compared to Haloperidol.

Disadvantages and side effects.
¢ Orthostatic hypotension
e Sedating effect
e Oral route of administration

SPECIAL POPULATION GROUP:

Sedation for the mechanically ventilated patient with COVID-19 associated ARDS. (55-
57)

Challenges and Considerations:

1.  Evidence based sedation guidelines are currently not available for managing sedation in
the critically ill patient with covid-19 associated acute respiratory distress
syndrome(ARDS)requiring mechanical ventilation.(56)

2. High sedation requirements:
Patients with COVID-19 ARDS have been observed to require high sedation
requirements resulting in the need to administer multiple combinations of sedating agents
in order to achieve an adequate level of sedation aimed at keeping the patient comfortable
and maintaining ventilator synchrony. This increases the risk for the potential side effects
of the sedating drugs in use.
Commonly used sedation drug combinations are propofol, ketamine ,morphine,
dexmedetomidine and midazolam.(55)
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Deep sedation with or without neuromuscular blocking agents:

Critically ill mechanically ventilated patients with severe ARDS due to COVID-19 require
deep sedation to facilitate improving pulmonary compliance by achieving ventilator
synchrony. Deep sedation may also be advocated to avoid self extubations in these ICUs
which are usually under staffed due to a swamped health care system by the pandemic,
and to avoid increased exposure of staff to the corona virus that is associated with
emergency re-intubations. There is also a frequent need for the use of neuromuscular
blocking agents (NMBA) in this population group with the subsequent need for deep
sedation to prevent awareness. NMBA will also facilitate prone positioning and ventilation.
Daily sedation interruption strategy proves to be a very difficult task with high risk for
accidental extubation on the background of staff shortages.

Prolonged periods of sedation:

Prolonged sedation is usually required to facilitate lung protective ventilation or ECMO
followed by difficult and slow weaning from mechanical ventilation. Prolonged sedation
can be complicated by the following:

drug accumulation

tolerance

tachyphylaxis.

Psychomimetic side effects

Hyperalgesia

Opioid dependence

Delirium

Increased risk of PRIS

Challenges with monitoring level of sedation:

In the absence of the ability to monitor sedation levels in the deeply sedated and
paralyzed patient using a validated tool i.e. RASS and SAS scores, the use of objective
monitors of sedation may be advocated. The processed EEG (e.g. BIS monitor) can be
used.

However these monitors are not widely available especially in a resource limited setting
with an overwhelmed health care system across the globe from the pandemic. With no
available method of monitoring sedation depth, the risk of awareness and subsequent
psychological impact increases.

Prolonged high doses of opioid infusions:

This may lead to reduced gut motility and gastroparesis resulting in high risk for enteral
feed intolerance and malnutrition. Prolonged opioid use may also result in drug withdrawal
and tolerance issues.

Cost and drug shortages:

This occurs on the background of an already overwhelmed health care system. High
sedation requirements have led to increased amounts of sedative drug usage in ICUs
resulting in drug shortages and limited sedative drug choices. In some cases it has been
impossible to avoid benzodiazepines as they are easily accessible and cheap. Prolonged
benzodiazepine use as a continuous infusion is associated with increased delirium risk
and increased duration of mechanical ventilation. Alternatives to the commonly used
sedatives may need to be considered, e.g. volatile anaesthetics.
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THE ART OF SEDATION: A PRACTICE BASED APPROACH

Assess and treat pain
(multimodal approach)

A | NO
Is pain well controlled?

