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Pain-Agitation-Delirium Important

o Pain affects cardiac instability, respiratory compromise, and immunosuppression
o Poor ICU outcome

o Agitation is frequently associated with elevated anxiety, prolonged mechanically
ventilated, and agitation-related harm

o Increased morbidity

o Delirium is associated with worse mortality, morbidity, and prolonged
mechanically ventilated, and much higher ICU and hospital LOS and costs

Clinical Practice Guidelines for the Prevention and

Management of Pain, Agitation/Sedation, Delirium,
Immobility, and Sleep Disruption in Adult Patients
in the ICU



Immobility-Sleep Disruption Important

o Immobility significantly worsen the muscle strength at ICU discharge

o Prolong mechanical ventilation use

o Sleep Disruption induce emotional distress
o Delirium
o Prolong mechanical ventilation use
o Immune function

o Neurocognitive dysfunction

Clinical Practice Guidelines for the Prevention and
Management of Pain, Agitation/Sedation, Delirium,
Immobility, and Sleep Disruption in Adult Patients

in the ICU
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Figure 1. Causes and Interactions of Pain, Agitation, and Delirium.

Drugs and other treatments for pain, agitation, and delirium form an “ICU triad” cognitive management analogous
to the “triad of anesthesia,” which highlights interactions among hypnotics, analgesics, and muscle relaxants to en-
courage balanced anesthesia. The “ICU triad” concept highlights that changing one element is unlikely to be as ef-
fective as a coordinated approach.




Complication

Ventilation




oComfort
oOrientated
cEarly mobilized

cNormal sleep-wake pattern

Clinical Practice Guidelines for the Prevention an
Management of Pain, Agitation/Sedation, Delirium,

Immobility, and Sleep Disruption in Adult Patients
in the ICU






Difficult Approach

o Individualized

o Complex and many origins

o Poorly recognized and interpreted
o Imperfect protocol

o No medication with balanced benefits versus risks

Clinical Practice Guidelines for the Prevention and

Management of Pain, Agitation/Sedation, Delirium,
Immobility, and Sleep Disruption in Adult Patients
in the ICU



Protocol-Based Assessment/Management

o Routine assessment
o Treated before sedative agent

o Assessment-driven, protocol-based, stepwise approach

o Analgesia-first sedation

ocAnalgesia-based sedation

Clinical Practice Guidelines for the Prevention and

Management of Pain, Agitation/Sedation, Delirium,
Immobility, and Sleep Disruption in Adult Patients
in the ICU
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o Medication
o Non-neuropathic pain
o IV opioids as 1%-line
o Neuropathic pain
o IV Opioids+enteral gabapentin/carbamazepine
o HLA-B 1502 screening for carbamazepine

o Non-opioid analgesics as adjuvant

o Delivery route




Table 1. Sedatives and Analgesics in Common Use in the ICU.*

Drug (Brand Name) Mechanism of Action

Typical Adult Dose

Remifentanil (Ultiva) u-Opioid agonist (also
with k-opioid agonist

effects)

0.5 to 2 pg/kg/min; loading
dose of 0.4 to 0.8 pg/kg
may be considered

20 to 100 pig/hr; loading
dose of 50 to 100 ug
may be considered

Fentanyl (Sublimaze) u-Opioid agonist (also
with k-opioid agonist

effects)
Morphine (Roxanol;

u-Opioid agonist (also 1 to 5 mg/hr; loading dose

Duramorph) with k-opioid and of 2to 5 mg may be
S-opioid agonist considered
effects)
Hydromorphone u-Opioid agonist (also 0.5 to 2 mg/hr; loading
(Dilaudid) with k-opioid and dose of 0.4to 1.5 mg

d-opioid agonist
effects)

may be considered

Pharmacokinetic Properties Adverse Effects

Half-life, 3 to 4 min; does not accumulate with
prolonged infusion; metabolized by plasma
esterases and so is unaffected by organ function

Nausea, constipation, respiratory depression,
bradycardia

Half-life, 1.5 to 6 hr; highly fat soluble, so rapid onset Nausea, constipation, respiratory depression,
but accumulates with prolonged infusion; metab- skeletal-muscle rigidity with high bolus
olized by hepatic oxidation; no active metabolites doses

Half-life, 3 to 7 hr; more water soluble, so slower
onset than fentanyl with less accumulation;
metabolized by hepatic glucuronidation to
morphine-6-glucuronide (10%) (20 times as
active as parent drug) and morphine-3-glucuronide
(90%) (inactive as an analgesic but causes neuro-
excitation, at least in animal models), both with
renal excretion

Nausea, constipation, respiratory depression,
histamine release and consequent vaso-
dilatation and hypotension, itch

Half-life, 1.5 to 3.5 hr; 7 to 11 times as potent as
morphine; metabolized by hepatic glucuroni-
dation to hydromorphone-3-glucuronide, with
effects similar to those of morphine-3-
glucuronide

Nausea, constipation, respiratory depression




Fentanyl

o u-opioid agonist
o Dose: loading 50-100mcg, keep 20-100mcg/hr
o Rapid onset, half-life: 1.5-6hr

o Metabolized by the liver, no active metabolites
o Highly fat soluble, accumulates with prolonged infusion

o Nausea, constipation, respiratory depression




Morphine

o u-opioid agonist
o Dose: loading 2 - S mg, keep 1-Smg/hr
o Slower onset, half-life: 3-7hr

o Metabolized by the liver, with active metabolites (excreted through Kidney)
o Water soluble, so slower onset and less accumulation than Fentanyl

o Nausea, constipation, respiratory depression




Add-On

° Rest
o Acetaminophen
o Nefopam
o Ketamine- low dose in surgical patient
o Nneuropathic pain medication- neuropathic pain management
conditionally used on post CVS surgery

o Procedural
o Opioid- lowest effective dose
o NSAID by all routes- discrete and infrequent procedures

