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To be

or not to be,

that is the question.

William Shakespeare, 1564-1616



To be, or not to be, that is the question:

whether ’tis nobler in the mind to suffer

the slings and arrows of  outrageous fortune,

or to take arms against a sea of  troubles,

and by opposing end them? To die, to sleep…

Essere, o non essere, questo è il dilemma:

se sia più nobile nella mente soffrire

i colpi di fionda e i dardi dell’oltraggiosa fortuna

o prendere le armi contro un mare di affanni

e, contrastandoli, porre loro fine? Morire, dormire…











Il compito della Terapia Intensiva

Mantenere gli

equilibri vitali…



Il compito della Terapia Intensiva

Mantenere gli

equilibri vitali…

…per poi 

stare meglio !



Divinum est

sedare dolorem.

Ippocrate, 460-377 a.C.



Perché effettuare analgo-sedazione in Terapia Intensiva? 

E’ davvero necessaria?

• Confort ottimale per paziente

• Riduzione della “risposta di stress”

• Riduzione complicanze cardiache e respiratorie

• Aiuto nelle procedure diagnostiche/terapeutiche

• Diminuzione di sintomi di agitazione e delirium
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Perché effettuare analgo-sedazione in Terapia Intensiva? 

E’ davvero necessaria?



Crit Care Med. 2018 Jun;46(6):850-859. 





Paziente ideale



Paziente ideale
(secondo gli infermieri della Rianimazione di Cambridge)

 Sedato.

 Curarizzato.

 Catetere vescicale.

 Colostomia terminale.

 Peso < 50 kg.

 Figlio unico, orfano, single, senza amici.  

Riccioni L, GiViTI 2010



Effetti collaterali di

analgesici e sedativi…

• Sepsi

• Ipotensione, bradicardia, disturbi cardiaci

• Insufficienza respiratoria

• Ileo

• Ristagno venoso, trombosi venosa profonda

• Svezzamento ritardato dalla ventilazione meccanica

• Permanenza prolungata in T.I.

• Aumento costi

• Impossibilità valutazione alterazioni SNC
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nella storia recente delle TI?
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Quali «strategie sedative» 

nella storia recente delle TI?

• ’80: I pazienti devono adattarsi ai macchinari

 Sedazione profonda e immobilità!

• ’90: I macchinari devono adattarsi ai pazienti, ma i 

ricordi della T.I. sono spaventosi e angoscianti!

 No mio-rilassanti, ancora sedazione profonda

• 2000: Sedazione guidata da protocolli

 Interruzione giornaliera

 Sedazione basata sull’analgesia



Strom T, Lancet, 2010

• 2010: No sedation strategy ?!?!?



Strom T, Lancet, 2010

morfina + propofol

solo morfina



Strom T, Lancet, 2010

morfina + propofol

solo morfina

Propofol kills?



Strom T, Lancet, 2010

Ramsay target = 4
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Strom T, Lancet, 2010

Ramsay target = 4

Ramsay target = 2

Sedation may kill !



Ma siamo disposti a desiderare

che i nostri pazienti critici

Siano mantenuti ad un livello di 

“sedazione leggera»?

(cioè RASS fra -1 e 0)





Ma siamo disposti a desiderare

che i nostri pazienti critici

siano “il più svegli possibile”… ? ! ? !



N Engl J Med 2020;382:1103-11.

DOI: 10.1056/NEJMoa1906759
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Martin J, Intensive Care Med, 2006

Sedazione e analgesia

nelle Terapie Intensive tedesche:

cosa accade nella pratica reale?
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Coma

Martin J, Intensive Care Med, 2006

Sedazione e analgesia nelle Terapie Intensive 

tedesche: cosa accade nella pratica reale?

Scala di Ramsay
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Martin J, Intensive Care Med, 2006

Sedazione e analgesia nelle Terapie Intensive 

tedesche: cosa accade nella pratica reale?