YES
¥ + Use specific therapeutic drugs such
N YES as barbiturates and/or epileptics for
Is there therapeutic indication . status epilepticus
for sedation? « Consider propofol and/or dexmedetomidine
to achieve sedation target
i J
REVIEW current conscious state and sedation level =1
hJ Y r
AGITATED AT TARGET OVERSEDATED
(RASS >+1) (RASS -1to +1) (RASS =-2)
v Y h 4
Is sedation required for safety? ASSESS delirium DE-ESCALATE
= (Cease benzodiazepine
= Wean off sedation
= Use low-dose
YES NO alternative
YES NO
CAM-ICU + CAM-ICU - * REVIEW
Y ) A
Selis NO additional
Dexmedetomidine dati
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* Non-pharmacological
measures

Continual reassessment

(GO BACK TO TOP OF CHART)

Figure 10:An integrated stepwise approach to multimodal sedation by Wong et al.(6)

Page 34 of 39



CONCLUSION

Providing sedation to critically ill adult patients in ICU plays an essential part of the holistic care
and management of the critically ill patient and has great impact on important ICU outcomes.
As we move more towards individualised and patient centred medical care, a one size fits all
approach to sedation is not justified. An analgesia first approach, targeting light sedation levels
and only providing deep sedation only when clinically indicated is an advocated approach
associated with good ICU outcomes. Providing sedation in ICU is an art that should be thought
through with multiple factors to consider. Available choices and cost of sedating agents are
important deciding factors in a resource limited setting like South Africa, a low to middle income
country where ICU facilities are a scarce resource with limited beds and a high demand for
these beds. Administering individualised, goal directed sedation might not fix this problem
entirely but has an important role to play in reducing oversedation and its associated side
effects, reducing mechanical ventilation days and ICU length of stay.

Adult sedation in ICU is an art and it does matter how you paint on this canvas.
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APPENDIX A

Reference:www.sccm.org(1)

CAM-ICU Worksheet

) - Check here
Feature 1: Acute Onset or Fluctuating Course Score 't Present
Is the pt different than hisfher baseline mental status?
OR Either
Has the patient had any fluctuation in mental status in the past 24 hours as | question Yes O
evidenced by fluctuation on a sedation scale (i.e., RASS), GCS, or previous >
delirium assessment?
Feature 2: Inattention
Letters Attention Test (See fraining manual for alternate Pictures)
Directions: Say to the patient, “f am going fo read you a series of 10 lefters.
Whenever you hear the letter ‘A, indicate by squeezing my hand.” Read Number of
letters from the following letter list in a normal tone 3 seconds apart. Errors >2 > O
SAVEAHAART
Emors are counted when patient fails to squeeze on the letter “A” and
when the patient squeezes on any letter other than “A.”
Feature 3: Altered Level of Consciousness
RASS
Present if the Actual RASS score is anything other than alert and calm (zero) | anything other O
than zero 2>
Feature 4:Disorganized Thinking
Yes/No Questions (See fraining manual for alternate set of questions)
1. Will a stone float on water?
2. Are there fish in the sea?
3. Does one pound weigh more than two pounds?
4. Can you use a hammer to pound a nail?
. . Combined
Emors are counted when the patient incorrectly answers a question. number of O
ct)mnd emrors >1 9
Say o patient: “Hold up this many fingers™ (Hold 2 fingers in front of patient)
“Now do the same thing with the other hand” (Do not repeat number of
fingers) If ptis unable to move both arms, for 2™ part of command ask patient to
“Add one more finger”
An ermror is counted if patient is unable to complete the entire command.
Criteria Met —> O
CAM-ICU
Overall CAM-ICU _Positive
(Delirium Present)
Feature 1 plus 2 and either 3 or 4 present = CAM-ICU positive | Criteria Not Met > O
CAM-ICU
Negative
(No Delirium)

Copyright © 2002, E. Wesley Ely, MD, MPH and Vanderbilt University, all rights reserved
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APPENDIX B

Reference:www.sccm.org(1)

Intensive Care Delirium Screening Checklist {ICDSC)

1. Altered level of consciousness. Choose one from A to E

A. Exaggerated response to normal stimulation SAS=5,6,7 or RASS = +1 to +4 (1 point)

B. Normal wakefulness SAS=4 orRASS =0 (0 points)

C. Response to mild or moderate stimulation (follows commands) SAS =3 or RASS =-1t0 -3 (1 point)

D. Response only to intense and repeated stimulation (e.g, loud voice and pain) SAS =2 or RASS =-4 Stop assessment?
E. No response SAS=1or RASS =-5 Stop assessment®

2. Inattention (1 point if any present)
A. Difficulty in following commands or
B. Easily distracted by external stimuli or
C. Difficulty in shifting focus

Does the patient follow you with their eyes?