Clinical Practice Guidelines for the Prevention and

Management of Pain, Agitation/Sedation, Delirium,
Immobility, and Sleep Disruption in Adult Patients
in the ICU
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c Massage
o Music- rest and procedural

o Cold therapy- procedural

o Relaxation techniques- procedural

Clinical Practice Guidelines for the Prevention and
Management of Pain, Agitation/Sedation, Delirium,

Immobility, and Sleep Disruption in Adult Patients
in the ICU



AGITATION




Sedation Consideration

o Light level sedation unless contraindicated
o Improved outcome

o Daily Sedation Interruption(DSIs)
o NP-targeted sedation

oSuggest analgosedation
cNon-BZD based regimen recommended

Clinical Practice Guidelines for the Prevention an
Management of Pain, Agitation/Sedation, Delirium,

Immobility, and Sleep Disruption in Adult Patients
in the ICU
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Rapid onset and offset

Minimal respiratory depression

No effect on cardiovascular function

Inactive metabolites or lack of metabolites

Metabolism and elimination not dependent on hepatic function
Metabolism and elimination not dependent on renal function
No drug interactions

No pain on injection

No associated tolerance or withdrawal

Amnestic

VvV VvV vV VvV VvV VvV VvV VvV vV v VY

Inexpensive

Clinical Practice Guidelines for the Prevention and
Management of Pain, Agitation/Sedation, Delirium,
Immobility, and Sleep Disruption in Adult Patients

in the ICU



Table 1. Sedatives and Analgesics in Common Use in the ICU.*

Drug (Brand Name)
Midazolam (Versed)

Lorazepam (Ativan)

Diazepam (Valium;
Diazemuls)

Propofol (Diprivan)

Dexmedetomidine
(Precedex)

Mechanism of Action
GABA, agonist

Typical Adult Dose

Bolus, 1to 5 mg; infusion,
1to 5 mg/hr

Bolus, 1 to 4 mg; infusion,
1to 5 mg/hr

GABA, agonist

GABA, agonist Bolus, 1to 5 mg

GABA, agonist, with other 50 to 200 mg/hr or
effects, including on 1to 3 mg/kg/hr
glutamate and canna-
binoid receptors

a,-Agonist 0.2to 1.5 pg/kg/hr

Pharmacokinetic Properties

Half-life, 3 to 11 hr; active metabolite accumulates
with prolonged infusion; metabolized by hepatic
oxidation, with renal excretion of active metabolite

Slower onset (5 to 20 min) than that of midazolam or
diazepam (2 to 5 min); half-life, 8 to 15 hr; metab-
olized by hepatic glucuronidation, with no active
metabolites, so offset may be more predictable
than that of midazolam in critical illness

Half-life, 20 to 120 hr; metabolized by hepatic
desmethylation and hydroxylation; active
metabolite accumulates in renal failure

Half-life, 30 to 60 min after infusion; longer after
prolonged infusion because of redistribution
from fat stores; metabolized by hepatic glucu-
ronidation and hydroxylation

Half-life, 2 hr; does not accumulate with prolonged
infusion; metabolized by hepatic glucuronida-
tion and oxidation, with no active metabolites

Adverse Effects

Possibly a higher risk of delirium and
tolerance than with certain other sedatives

Possibly a higher risk of delirium and
tolerance than with certain other sedatives

Poorly soluble in water, so prolonged peripheral
intravenous infusion may cause phlebitis;
possibly a higher risk of delirium and
tolerance than certain other sedatives

Vasodilatation or negative inotropy causing
hypotension or bradycardia; propofol
infusion syndrome (lactic acidosis,
arrhythmia, and cardiac arrest), mostly
associated with prolonged infusion rates
of >4 to 5 mg/kg/hr; hypertriglyceridemia;
pancreatitis

Transient hypertension, then hypotension;
bradycardia, dry mouth, nausea




Midazolam

o GABA agonist

o Dose: Bolus 1-Smg IVP; infusion: 1-10mg/hr
o Onset: 2-3 minutes

o Half-life: 3 — 11 hr (accumulates in fat)

o Active metabolite accumulates with prolonged infusion
o Metabolized by hepatic oxidation, with renal excretion of active metabolite
o Reversed with Flumazenil

o Obese (high lipid soluble) or patients with reduced serum albumin levels have prolonged
sedative effect

o Possibly higher risk of delirium and tolerance




Propofol

o GABA agonist
o Dose: 20-100mcg/kg/hr
o Onset: 1-2 minutes

o Half-life: 30-60 minutes, longer after prolonged infusion because of redistribution from
fat stores

o Metabolized by the liver
o Vasodilatation or negative inotropy causing hypotension or bradycardia

° 10% lipid emulsion provides 1.1kcal/ml




Dexmedetomidine

o Alpha-2 agonist

o Dose: 0.2 — 1.5mcg/kg/hr
o Onset: 6-10 min

o Half-life: 2hrs

o Metabolized by liver, no active metabolites

o Does not accumulate with prolonged infusion
o Transient hypertension, then hypotension

o Does not cause respiratory depression

o Analgesic effects




Which Best

o Propofol or Benzodiazepines in MV patients

o Propofol or Dexmedetomidine over Benzodiazepines
o Propopfol or Dexmedetomidine might be better
o Monitor TG when > 2 days
o Calories from Propofol
o Bradycardia and Hypotension

o Propofol or Dexmedetomidine
o Favor Dexmedetomidine




Other Tools Available

c Objective measures in non-comatose patients
o Auditory evoked potentials
o Bispectral index- best suited for sedative titration during deep sedation or NMBAs
o Narcotrend index
o Patient state index
o State entropy

c Objective measures can’t substitute subjective sedation scoring

& B RA DR B R AT~ BB TR
#7153 (Taiwan PAD)