Martin J, Ger Med Sci, 2010
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Martin J, Ger Med Sci, 2010



Baron J, Ger Med Sci, 2015



Baron J, Ger Med Sci, 2015

• 17 società scientifiche - 49 voting members

• 284 references

• 147 raccomandazioni (72 A – 51 B – 24 Ø)





Baron J, Ger Med Sci, 2015

1°
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Baron J, Ger Med Sci, 2015



Mistraletti G, Minerva Anestesiol 2008



Barr J, Crit Care Med, 2013

• 2 nazioni – 21 esperti

• 472 references

• 51 raccomandazioni ( 5 A – 29 B)



Celis-Rodriguez E, Med Intensiva, 2013

• 9 nazioni – 21 esperti

• 467 references

• 137 raccomandazioni (74 A – 63 B)



Quali farmaci usiamo ?



Available drugs

Analgesics:

− Opioids (remifentanil, morphin, fentanyl, sufentanil, alfentanil, oxycodone,

hydromorfone, tramadol)

− NSAIDs, acetaminophen

Sedatives:

− BZDP (Diazepam, Lorazepam, Midazolam)

− Propofol

− A2-agonist (clonidine, dexmedetomidine)

− Atypical:

− Butyrophenone (Haloperidol, Droperidol)

− Etomidate

− Ketamin

− Barbiturates (Sodium thiopental, Phenobarbital)

− Inhalational agents (Halogenated – AnaConDa / Mirus – Xenon)





















SedaEN
Intervento

• Melatonina + 

Idrossizina e 

Lorazepam

SedaEV
Controllo

• Propofol o 

Midazolam

VS

https://www.google.it/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjr-tez5-XMAhVBDxoKHX77BcYQjRwIBw&url=http://www.sigmagazine.it/2015/11/michigan/&bvm=bv.122448493,d.d2s&psig=AFQjCNFIGTFkcQ8IRWtbbTi4db9_-b_VxQ&ust=1463735712804058&cad=rjt


For each sedative, please check:

• Farmacokinetics

• Neurological effects

• Cardio-respiratory effects

• Endocrine and metabolic effects

• Side effects – risks for that patient

• Indications



Canadian survey of the use of sedatives, 

analgesics & NMBA in ICU…

Metha S, et al., 

Crit Care Med, 

2006



Metha S, et al., Crit Care Med, 2006

Uno sguardo sui miorilassanti



Metha S, et al., Crit Care Med, 2006… ! ! !

Il sonno della ragione genera mostri…











Papazian,

NEJM, 2010























Barotrauma

ICU-acquired

weakness

Adverse events







Take home message… IMHO…



For each sedative, please check:

• Farmacokinetics

• Neurological effects

• Cardio-respiratory effects

• Endocrine and metabolic effects

• Side effects – risks for that patient

• Indications



Egan TD, Anesthesiology, 1993



Egan TD, Anesthesiology, 1993



Malacrida R, Crit Care Med, 1992

Succede anche per i sedativi …

Infusion duration (days)

Propofol

Midazolam

Lorazepam



Crit Care Med 2013, 41: 263-306

ICU-LOS

0.5 days less

by using

non-BZDP

Propofol

Dexmed.

Midazolam

Lorazepam



Crit Care Med 2013, 41: 263-306



Crit Care Med 2013, 41: 263-306



Crit Care Med 2013, 41: 263-306



Il livello di sedazione ideale

varia per ogni paziente

e per ogni momento della storia clinica…





• Nel 2008: Patient focused sedation…



Organizzazione interna…



Cosa c’entra con la sedazione ?

1

Altissima preparazione professionale



2

Non si può fare da soli

Cosa c’entra con la sedazione ?



3

…lo puoi fare solo oggi.

Cosa c’entra con la sedazione ?



Quali dosaggi usiamo ?







Tutto ciò che avreste volute chiedere

sulla sedazione e miorisoluzione…

e non avete mai osato farlo:

È il momento di fare DOMANDE!!!



Se sono le 12:15  finale breve  vai a diapo 121

Se sono le 12:00  finale delirium  vai a diapo 152

Se il pubblico vuole approfondire il tema dei

miorilassanti vai a diapo 276



Patient Comfort

Pain Sedation Delirium

VNR-Pain

BPS

CPOT

RASS

SAS

CAM-ICU

ICDSC

Monitoring of  ICU Patients 

Crit Care Med 2013, 41: 263-306



1° Analgesia

• I pazienti non devono avere dolore! 