3. Disorientation (1 point for any abnormality}
A. Mistake in either time, place, or person

Does the patient recognize ICU caregivers who have cared for him/her and not recognize those who have not? What kind of
place are you in? (list examples)

4. Hallucinations or delusions (1 point for either)

A. Equivocal evidence of hallucinations or a behavior due to hallucinations (hallucination = perception of something that is not
there with no stimulus) or

B. Delusions or gross impairment of reality testing (delusion = false belief that is fixed/unchanging)

Any hallucinations now or over past 24 hr? Are you afraid of the people or things around you? (fear that is inappropriate to the
clinical situation)

5. Psychomotor agitation or retardation (1 point for either)

A. Hyperactivity requiring the use of additional sedative drugs or restraints in order to control potential danger
(e.g, pulling IV catheters out or hitting staff) or

B. Hypoactive or clinically noticeable psychomotor slowing or retardation

Based on documentation and observation over shift by primary caregiver

6. Inappropriate speech or mood (1 point for either)
A. Inappropriate, disorganized, or incoherent speech or
B. Inappropriate mood related to events or situation
Is the patient apathetic to current clinical situation (i.e., lack of emotion)?

Any gross abnormalities in speech or mood? Is patient inappropriately demanding ?

7. Sleep/wake cycle disturbance (1 point for any abnormality)
A. Sleeping < 4 hr at night or
B. Waking frequently at night (do not include wakefulness initiated by medical staff or loud environment) or
C. Sleep = 4 hr during day

Based on primary caregiver assessment

8. Symptom fluctuation (1 point for any)
Fluctuation of any of the above items (i.e,, 1-7) over 24 hr (e.g., from one shift to another)
Based on primary caregiver assessment

Total Intensive Care Delirium Screening Checklist score (add 1-8)

"Delirium assessment can not be completed in patients who are stuporous or comatose.
SAS = Riker Sedation-Agitation Scale, RASS = Richmond Agitation-Sedation Scale.

Modified from Devlin JW, Marquis F, Riker RR, et al: Combined didactic and scenario-based education improves the ability of intensive care unit staff to
recognize delirium at the bedside. Crit Care 2008; 12:R19.

Page 37 of 39



REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.
27.

28.

20.

Medicine SoCC. ICU Liberation Bundle (A-F) https://www.sccm.org/ICULiberation/Home/ABCDEF-Bundles:
Society of Critical Care Medicine; 2018 [

Devlin JW, Skrobik Y, Gélinas C, Needham DM, Slooter AJ, 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. Critical care medicine. 2018;46(9):e825-e73.

Rowe K, Fletcher S. Sedation in the intensive care unit. Continuing Education in Anaesthesia, Critical Care &
Pain. 2008;8(2):50-5.

Murray MJ, Cowen J, DeBlock H, Erstad B, Gray Jr AW, Tescher AN, et al. Clinical practice guidelines for
sustained neuromuscular blockade in the adult critically ill patient. Critical care medicine. 2002;30(1):142-56.
Barr J, Fraser GL, Puntillo K, Ely EW, Gélinas C, Dasta JF, et al. Clinical practice guidelines for the
management of pain, agitation, and delirium in adult patients in the intensive care unit. Critical care medicine.
2013;41(1):263-306.

Wong IM, Thangavelautham S, Loh SC, Ng SY, Murfin B, Shehabi Y. Sedation and Delirium in the Intensive
Care Unit-A Practice-Based Approach. Annals of the Academy of Medicine, Singapore. 2020;49(4):215-25.
Watson BD, Kane-Gill SL. Sedation assessment in critically ill adults: 2001-2004 update. Annals of
Pharmacotherapy. 2004;38(11):1898-906.