BIS Index- a Scale correlate to EEG

o BIS Index: dimensionless number from 0 to 100 scaled correlate to EEG

Awake
Responds to normal voice
Q
@ : : @
o Light/Moderate Sedation %
Q May respond to loud commands or mild prodding/shaking [
=
]
>
%0 General Anesthesia o A o'l .~ (5]
9= — Low probability of explicit recall ~
_8 — Unresponsive to verbal stimulus Dot ‘
(= |
@] [ v §
= Deep Hypnotic State
=
) :
o Burst Suppression

Flatline EEG

Bispectral Index-BIS




Time to Paralysis

o Indications for continuous deep sedation or even paralysis
o Intracranial hypertension
o Severe respiratory failure
o Refractory status epilepticus
o Prevention of awareness in patients treated with NMBAs

& RA D B AT~ BBy Ae sk o BE R
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EEG based Patient State Index(PSI)

o PSI: proprietary computed EEG variable that is related to the effect of
anesthetic agents

o Suppression Ratio(SR): the suppression of the electrical activity of the
frontal and pre-frontal cortex of the brain as a percentage of time

o Asymmetry(Asym): difference in brain activity between the L’t and R’t
c EMG: the detected muscle activity

HIRRGF S FRp AL ELE
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Neuro Muscular Transmission(NMT) Measurement

o Train-Of-Four Stimulation mode(TOF)
HHFRGFE SRR AL YR

Depolarizing Block
(Succinylcholine)

Normal Responses Nondepolarizing Block Phase | Phase Il
(No drugs present)

M\ |
I 1| I
| Tl = TOF ratio TOF <0

Train of four
Constant but
. i Fade Fade
at (2 HZ) diminished

Common TOF Guidelines:

TOF 0.15-0.25: indicates adequate surgical relaxation
TOF >0.9: needed for safe extubation & recovery after surgery
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o Acute change in global cognitive function affecting attention, arousal,
orientation, or perception

o Worsen prognosis of ICU patients
o Prolong ICU stay
o Influences subsequent cognitive dysfunction outside ICU

o Encourage monitoring ICU patients for symptoms of delirium with
an objective instrument

Clinical Practice Guidelines for the Prevention and

Management of Pain, Agitation/Sedation, Delirium,
Immobility, and Sleep Disruption in Adult Patients
in the ICU



o 1/3 patients > 70 y/o admitted to hospital
% 50% delirious on admission
% 50% develops delirium in the hospital

o Postoperative delirium among seniors:
%k elective surgery: 15-25%
% high risk procedures (hip Frx and CVS): > 50%

o ICU: may > 75%
o End of life: as high as 85%




Risk Factors for Delirium 1in ICU

o Pre-existing Dementia or cognitive impairment
o High Severity of illness on admission

o Sedative-induced and multifactorial coma

o Old age

o History of Alcohol or Drug abuse

& BRI IR G R AFTR ~ R FE TR
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- Average | () additional days in hospital
- Higher costs of care

- Increased mortality

- Long-term cognitive impairment

- Requirement for chronic care facility

- Decreased functional status at 6 months

After Hospital
Discharge

- Increased mortality
ICU/Hospital St . .
i el -3x greater re-intubation rate
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o Medications: Quetiapine (recommended), haloperidol, risperidone

o Bring familiar objects (glasses, hearing aids, clockers, calendars, photos of
families and friends)

o Regular reorientation of the patient by a familiar person
o Room with natural lights and restore normal sleep-wake cycle
o Recommend early mobilization whenever feasible

Clinical Practice Guidelines for the Prevention and

Management of Pain, Agitation/Sedation, Delirium,
Immobility, and Sleep Disruption in Adult Patients
in the ICU



=1
/"——"

*’”/r’,\

Antipsychotics ¥ & - B>

o yo i% = Deliriumz. i #]

o Review medication (g -> 2-

o R R/FIFE 2P
o FERARDFR A R/EL LG =
o F Rtk T B (% BcF PE4E/ P g/ 7 AR?/music)

(¢]
w4
L

& & % Z/anticholinergics)

and 3% H % > R

T R PER S (RWE R &l A kAR

°xsz’§}?’v"‘}7)l<« w308 RER/R Y EE/H E3E
o FJf % Delirium4p i /3 O RA FH
o F ¥ ¥ R/ KkAA /O,

o AL A /E A

#esr B (R RE)

& B R A D T B R AR
#7153 (Taiwan PAD)

R Ak B R



o Recommend early mobilization whenever feasible to reduce
delirium

ocNot suggested: prevention with haloperidol or atypical
antipsychotics

o Not recommended: treatment with Dexmedetomidine

o no evidence?