• E’ opportuno ridurre l’utilizzo di 

antidolorifici (soprattutto oppiacei) al 

minimo considerando gli effetti 

collaterali





2° Sedazione



Comprende i periodi di sonno fisiologicoSveglio e tranquillo0

Ansioso ma senza movimenti aggressivi e vigorosiIrrequieto+ 1

Frequenti movimenti afinalistici,

disadattamento alla ventilazione meccanica
Agitato+ 2

Aggressivo, rischio evidente di rimozione invasivitàMolto agitato+ 3

Chiaramente combattivo, violento,

potenziale pericolo per se stesso o per lo staff
Combattivo+ 4

The Richmond Agitation - Sedation Scale ( RASS )

Sessler CN, Gosnell MS, Grap MJ, et al.

The Richmond Agitation-Sedation Scale: validity and reliability in adult intensive care unit patients

Am J Respir Crit Care Med. 2002 Nov 15;166(10):1338-44. 



Movimenti o apertura degli occhi allo stimolo verbale

( ma senza contatto visivo )
Moderatamente sedato- 3

Brevi risvegli allo stimolo verbale, contatto visivo < 10 secondiLievemente sedato- 2

Non completamente sveglio, apre gli occhi allo stimolo verbale,

mantiene il contatto visivo  > 10 secondi
Soporoso- 1

Sveglio e tranquillo0

Irrequieto+ 1

Agitato+ 2

Molto agitato+ 3

Combattivo+ 4

The Richmond Agitation - Sedation Scale ( RASS )

Sessler CN, Gosnell MS, Grap MJ, et al.

The Richmond Agitation-Sedation Scale: validity and reliability in adult intensive care unit patients

Am J Respir Crit Care Med. 2002 Nov 15;166(10):1338-44. 



Nessuna risposta alla stimolazione tattile/dolorosaNon risvegliabile- 5

Non risposta allo stimolo verbale,

movimenti o apertura occhi alla stimolazione tattile/dolorosa
Sedazione profonda- 4

Moderatamente sedato- 3

Lievemente sedato- 2

Soporoso- 1

Sveglio e tranquillo0

Irrequieto+ 1

Agitato+ 2

Molto agitato+ 3

Combattivo+ 4

The Richmond Agitation - Sedation Scale ( RASS )

Sessler CN, Gosnell MS, Grap MJ, et al.

The Richmond Agitation-Sedation Scale: validity and reliability in adult intensive care unit patients

Am J Respir Crit Care Med. 2002 Nov 15;166(10):1338-44. 



3° Delirium



www.icudelirium.org



Progetto SIAARTI

per la formazione degli operatori :

www.sedaicu.it 



Formazione degli operatori



Disponibilità 24/7

Materiale utile al lavoro quotidiano



Il problema più 

frequente è il paziente 

troppo sedato!





A ssess for and manage pain

B oth spontaneaous awakening and 

breathing trials

C hoice of  sedation an analgesia

D elirium: assess, prevent and manage

E arly mobility and exercise

F amily engagement and empowerment

ICU liberation project, W. Ely, Vanderbilt University, 2015



W Ely, Crit Care Med 2017



Pun BT, Crit Care Med 2019



Pun BT, Crit Care Med 2019



Pun BT, Crit Care Med 2019



Pun BT, Crit Care Med 2019



A ssess for and manage pain

B oth spontaneaous awakening and 

breathing trials

C hoice of  sedation an analgesia

D elirium: assess, prevent and manage

E arly mobility and exercise

F amily engagement and empowerment

ICU liberation project, W. Ely, Vanderbilt University, 2015



Mistraletti, Minerva Anestesiol, 2015









… facendo una

«medicina di precisione»,

personalizzata,

in Terapia Intensiva.





Il nostro obiettivo

non può essere solo

aggiungere giorni alla vita.

Dobbiamo mettere

vita in quei giorni.



Grazie dell’attenzione

giovanni.mistraletti@unimi.it





















Illness



Therapy

Illness



delirio (in italiano):

Convinzione errata che non cede alle critiche e 

all’evidenza dei fatti.

Profonda distorsione nella percezione soggettiva della realtà, 

tipicamente accompagnata da inappropriato senso di potere, 

che non rientra grazie al ragionamento…

Corrisponde all’inglese: delusion or hallucination



delirium (in italiano):

Modificazione acuta dello stato di coscienza o 

decorso fluttuante, con disattenzione, e pensiero 

disorganizzato o alterato livello di coscienza.