Sessler CN, Gosnell MS, Grap MJ, Brophy GM, O'Neal PV, Keane KA, et al. The Richmond Agitation—Sedation
Scale: validity and reliability in adult intensive care unit patients. American journal of respiratory and critical
care medicine. 2002;166(10):1338-44.

Riker RR, Picard JT, Fraser GL. Prospective evaluation of the Sedation-Agitation Scale for adult critically ill
patients. Critical care medicine. 1999;27(7):1325-9.

Khan BA, Guzman O, Campbell NL, Walroth T, Tricker JL, Hui SL, et al. Comparison and agreement between
the Richmond Agitation-Sedation Scale and the Riker Sedation-Agitation Scale in evaluating patients' eligibility
for delirium assessment in the ICU. Chest. 2012;142(1):48-54.

Devlin JW, Fraser GL, Kanji S, Riker RR. Sedation assessment in critically ill adults. Annals of
Pharmacotherapy. 2001;35(12):1624-32.

Strom T, Martinussen T, Toft P. A protocol of no sedation for critically ill patients receiving mechanical
ventilation: a randomised trial. The Lancet. 2010;375(9713):475-80.

Olsen HT, Nedergaard HK, Strem T, Oxlund J, Wian K-A, Ytrebg LM, et al. Nonsedation or light sedation in
critically ill, mechanically ventilated patients. New England Journal of Medicine. 2020;382(12):1103-11.
Nedergaard HK, Jensen HI, Stylsvig M, Olsen HT, Stream T, Toft P. Effect of non-sedation on post-traumatic
stress and psychological health in survivors of critical illness—A substudy of the NONSEDA randomized trial.
Acta Anaesthesiologica Scandinavica. 2020;64(8):1136-43.

Pathmanathan N, McClure J. Sedation and delirium in the intensive care unit. Anaesthesia & Intensive Care
Medicine. 2016;17(1):17-23.

Mehta S, Burry L, Cook D, Fergusson D, Steinberg M, Granton J, et al. Daily sedation interruption in
mechanically ventilated critically ill patients cared for with a sedation protocol: a randomized controlled trial.
Jama. 2012;308(19):1985-92.

Ostermann ME, Keenan SP, Seiferling RA, Sibbald WJ. Sedation in the intensive care unit: a systematic
review. Jama. 2000;283(11):1451-9.
Pharmacokineticshttps://derangedphysiology.com/main/cicm-primary-exam/required-
reading/pharmacokinetics/Chapter%204.0.1/maintenance-dose-and-loading-dose: Deranged Physiology;
29/06/2015 [updated 26/11/2017.

Kumar DR. Context sensetive half-time https://rk.md/2017/context-sensitive-half-time/May 2017 |

Wagner B, O’Hara DA. Pharmacokinetics and pharmacodynamics of sedatives and analgesics in the treatment
of agitated critically ill patients. Clinical pharmacokinetics. 1997;33(6):426-53.

Power BM, Forbes AM, van Heerden PV, llett KF. Pharmacokinetics of drugs used in critically ill adults. Clinical
pharmacokinetics. 1998;34(1):25-56.

Roberts DJ, Haroon B, Hall RI. Sedation for critically ill or injured adults in the intensive care unit. Drugs.
2012;72(14):1881-916.

Nickson C. Pharmacology and critical illness Life in the fastlane: https://litfl.com ; 2020 [

Noeth I. Intravenous induction agents. In: Analee Milner EW, editor. Applied Pharmacology in Anaesthesiology
and Critical Care. Intrepid Printers,Pietermaritzburg: Medpharm publications (PTY) LTD; 2012. p. 417-45.
Loh N-HW, Nair P. Propofol infusion syndrome. Continuing Education in Anaesthesia, Critical Care & Pain.
2013;13(6):200-2.