& B RA DR B R AT~ BB TR
#7153 (Taiwan PAD)



IR

—

Tk

o Dexmedetomidine for delirium in mechanically ventilated adults where
agitation is precluding weaning/extubation

o Multicomponent, nonpharmacologic intervention that is focused on (but
not limited to) reducing modifiable risk factors for delirium, improving
cognition, and optimizing sleep, mobility, hearing, and vision

o Performing rehabilitation or mobilization in critically ill adults to optimize
functioning and reduce disability in individuals with a health condition

Clinical Practice Guidelines for the Prevention and

Management of Pain, Agitation/Sedation, Delirium,

Immobility, and Sleep Disruption in Adult Patients
in the ICU
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o Survivors long-term sequelae-ICU-acquired muscle weakness
(ICUAW)

o Occur in 25-50%

o Associated with survival, physical functioning, and quality of life

o Most important risk factor for ICUAW is bed rest

o Influence on ICUAW and impaired physical functioning
o Beneficial as a delirium management

o Participant effect on analgesic and sedation practices

Clinical Practice Guidelines for the Prevention and

Management of Pain, Agitation/Sedation, Delirium,
Immobility, and Sleep Disruption in Adult Patients
in the ICU



o Rehabilitation/mobilization:
o Significantly:
o Improve muscle strength at ICU discharge
o Reduce duration of mechanical ventilation

o Moderate but not significant:
o Improve health-related quality life in 2 Mons of discharge

o Adverse events incidence very low

Clinical Practice Guidelines for the Prevention and

Management of Pain, Agitation/Sedation, Delirium,

Immobility, and Sleep Disruption in Adult Patients
in the ICU



SLEEP DISRUPTION
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cCommon complaint

o Source of distress

o Characterized by
o Sleep fragmentation
o Abnormal circadian rhythms
o Increased light sleep
o Decreased slow-wave and REM sleep

Clinical Practice Guidelines for the Prevention and
Management of Pain, Agitation/Sedation, Delirium,
Immobility, and Sleep Disruption in Adult Patients

in the ICU



o Sleep-promoting multicomponent protocol suggested

o No preferred medication?

Clinical Practice Guidelines for the Prevention and

Management of Pain, Agitation/Sedation, Delirium,

Immobility, and Sleep Disruption in Adult Patients
in the ICU
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EPOC Strategies

o Cohort studies
o Mortality (risk ratio [RR] 1.01; 95% CI,
o Delirium (RR 0.92; 95% CI, 0.82—-1.03)
c MV duration (weighted mean difference
o ICU LOS (WMD -0.77 d; 95% CI, —1.51

o RCTs
o Reduced Mortality and MV duration
o No difference over Delirium or ICU LOS

-~ HHS Public Access
4 Author manuseript
Crit Car

uthor manuscript: available in PMC 2024 April 01

ublished in final edited form as:
Crit Care Med. 2024 April 01; 52(4): 626-636. doi:10.1097/CCM.0000000000006178.




| ICU Liberation

ICU Liberation is the overarching philosophy and practice directed at improving care by “liberating” ICU
patients from pain, oversedation, delirium, mechanical ventilation, immobility and isolation, as well as
from post-discharge sequelae that can be life-altering for many patients.

2018 Clinical Practice Guidelines for the Prevention and Management of Pain, Agitation/Sedation,
Delirium, Immobility, and Sleep Disruption in Adult Patients in the ICU (PADIS Guidelines)
The PADIS Guidelines provide a roadmap for developing integrated, evidence-based, and
patient-centered protocols which can be implemented through the
ICU Liberation Bundle.

Assess, Family
prevent, and Choice of Delirium: Early engagement and
manage pain PN TEL | Assess, prevent, mobility and empowerment

sedation and manage exercise

Famlly
Assess, prevent,
and manage pain engagement
e The ICU Sd snpomrmat
erstand pain
and find tools for Liberation Bundle Involving the family
its assessment, A in patient care
treatment, and Represents the can help patients
prevention Implementation strategy
used to provide each of the
recommendations in the
PADIS guidelines to every
ICU patient.

Both P
SAT and SBT
Use both
spontaneous
awakening trials
and spontaneous
breathing trials

Societyof FAY

Critical Care Medicine.

The Inteasive Cure Pratessionnbs

Implementation of the ICU Liberation Bundle is associated with:

« [eduction in
") hospital death
* within 7 days

decrease in next
@ day mechanical
e’ \entilation

reduction in

\ (ecrease in ~
@ nextday comas N\ J ﬂextda{ use of

physical restraints

@ decrease in ICU @ decrease in next
readmissions J day delirium

@ decrease in likelihood of being discharged to
Y nursing home and rehab facilities

Learn more about the ICU Liberation

Initiative at iculiberation.org. & LIBERATION

F 2020 Society of Critical Care Medicine The Socisly of Crical Care Medicne and SCOM wre regetared tademarks of the Socely of Critical Care Madicina




Physical Restraint

o Restrained associated with
o longer duration of ventilation (5.9 £ 8.2 vs. 0.36 = 1.4 days; p <.001)
o higher 28-day mortality (0.26 £ 0.45 vs. 0.07 £ 0.25, Z. = 6.86, p < .001)

o More in-hospital antipsychotic treatment (60 [23.2%] vs. 11 [2.8%], respectively; p <.001)
o Greater tendency for agitation(episodes of RASS> 0[1.7 £ 4.0 vs. 0.04 £ 0.27; p <.001])
o Severer agitation scores (max. RASS [0.19 + 1.6 vs. 0.01 £ 0.54, respectively; p <.001])




Dexmedetomidine

o

SE increased by 37.6% (29.7:45.6 95% CI) versus 3.7% (11.4;18.8 95% CI)(p <.001)
TST prolonged by 271 min(210;324 95% CI) versus 27 min(82;135 95% CI)(p <.001)

o

o

No difference in REM sleep, delirium physical activity, or RASS score

o

(DecatSepsis)Lower rescue Epinephrine usage

o

No clinical beneficial effect on Septic shock patient

o

(A2B RCT)Not superior to Propofol on weaning trial performance

o

RASS: -2 as outcomes cutting level
H_ oot ans | e e v | e e = s % CHESI

JAMA | Origral investigition | CARE HECRITALLY R PATINT . ' ) N S
D i dine- or Clonidine-Based Sedation Compared With Propofol  Sleep quality and quantity determined by polysomnography Dexmedetomidine for E\L’thxﬂ‘.f_{ Mortality ®omem £