Corrisponde all’inglese: delirium



DSM-5: diagnostic criteria for delirium









«Dietro ogni problema

c’è un’opportunità»



Guidelines SCCM 2002

Task-force for ICU analgesia & sedation

Crit Care Med 2002, 30 (1) 119-141



Jacobi J, Crit Care Med, 2002





Crit Care Med 2013, 41: 263-306



Patient Comfort

Pain Sedation Delirium

• 0-10 Scale

VAS-Pain

• BPS

•PAINAD

Sedation 

Assessment 

Scales 

(RASS, SAS, 

MAAS, … )

CAM-ICU

IC-DSC

Jacobi J et al. Clinical practice guidelines for the sustained use of  sedatives and analgesics in the critically ill adult. 

Crit Care Med 2002; 30:119-141

Assessment of  ICU Patients 
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American Psychiatric Association, Diagnostic and Statistical Manual IV, 1994

Includes:

• Sedation 

• Neurologic dysfunction

• Cognitive dysfunction

Diagnostic and Statistical Manual

of  Mental Disorders – 5

Criteria for delirium



Delirium and Outcomes
- Increased ICU Length of  Stay (8 vs 5 days)

- Increased Hosp Length of  Stay (21 vs. 11 days)

- Increased time on the Ventilator (9 vs 4 days)

- Higher costs ($22,000 vs $13,000 in ICU costs)

- Estimated $4 to $16 billion associated U.S. costs 

- 3-fold increased risk of  death

- Every delirium day increased by 35% 

“ ICU accelerated dementia ”

Ely EW, Intensive  CareMed, 2001

Ely EW, JAMA 2004

Lin SM, Crit Care Med, 2004

Milbrandt E, Crit Care Med, 2004

Jackson J, Neuropsych Rev, 2004

Ouimet S, Intensive Care Med, 2007
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Delirium and mortality

p = 0.008

Ely EW, JAMA 2004



Pisani MA, Am J Resp Crit Care Med 2009



DSM-5: diagnostic criteria for delirium

Criterion A There is a disturbance in attention and awareness.

Criterion B

Delirium develops over a short period of  time, typically hours to 

days. There is a change in baseline attention and awareness. It 

fluctuates throughout the day.

Criterion C
There is also another disturbance in cognition, such as in memory, 

orientation, language, and perception.

Criterion D

The disturbances in (A.) and (C.) are not better explained by 

another pre-existing, established, or evolving neurocognitive 

disorder.

Criterion E

There is evidence of  the delirium is due to a direct physiological 

consequence of  another medical condition, substance intoxication 

or withdrawal, or exposure to a toxin, or is due to multiple 

etiologies.

American Psychiatric Association, Diagnostic and Statistical Manual V, 2013



Delirium is often ‘invisible’ 
(unless you look for it)

Different clinical manifestations:

• Vast majority in ICU is hypoactive “quiet” subtype (35%) 
or mixed (64%)

• Very little (1%) is the pure hyperactive subtype

Older age is a strong predictor of hypoactive

Onset: ICU Day 2 (+/-1.7) 

How long: 4.2 (+/-1.7) days

Ely EW et al.  JAMA20013-2710   Ely EW et al. Crit Care Med 2001; 9:1370-1379 

Peterson J et al. JAGS 2006;54:479-84 McNicoll L et al. JAGS 2003;51:591-98

Bergeron N, ICM 2001;27:859-64 Ouimet S, ICM 2007;33:1007-1013
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Qual è la mia

frequenza cardiaca ?





Patient Comfort

Pain Sedation Delirium
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Comprende i periodi di sonno fisiologicoSveglio e tranquillo0

Ansioso ma senza movimenti aggressivi e vigorosiIrrequieto+ 1

Frequenti movimenti afinalistici,

disadattamento alla ventilazione meccanica
Agitato+ 2

Aggressivo, rischio evidente di rimozione invasivitàMolto agitato+ 3

Chiaramente combattivo, violento,

potenziale pericolo per se stesso o per lo staff
Combattivo+ 4

The Richmond Agitation - Sedation Scale ( RASS )

Sessler CN, Gosnell MS, Grap MJ, et al.

The Richmond Agitation-Sedation Scale: validity and reliability in adult intensive care unit patients

Am J Respir Crit Care Med. 2002 Nov 15;166(10):1338-44. 