Kam P, Cardone D. Propofol infusion syndrome. Anaesthesia. 2007;62(7):690-701.

Zaal IJ, Devlin JW, Hazelbag M, Klouwenberg PMK, van der Kooi AW, Ong DS, et al. Benzodiazepine-
associated delirium in critically ill adults. Intensive care medicine. 2015;41(12):2130-7.

Scott-Warren V, Sebastian J. Dexmedetomidine: its use in intensive care medicine and anaesthesia. Bja
Education. 2016;16(7):242-6.

Amer GF. Sedation of mechanically ventilated patients in intensive care units: Dexemedetomidine versus
ketofol. Research and Opinion in Anesthesia and Intensive Care. 2020;7(2):182.

Page 38 of 39


https://derangedphysiology.com/main/cicm-primary-exam/required-reading/pharmacokinetics/Chapter%204.0.1/maintenance-dose-and-loading-dose
https://derangedphysiology.com/main/cicm-primary-exam/required-reading/pharmacokinetics/Chapter%204.0.1/maintenance-dose-and-loading-dose
https://rk.md/2017/context-sensitive-half-time/May
https://litfl.com/

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Amornyotin S. Ketofol: a combination of ketamine and propofol. J Anesth Crit Care Open Access.
2014;1(5):00031.

Beeton DA. Sedation: Is it getting easier? Part Il Anasethesia Refresher Course; University of Cape town2011.
p. 26-5.

Soukup J, Scharff K, Kubosch K, Pohl C, Bomplitz M, Kompardt J. State of the art: sedation concepts with
volatile anesthetics in critically Il patients. Journal of critical care. 2009;24(4):535-44.

Meiser A, Laubenthal H. Inhalational anaesthetics in the ICU: theory and practice of inhalational sedation in
the ICU, economics, risk-benefit. Best Practice & Research Clinical Anaesthesiology. 2005;19(3):523-38.
Welch E. Inhalational agents. In: Analee Milner EW, editor. Applied Pharmacology in Anaesthesiology and
Critical Care. Intrepid Printers,Pietetmaritzburg: Medpharm Publications (PTY) LTD; 2012. p. 446-84.

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(5):489-99.

Jakob SM, Ruokonen E, Grounds RM, Sarapohja T, Garratt C, Pocock SJ, et al. Dexmedetomidine vs
midazolam or propofol for sedation during prolonged mechanical ventilation: two randomized controlled trials.
Jama. 2012;307(11):1151-60.

Marra A, Frimpong K, Ely EW. The ABCDEF implementation bundle. Korean Journal of Critical Care Medicine.
2016;31(3):181-93.

Pun BT, Balas MC, Barnes-Daly MA, Thompson JL, Aldrich JM, Barr J, et al. Caring for critically ill patients
with the ABCDEF bundle: results of the ICU liberation collaborative in over 15,000 adults. Critical care
medicine. 2019;47(1):3.

Chooi C, White A, Tan S, Dowling K, Cyna A. Pain vs comfort scores after Caesarean section: a randomized
trial. British journal of anaesthesia. 2013;110(5):780-7.

Lee JH. The effects of music on pain: a meta-analysis. Journal of music therapy. 2016;53(4):430-77.
Rampes S, Ma K, Divecha YA, Alam A, Ma D. Postoperative sleep disorders and their potential impacts on
surgical outcomes. Journal of Biomedical Research. 2020;34(4):271.

Burry L, Rose L, Ricou B. Physical restraint: time to let go. Intensive care medicine. 2018;44(8):1296-8.
Maccioli GA, Dorman T, Brown BR, Mazuski JE, McLean BA, Kuszaj JM, et al. Clinical practice guidelines for
the maintenance of patient physical safety in the intensive care unit: use of restraining therapies—American
College of Critical Care Medicine Task Force 2001-2002. Critical care medicine. 2003;31(11):2665-76.