Anaesthesia Care & Pain Medicine

in Critically lll Patients in mechanically ventilated critically ill patients randomized to in Patients With Septic Shock
The A28 Randomized Clinical Trial dexmedetomidine or placebo i f led Trial (I o Original Article

ol e e Effects of dexmedetomidine versus propofol on outcomes i
: edation det :
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1999

FDA approves
dexmedetomidi
ne for sedation

in ICU

v

2007

MENDS trial,
use of
dexmedetomidi
ne in ICU versus
lorazepam
demonstrates
lower incidence
of delirium

.

2008

FDA approves

dexmedetomidi

ne for surgical
procedures

7

.

S

.

2018

Dexmedetomidi
ne
reccomended
by PADIS
guidelines

reported similar

rate of death at
90 days using

dexmedetemod

S——e

ine vs other years with increased 90-
agents for dexmedetomidi day mortality in
sedation in ICU ne vs other younger
agents patients
. . L . . v

reported higher
mortality in
patients < 65

. ™ g ™ r ™
2021 2021
2019 Post hoc Bayesian
SPICE Il trial analysis of analysis of the
SPICE 11l SPICE Il trial

reported that
there is a high
probability of

Fig. 1 Timeline of key milestones in the use of dexmedetomidine in critically lll patients
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2022

European
Medicines
Agency
publishes a
warning
statement
regarding the
use of
dexmedetomidi
ne

( 2023 )

New Zealand
Medicines and
Medical Devices
Safety
Autorithy
publishes a
warning
statement
regarding the
use of
dexmedetomidi

~—

o Higher probability of 90-day mortality in aged < 65 years(OR 1.26, 95% CI 1.02-1.56) with a

98.5% probability of harm compared to usual care

\ ne J

o Sub-analysis of SPICE III explored that increasing the dexmedetomidine dose was associated with
elevated 90-day mortality in younger (age < 65 years) patients (median [IQR] dose, 0.54 [0.35-0.72]
vs. 0.44[0.27-0.64] ng/kg/h; p =0.001; HR 1.3, 95% CI 1.03-1.65, p = 0.029)

o Systematic review and meta-analysis of RCT evaluated the use of dexmedetomidine in patients with

sepsis reported a lower incidence of mortality associated with dexmedetomidine compared to any
other intervention (RR 0.83, 95% CI[0.69, 0.99])

CORRESPONDENCE

Use of dexmedetomidine in critical-ill

patients: is it time to look to the actual
evidence?

Critical Care



Ketamime

Analgesic Properties

Adjunct to Other Sedatives
Reduction in Opioid Use

Amnesic Effects

Reduced Need for
Anesthetists

Effective Sedation

Versatility in
Administration

@...............,............
Open Access Review Adticle College.

Exploring the Role of Ketamine Sedation in
Critically Ill Patients: A Comprehensive Review

Sountk Banik |, Sheetal Madavi '

wardha, IND




Ketamime

o Against using ketamine as monotherapy analgo-sedation in critically ill adults with iMV

o If other analgo-sedatives available

o Ketamine as an adjunct to non-ketamine usual care sedatives (e.g., opioids, propofol,
dexmedetomidine) or continuing with non-ketamine usual care sedatives alone

Critical Care and Resuscitation

B SPECIAL ARTICLE
Ketamine Analgo-sedation for Mechanically Ventilated
Critically lll Adults: A Rapid Practice Guideline from
the Saudi Critical Care Society and the Scandinavian
Society of Anesthesiology and Intensive Care
Medicine




Volatile sedation IV sedation
h SD_To

Hanafy 163 32 12 604 204 12 22 78, -32.42)

-44.10 [-55. 2t
Helstrom 2012 1§ 17 49 30 99 S50 234%  -1500[-17.79,.1221) .
Jorath 2015 136 101 67 215 174 74 120%  -80.00 [-126.44, -33.56] TR
Mesnil 2011 186 118 19 2602 1502 28 99% -24160[-29749.-18571) —
Rohm 2008 7 17 35 42 203 3B 20% -35.00 [-41.75, -28.25) -
Sackey 2004 10 8 20 110 132 20 95% -100.00 [-157.96, 42.04] —
Total (95% CI) 202 219 100.0%  -64.31 [-87.38, 41.24) &>

Hetorogeneity: Tau® = 589.70; Chi* = 121.83, df = 5 (P <0.00001); " = 96%
Test for overall effect: Z = 5.46 (P < 0.00001)

Fig.4 Forest plot of awakening time (min) in the volatile sedation and IV sedation groups