Movimenti o apertura degli occhi allo stimolo verbale

( ma senza contatto visivo )
Moderatamente sedato- 3

Brevi risvegli allo stimolo verbale, contatto visivo < 10 secondiLievemente sedato- 2

Non completamente sveglio, apre gli occhi allo stimolo verbale,

mantiene il contatto visivo  > 10 secondi
Soporoso- 1

Sveglio e tranquillo0

Irrequieto+ 1

Agitato+ 2

Molto agitato+ 3

Combattivo+ 4

The Richmond Agitation - Sedation Scale ( RASS )

Sessler CN, Gosnell MS, Grap MJ, et al.

The Richmond Agitation-Sedation Scale: validity and reliability in adult intensive care unit patients

Am J Respir Crit Care Med. 2002 Nov 15;166(10):1338-44. 



Nessuna risposta alla stimolazione tattile/dolorosaNon risvegliabile- 5

Non risposta allo stimolo verbale,

movimenti o apertura occhi alla stimolazione tattile/dolorosa
Sedazione profonda- 4

Moderatamente sedato- 3

Lievemente sedato- 2

Soporoso- 1

Sveglio e tranquillo0

Irrequieto+ 1

Agitato+ 2

Molto agitato+ 3

Combattivo+ 4

The Richmond Agitation - Sedation Scale ( RASS )

Sessler CN, Gosnell MS, Grap MJ, et al.

The Richmond Agitation-Sedation Scale: validity and reliability in adult intensive care unit patients

Am J Respir Crit Care Med. 2002 Nov 15;166(10):1338-44. 







Ely EW, JAMA 2001

Delirium Scales

ICDSC
Bergeron N, Intensive Care Med 2001

CAM-ICU



CAM-ICU: Confusion Assessment Method in ICU







The

Intensive
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ICDSC Score vs. Outcome

Comparison of mortality (%) and ICU length of 
stay (LOS) according to DSC score
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CAM-ICU-7: stratification of  delirium severity

Crit Care Med. 2017 May; 45(5): 851–857.

doi: 10.1097/CCM.0000000000002368
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Come trattare 

farmacologicamente
il Delirium

in Terapia Intensiva















La strategia per trattare

il delirium NON è farmacologica





Strategies to prevent ICU delirium

1) Measure it !

2) Treat reversible causes:

 Underlying infection (sepsis), maintain normotermia

 Correct hypoxia

 Ensure adequate cerebral perfusion (CHF)

 Correct metabolic disturbances (electrolites, blood glucose)

3) Frequent reorientation of patient by nurse and family 

4) Analgesia and goal-directed conscious sedation

5) Weaning from mechanical ventilation as soon as possible

6) Early mobilization and physical therapy

7) Attention to optimizing sleep patterns
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Misurarlo permette di individuarlo

…tempestivamente!





Nel caso di delirium…

…prima di tutto bisogna correggere le cause sottostanti…



… iniziare usando accorgimenti non farmacologici …



…ed interrompendo la terapia deliriogenica !
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Cause predisponenti

Cause precipitanti





age



age severity



age severity sedatives



age severity sedatives

…only 

lorazepam?



age severity sedatives

…only 

lorazepam?



Dexmedetomidine vs Lorazepam

Effect of Sedation With 

Dexmedetomidine vs 

Lorazepam on Acute Brain 

Dysfunction in Mechanically 

Ventilated Patients

The MENDS Randomized 

Controlled Trial

Pandharipande P,  JAMA 2007



Pharmacological prophylaxis?







Pharmacological prophylaxis?

No, thanks.

Prevention by protocols?





A ssess for and manage pain

B oth spontaneaous awakening and 

breathing trials

C hoice of  sedation an analgesia

D elirium: assess, prevent and manage

E arly mobility and exercise

F amily engagement and empowerment

ICU liberation project, W. Ely, Vanderbilt University, 2015



W Ely, Crit Care Med 2017



Pun BT, Crit Care Med 2019
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Pun BT, Crit Care Med 2019



A ssess for and manage pain

B oth spontaneaous awakening and 

breathing trials

C hoice of  sedation an analgesia

D elirium: assess, prevent and manage

E arly mobility and exercise

F amily engagement and empowerment

ICU liberation project, W. Ely, Vanderbilt University, 2015







Pharmacological prophylaxis?