Rose L, Burry L, Mallick R, Luk E, Cook D, Fergusson D, et al. Prevalence, risk factors, and outcomes
associated with physical restraint use in mechanically ventilated adults. Journal of critical care. 2016;31(1):31-
5.

Benbenbishty J, Adam S, Endacott R. Physical restraint use in intensive care units across Europe: the PRICE
study. Intensive and Critical Care Nursing. 2010;26(5):241-5.

Langley G, Schmollgruber S, Egan A. Restraints in intensive care units—a mixed method study. Intensive and
Critical Care Nursing. 2011;27(2):67-75.

Meagher DJ, Morandi A, Inouye SK, Ely W, Adamis D, Maclullich AJ, et al. Concordance between DSM-IV
and DSM-5 criteria for delirium diagnosis in a pooled database of 768 prospectively evaluated patients using
the delirium rating scale-revised-98. BMC medicine. 2014;12(1):1-10.

Krewulak KD, Stelfox HT, Leigh JP, Ely EW, Fiest KM. Incidence and prevalence of delirium subtypes in an
adult ICU: a systematic review and meta-analysis. Critical care medicine. 2018;46(12):2029-35.

Mehta S, Cook D, Devlin JW, Skrobik Y, Meade M, Fergusson D, et al. Prevalence, risk factors, and outcomes
of delirium in mechanically ventilated adults. Critical care medicine. 2015;43(3):557-66.

Paddick S-M, Kalaria R, Mukaetova-Ladinska E. The prevalence and clinical manifestations of delirium in sub-
Saharan Africa: A systematic review with inferences. Journal of the neurological sciences. 2015;348(1-2):6-
17.

van den Boogaard M, Slooter A. Delirium in critically ill patients: current knowledge and future perspectives.
Bja Education. 2019;19(12):398-404.

Zaal IJ, Devlin JW, Peelen LM, Slooter AJ. A systematic review of risk factors for delirium in the ICU. Critical
care medicine. 2015;43(1):40-7.

Bounds M, Kram S, Speroni KG, Brice K, Luschinski MA, Harte S, et al. Effect of ABCDE bundle
implementation on prevalence of delirium in intensive care unit patients. American Journal of Critical Care.
2016;25(6):535-44.

Girard TD, Exline MC, Carson SS, Hough CL, Rock P, Gong MN, et al. Haloperidol and ziprasidone for
treatment of delirium in critical illness. New England Journal of Medicine. 2018;379(26):2506-16.

Hanidziar D, Bittner EA. Sedation of mechanically ventilated COVID-19 patients: challenges and special
considerations. Anesthesia and analgesia. 2020.

Adams CD, Altshuler J, Barlow BL, Dixit D, Droege CA, Effendi MK, et al. Analgesia and Sedation Strategies
in Mechanically Ventilated Adults with COVID-19. Pharmacotherapy: The Journal of Human Pharmacology
and Drug Therapy. 2020.

Payen J-F, Chanques G, Futier E, Velly L, Jaber S, Constantin J-M. Sedation for critically ill patients with
COVID-19: Which specificities? One size does not fit all. Anaesthesia Critical Care & Pain Medicine.
2020;39(3):341-3.

Page 39 of 39



	INTRODUCTION
	LIGHT VS DEEP SEDATION
	INDICATIONS FOR DEEP SEDATION
	ASSESSING DEPTH OF SEDATION
	The Richmond Agitation and Sedation Scale
	The Riker Sedation-Agitation Scale
	Objective Sedation monitoring: Bispectral index (BIS)

	A. PHARMACOLOGICAL SEDATION
	Analgesia Based Sedation:
	Basic Pharmacokinetics related to sedative administration
	Environmental factors:

	Physical restraints:
	THE ART OF SEDATION: A PRACTICE BASED APPROACH
	CONCLUSION
	APPENDIX A
	Reference:www.sccm.org(1)
	APPENDIX B
	REFERENCES