200 100 0 100 200

Favours Volatle sedaton Favours [V sedation

Volatile sedation IV sedation Mean Difference Mean Difference
I¥. Random. 95% Cl I¥. Random. 95% CI
Guerrero Oriach 2013 285 54 20 284 54 20 123% 11.00 [-22.47, 44.47) <=
Hanafy 2005 152 53 12 1201 303 12 128% -104.90 [122.30, -87.50] -
Hellstrom 2012 10 32 49 25 79 50 130%  -1500[-17.37,-1263 .
Jerath 2015 182 21 87 201 35 T4 130% -109.00 [-118.43, -90.57] .
Mesnil 2011 336 131 19 3261 3602 28 6.7% -292.50(-426.05,-158.95)
RShm 2008 215 92 35 1505 804 35 125% -129.00[-15581,-102.19] -
Sackey 2004 10 5 20 250 270 20 7.5% -240.00(-358.35, -121.65) A A
Soukup 2023 26 14 36 375 190 33 10.7% -349.00 [-413.99, -284.01) e
Wasowicz 2018 1721 1755 60 2196 1049 67 115% -47.50 [-98.52, 3.52] =
Total (95% CI) M8 339 100.0% -124.78 [-174.74, -74.81) -
Heterogeneity: Tau® = 4393.92; Chi* = 638.75, df = 8 (P < 0.00001); P = 99% 500 -2‘50 o z;o soo

Test for overall effect Z = 4.89 (P < 0.00001)

Fig.5 Forest plot of extubation time (min) in the volatile sedation and IV sedation groups

bgro

Favours Volatie sedation Favours IV sedation

Mean Difference

1.8.1 Cardiac ICU

Hanafy 2005 437 144 12 450 273 12 40%  -022[-1.97,1.53]
Marcos-Vidal 2014 184 126 62 192 13 67 182%  -0.08[0.52,0.36]
Marina 2012 2.96 2 36 317 28 37  7.6%  -0.21(1.34,0.92)
Rohm 2008 116 058 35 165 148 35 165%  -049[-1.02,0.04]
Steurer 2012 181 103 46 185 119 56 18.4%  -0.04 [-0.47,0.39)
Wasowicz 2018 69 3 60 68 27 67 9.1%  0.10[-0.90,1.10)

Subtotal (95% CI) 251 214 T37%  -0.16 [-0.40, 0.09)
Heterogeneity: Tau® = 0.00; Chi* = 2,20, df = § (P = 0.82); F = 0%
Test for overall effect: Z = 1.23 (P = 0.22)

1.8.2 Non-Cardiac ICU

Jabaudon 2016 18 3 25 23 6 25 19% -500[7.63,-2.37)
Mesnil 2011 10 7 19 12 8 28 07% -200[-6.32,2.32
Réhm 2009 129 086 64 162 191 61 165%  -0.33[-0.85,0.19)
Sackey 2008 65 1 17 8 2 12 69% -150[-273,027]
Soukup 2023 219 18 36 224 19 33 02%  -050[9.25,8.25)

Subtotal (95% CI) 161 159 263% -1.76[-3.37, 0.14)
Heterogeneity: Tau® = 1.79; Chi* = 14.16, df =4 (P = 0.007); P=72%
Test for overall effect: Z=2.13 (P = 0.03)

Total (95% CI) 412 433 100.0%  -0.39[-0.77, -0.01]
Heterogeneity: Tau® = 0.16; Chi* = 19.97, df = 10 (P = 0.03); P = 50%
Test for overall effect: Z = 2.00 (P = 0.05)
Test for subgroup differences: Chi* = 3.68. df = 1 (P = 0.06). P = 72.8%
Fig.6 Forest plot of ICU LOS (days) in the volatile sedation and IV sedation groups
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Use a validated ICU delisum tool denved from DSM critenia
(e.9. CAM-ICU, ICDSC)
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4 « -
At least minimum criterion met Notallbutatleast1 No delirium
indicating delirium present’ delifium criterion present | criterion present
1
+ ! {
; 1 dolii « > Differential di a8
possible
|
+
1.24/7 - Treat all potential delirium related f; eg. 24/7 EMERGENCY SITUATION
- ; : sepsis . ¢ Sceen for al possible predisposing
- comect abnormalites (i.e., hypo- and hypematremia) delirum factors
- stop or change psychoactive drugs, monitor B-lactam dosing Mnemonic use may help (e.g., Dr DRE)
- systematc biadder scan. assure patent's comfort, emply proxies - Disease remediation
- ensure regular bowsl movemant, nutrition, hydration - g:m
- orientate the patient in time, place and disease status - improvement
- support senses; visual and hearing aids, limit unnecessary noise 1
-
2. Mobilize the patient as soon as possible
-

3. Ensure familyfriends support for the patient if possible

- Give enough time for the comection +——— NO YES

of some factors (= be patient)
- Support team and proxies
- Rescreen regularly for

Coneider reintroduct

'of home treatment(s)
oioids

analgssa

Sleep induction, consider
dexmedetomidine
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manifestations, outcomes, and management
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Melatonin Control Std. Mean Difference

Std. Mean Difference

Test for overall effect: Z = 2.01 (P = 0.04)

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dianatkhah 2015 -2.5 3 66 -8 5.9 71 31.2% 1.16 [0.79, 1.52) —_—
Gandolfi 2020 69.7 21.4 96 60.7 26.3 96 33.1% 0.37 [0.09, 0.66] -

Wilbrow 2022 59 2.6 373 55 25 366 35.7% 0.16 [0.01, 0.30] .-

Total (95% CI) 535 533 100.0% 0.54 [0.01, 1.07] -
Heterogeneity: Tau? = 0.20; Chi* = 25.42, df = 2 (P < 0.00001); I’ = 92%

-1 -05 0 05 1
Favours Control Favours Melatonin

Heterogeneity: Tau? = 0.00; Chi* = 2.25, df = 5 (P = 0.81); I’ = 0%
Test for overall effect: Z = 0.34 (P = 0.74)

Std. Mean Difference
IV, Random, 95% CI

Control
SD Total Weight

Melatonin
Study or Subgroup Mean SD Total Mean

B Melatonin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Gandolfi 2020 66 2.2 102 6.4 2 101 14.9% 0.20[-0.38,0.78) —