No, thanks.

Prevention by protocols?

Yes !!!









Strategies to prevent ICU delirium

1) Measure it !

2) Treat reversible causes:

 Underlying infection (sepsis), maintain normotermia

 Correct hypoxia

 Ensure adequate cerebral perfusion (CHF)

 Correct metabolic disturbances (electrolites, blood glucose)

3) Frequent reorientation of patient by nurse and family 

4) Analgesia and goal-directed conscious sedation

5) Weaning from mechanical ventilation as soon as possible

6) Early mobilization and physical therapy

7) Attention to optimizing sleep patterns



Mistraletti G, Minerva Anestesiol 2008



Daou M, Frontiers in Neurology, 2020





Mistraletti G, Minerva Anestesiol 2008





Mistraletti, Minerva Anestesiol, 2015









… facendo una

«medicina di precisione»,

personalizzata,

in Terapia Intensiva.



Marra, A. Surg Clin North Am. 2017 



A new frontier in critical care: 

saving the injured brain.

E. Wesley Ely, 2008



Il nostro obiettivo

non può essere solo

aggiungere giorni alla vita.

Dobbiamo mettere

vita in quei giorni.
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Neuromuscular Blocking Agents 
in Critically Ill Patients
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Normal Neuromuscular Function

• Acetylcholine then diffuses across 
the synaptic cleft to activate 
nicotinic receptors (NM) located on 
the motor end plate

• The binding of two acetylcholine 
molecules to receptors on the α-β 
and δ-α subunits causes opening of 
the channel. 

• The subsequent movement of 
sodium and potassium through the 
channel is associated with a graded 
depolarization of the end plate 
membrane 



Classification and Mechanism of Action

• Neuromuscular blocking agents (NMBAs) paralyze skeletal muscles by blocking 
the transmission of nerve impulses at the myoneural junction.

• DEPOLARIZATING NMBAs: 

bind to cholinergic receptors on the motor endplate, 
causing depolarization of the endplate membrane. 

The NMBAs prevents the normal closure of the 
channel gate and the blocker may move rapidly in 
and out of the pore. 

Depolarizing blockers may desensitize the end plate 
by occupying the receptor and causing persistent 
depolarization.

• E.g. Succinylcholine



• NON-DEPOLARIZATING NMBAs:

competitive inhibition of the ACh receptor on the 
motor endplate. 
prevents the conformational change in the receptor or 
physically obstructs the ion channels 

• aminosteroid compounds 
(e.g. pancuronium, vecuronum, rocuronium) 

• benzylisoquinolinium compounds 
(e.g. atracurium, cisatracurium, mivacurium). 

• Neuromuscular blocking agents (NMBAs) paralyze skeletal muscles by blocking 
the transmission of nerve impulses at the myoneural junction.

Classification and Mechanism of Action



Properties of neuromuscular blocking agents



Main indications for the use of neuromuscular 
blocking agents in the ICU

• NMBAs are not first line agents for managing undesired movement, agitation, 
or ventilator asynchrony, since they do not have sedative, amnestic or analgesic 
properties. 

• The use of NMBAs in patients with severe hypoxemia (ARDS) or status 
asthmaticus facilitate mechanical ventilation, decrease oxygen consumption, 
increase chest wall compliance, prevent respiratory asynchronies (double 
triggering), and facilitate permissive hypercapnia

• The use of NMBAs in patients with ARDS has remained unclear since data are 
conflicting. (ACURASYS 2010 vs. ROSE 2019 trials)



Partial Neuromuscular Blockade in Sedated 
Patients with High Tidal Volumes

Am J Respir Crit Care Med. 2017 Apr 15;195(8):1033-1042



But with some drawbacks…

Am J Respir Crit Care Med. 2017 Apr 15;195(8):1033-1042



Main indications for the use of neuromuscular 
blocking agents in the ICU

• To facilitate short procedures under general anesthesia (endotracheal 
intubation, emergent intubation, rapid sequence intubation, bronchoscopy, 
gastrointestinal endoscopy, specialized radiologic procedures)

• To abolish shivering response (therapeutic hypothermia following cardiac arrest)

• To decrease oxygen consumption during cardiogenic shock

• To prevent unwanted motor movement such as respiratory distress, and 
coughing on tracheal suction in patients with increased intracranial pressure or 
massive hemoptysis

• To facilitate treatment of medical conditions associated with increased muscular 
activity: tetanus, neuroleptic malignant syndrome



Which NMBAs to choose in ICU?