Ibrahim 2016 4 1.1 14 4.1 14 18 6.7% -0.10[-0.97, 0.77]

Mistraletti 2015 45 1.9 41 43 18 41 7.8% 0.20[-0.60, 1.00] -
Nishikimi 2018 7.29 1.67 27 6.78 1.38 23 7.0% 0.51([-0.34, 1.36)

Owens 2022 6.65 0.85 50 6.68 0.93 47 39.6% -0.03([-0.39,0.33) .
Wilbrow 2022 3.8 29 373 3.9 34 366 24.0% -0.10([-0.56,0.36] L
Total (95% CI) 607 596 100.0% 0.04 [-0.18, 0.26]

-1 -05 0 05 1
Favours Control Favours Melatonin

Std. Mean Difference
IV, Random, 95% CI

Bellapart 2020 12.9 11.9 21 15.7 47.6 12 19.5%  -0.09 [-0.80, 0.62]
Nishikimi 2018 0.8 0.87 27 1.31 0.87 23 25.7% -0.58 [-1.15, -0.01]
Wilbrow 2022 -5.6 26 373 =57 25 366 54.9% 0.04 [-0.11, 0.18]
Total (95% CI) 421 401 100.0% -0.14 [-0.53, 0.24]

Heterogeneity: Tau? = 0.06; Chi? = 4.30, df = 2 (P = 0.12); I? = 54%
Test for overall effect: Z = 0.74 (P = 0.46)

i

=1 ~08 O 0.5 1
Favours Melatonin Favours Control

Melatonin

Critical Care Medicine

Figure 2. Forest plots of sleep outcomes. A, Perceived sleep quality (standard mean difference). B, Sleep quantity (total sleep time, hr).

C, Awakenings (standard mean difference). df = degrees of freedom.

Melatonin Use in the ICU: A Systematic
Review and Meta-Analysis



A

Test for overall effect: Z = 3.10 (P = 0.002)

Melatonin Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% ClI IV, Random, 95% ClI
Abbasi 2017 3 67 1 70 0.8% 3.13 [0.33, 29.39]
Bandyopadhyay 2024 16 54 25 54 8.9% 0.64 [0.39, 1.06] —aT
Bourne 2008 4 12 1 12 1.0%  4.00 [0.52, 30.76]
Burry 2025 10 46 4 24 3.3% 1.30 [0.46, 3.72] ——
Dianatkhah 2015 4 66 9 71 2.9% 0.48 [0.15, 1.48] [
Foreman 2015 1 6 1 6 0.7%  1.00[0.08, 12.56)
Gandolfi 2020 2 102 2 101 1.1% 0.99 [0.14, 6.89]
Jaiswal 2019 19 59 21 58 8.9% 0.89 [0.54, 1.47] ==
Javaherforooshzadeh 2023 6 34 12 40 4.4% 0.59 [0.25, 1.40] — 1
Malhrose 2021 6 55 15 55 4.4% 0.40 [0.17, 0.95] ——]
Nishikimi 2018 11 45 20 43 7.2% 0.53 [0.29, 0.96) -
Shi 2021 40 148 59 149 12.6% 0.68 [0.49, 0.95] ———
Vijayakumar 2016 13 26 25 30 10.6% 0.60 [0.40, 0.91) ——
Wilbrow 2022 147 419 138 422 16.0% 1.07 [0.89, 1.30] T
Yin 2022 67 248 92 249 14.3% 0.73 [0.56, 0.95] -
Zadeh 2021 3 30 14 30 2.8% 0.21 [0.07, 0.67]
Total (95% CI) 1417 1414 100.0% 0.72 [0.58, 0.89] &
Total events 352 439
Heterogeneity: Tau? = 0.06; Chi® = 28.79, df = 15 (P = 0.02); I> = 48% 0%2 l ; 2%0

Favours Melatonin Favours Control

Test for overall effect: Z = 0.17 (P = 0.86)

Heterogeneity: Tau? = 1.07; Chi* = 181.81, df = 4 (P < 0.00001); I’ = 98%

B Melatonin Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Abbasi 2017 3 1.7 67 2 1.7 70 19.6% 1.00 [0.43, 1.57] — &
Burry 2025 2 0.74 46 1 0.37 24  20.8% 1.00 [0.74, 1.26] =i
Jaiswal 2019 0 0.74 59 0 0.74 58 20.8% 0.00 [-0.27, 0.27] —

Malhrose 2021 1 0.28 55 2 0.6 55 21.0% -1.00[-1.17, -0.83] ——

Nishikimi 2018 0.78 1.81 45 1.4 23 43 17.9% -0.62[-1.49, 0.25]

Total (95% CI) 272 250 100.0% 0.08 [-0.85, 1.02]

-1 05 0_05 1
Favours Melatonin Favours Control

Melatonin

Critical Care Medicine

Figure 3. Forest plots for delirium outcomes. A, Prevalence of delirium. B, Duration of delirium (d). df = degrees of freedom.

Melatonin Use in the ICU: A Systematic
Review and Meta-Analysis



FOCUSED UPDATE Societyof

Critical Care Medicine

Clinical Practice Guidelines for the Prevention and Management of . .
Pain, Anxiety, Agitation/ Sedation, Delirium, Immobility, and Sleep o No specific update over Pain control
Disruption in Adult Patients in the ICU
SYMBOL KEY: Strength of Recommendation Certainty of Evidence

Stren Recommendation For: @) @) Vey Low: #O00 This infogeaghiio vieslices seevhs of a fooused

ecommendation For: i - vpdnwwdfi-\wm\.ﬂy isaund by the
Oon::':::::mnd::nA;-:: o Mod:::: 335&8 Sockay of Ccoal Chaa Meckolas CRCCAL)
Swong Recommendation Azainet: Q) High: B S (©)

Not able to recommend treatment over Anxiety

POPULATION:  Aduh Critically 11l Patients

(Specific recommendations for pediatric patients are not made.)

P

femianstre e ] o Suggest DEX over Propofol treatment over
Managomeat of Pain Agitation/Sedation management from the
v s e S angle of light sedation and Delirium prevention
A Rekimad Dpchit Oekisas weat arwiety in adult patients admittsd o the ICU.
Aoty Conditional Recommendation For 2. We "wmdﬁmmimwmd
Agitation/Sedation for sedation in mechanicelly ventiated aduk patents

admitted to the ICU where light sadation and/or a
Modarate Cartainy of Evidence Suction in delidum ase of high forities.

®DDO Not able to recommend treatment over
Contitcoa Recommendatin Fo i s it Delirium with antipsychotic medication

for or against the use of antipeychotics over
ususl care for the treatment of delirium in adult

o

Delirium Low Certainty of Evidence patiants admittad to the ICU,
@PeO0O
Conticna enr o Suggest enhancing rather than usual
| 5.0 e s o pe o P i
e s e e e e Mobilization/Rehabilitation plan

Immobility e @ @ o

Condional ion For

5. We
S over no melatonin in adult patents °

admitted to the ICU.

Suggest Melatonin for Sleep Disruption
management

Sleep Disruption

A Focused Update to the Clinical Practice

Guidelines for the Prevention and Management

n;v "“f‘“ff, _— smihdink ol falcopii o o i of Pain, Anxiety, Agitation/Sedation, Delirium,

» Survivors of criical ilness experience profound physical, mental, and cognitive impairmen| may persist for years after ischarge. 12 5 3 5

+As reflected in previous SCCM guideines, compelling evidence indicates that these impairments may be avoided or minimized through the application of |m|'!10bl|l'!ﬁy, and Sleep DISFUDtIOﬂ in Adult
evidence-based care practces. Patients in the ICU
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RICHMOND AGITATION-SEDATION SCALE (RASS)

STEP
Sedation Assessment

Scale Label Description

COMBATIVE Combative, violent, immediate danger to staff

VERY AGITATED Pulls to remove tubes or catheters; aggressive
AGITATED Frequent non-purposeful movement, fights ventilator
RESTLESS Anxious, apprehensive, movements not aggressive
ALERT & CALM Spontaneously pays attention to caregiver

DROWSY Not fully alert, but has sustained awakening to voice
(eye opening & contact >10 sec)

LIGHT SEDATION Briefly awakens to voice (eyes open & contact <10 sec)
MODERATE SEDATION Movement or eye opening to voice (no eye contact)

If RASS is 2 -3 proceed to CAM-ICU (is patient CAM-ICU positive or negative?)

DEEP SEDATION No response to voice, but movement or eye opening
to physical stimulation

UNAROUSEABLE No response to voice or physical stimulation

If RASS is -4 or -5 = STOP (patient unconscious), RECHECK later

Sessler, et al., Am J Repir Crit Care Med 2002, 166: 1338-1344 Ely, et al., JAMA 2003; 286, 2983-2991




Confusion Assessment Method for the ICU (CAM-ICU)

STEP
DELIRIUM ASSESSMENT

1. Acute Change or Fluctuating Course of Mental Status: .
NO = CAM-ICU negative
NO DELIRIUM

> 27
Y edc i3
* |Is there an acute change from mental status baseline? OR
* Has the patient’s mental status fluctuated during the past 24 hours?

‘YES

CAM-ICU negative

2. Inattention:
* “Squeeze my hand when | say the letter ‘A".” 0-2
| Jé 4 % g; ¢ Read the following sequence of letters: SAVEAHAART —
== os : ERRORS: No squeeze with ‘A’ & Squeeze on letter other than ‘A’ Errors NO DELIRIUM
* If unable to complete Letters = Pictures
e
J, > 2 Errors
2 sy 3. Altered Level of Consciousness ‘7RASSOthe_r 3 =
& gor Pl % Current RASS level (think back to sedation assessment in Step 1) ‘_ than zero ~  CAM-ICU positive
RASS = zero
4. Disorganized Thinking: /
1. Will a stone float on water? > 1 Error
B, —%" R ?’L 2. Are there fish in the sea?
3. Does one pound weigh more than two?
4. Can you use a hammer to pound a nail? 0-1
Error .
'Y CAM-ICU negative

NO DELIRIUM

Command: “Hold up this many fingers” (Hold up 2 fingers)
“Now do the same thing with the other hand” (Do not demonstrate)

“Add one more finger” (If patient unable to move both arms)

OR
Copyright © 2002, E. Wesley Ely, MD, MPH and Vanderbiilt University, all rights reserved
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o Effectively diagnosis, treat, and manage pain, agitation, and
delirium in the ICU is key to reduce cost and improve ICU outcomes

o A multidisciplinary, protocolized approach can significantly assist
clinician’s in identifying the diagnosis, direct choice of treatment
goals, and assist in mitigating oversedation with sedation algorithms

o Comfort and Cognitive still not able to be addressed simultaneously

o Artificial intelligence from Humanity angle facilitate in all aspects
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Fig.2 The ABCDEFGHI bundle—A-1 bundle. A—Assessment and management of pain: subjective (NRS, VAS) behavioral tools (CPOT, BPS) shou'z.c.. s
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