The choice between agents in the ICU depends on:
1. the indication: timing.
2. the patient's comorbidities: renal failure, liver failure, and hyperkalemia, etc.

Cisatracurium: continuous infusions, metabolism is unrelated to renal or hepatic 
function (Hoffman’s reaction), decreased incidence of ICU acquired weakness. 

Rocuronium: endotracheal intubation in the ICU, rapid onset and intermediate 
duration of action, fast reversal (Sugammadex). 

Succinylcholine: endotracheal intubation in the ICU, rapid onset and short 
duration of action. 
Contraindications to succinylcholine (e.g. hyperkalemia, burns, stroke, 
susceptibility to malignant hyperthermia, denervation)



Factors Affecting the response to NMBAs

Neuromuscular disease: miastenia gravis (cholinergic crisis, resistant to 
depolarizing agents, very sensitive to nondepolarizing NMBAs)
denervation (upregulation of nicotinic acetylcholine receptors (nAChRs)

Burns: burn injury upregulates extrajunctional nAChRs beginning within 24 
hours of injury.

Elderly: the effects of steroidal NMBAs are prolonged due to decreased volume 
of distribution, changes in circulatory physiology, decreased regional renal and 
hepatic blood flow, and anatomic changes at the neuromuscular junction (NMJ)



Factors Affecting the response to NMBAs

Hepatic and renal disease: increase aminosteroid compounds half-life

Drug interactions: drugs that potentiate the action of NMBAs, local 
anethestics, aminoglycosides, polimixine B, tetracicline., magnesium, calcium 
channel blockers, beta-adrenergic blockers, immunosuppressive agents 
(cyclophosphamide, cyclosporine). dantrolene, diuretics, Lithium carbonate…

Hypothermia: prolonged response to nondepolarizing NMBAs. The effect is 
proportional to the degree of hypothermia. Neuromuscular monitoring is still 
reliable and can help guide neuromuscular blockade management in the 
hypothermic patient.



Factors Affecting the response to NMBAs

Electrolyte disturbances 
• Hypermagnesemia, hypokalemia: potentiates the effects of NMBAs
• Hypercalcemia: reduces response to the administration of nondepolarizing 

NMBAs

Acidosis (pH< 7.3): both metabolic or respiratory in origin, can prolong the 
effects of NMBAs, by increasing NMBA affinity for postjunctional nAChRs.

Alkalosis (pH>7.51): can shorten the duration of neuromuscular blockade 
produced by nondepolarizing muscle relaxants, but will not affect the duration 
of action of depolarizing muscle relaxants



Neuromuscular blockers and safety concerns

ICU-acquired weakness: 

• Muscles weakness, long-term sequelae of critical illness, affects roughly 2/3 of ICU 
survivors

• Associated with prolonged mechanical ventilation, and prolonged ICU and hospital lengths 
of stay, use of pressors, hypoalbuminemia.

• The risk of persistent paralysis is higher in patients with hepatic or renal dysfunction 

• Prolonged blockade of the neuromuscular junction may cause muscle atrophy, 
particularly in the presence of  fluorinated corticosteroids (dexamethasone), 
ischaemia, acidosis or electrolyte disturbances, aminoglycosides

• A trial of cisatracurium for ARDS found no evidence of an increased risk of acute 
quadriplegic myopathy, although a high proportion of patients also received 
corticosteroids 
(Papazian, N Engl J Med 2010; 363:1107-1116)



ICU-acquired weakness: prevention strategy 

• Not combine fluorinated corticosteroids and long lasting non-depolarising NMBAs

• Duration of neuromuscular blockade should be as short as possible (ideally less 
than 48 h). Aim to daily sedation and paralysis interruption and tailoring.

• Maintain normal glucose, pH and electrolytes levels 

• Avoid aminoglycosides administration 

• Prompt passive and active mobilization, and access to a rehabilitation 
program



Neuromuscular blockers and safety concerns

Awareness: 

• Awareness with recall results from the absence of or 
incomplete sedation with NMBAs. 

• Paralysis with a preserved conscience exposes the 
patient to psychological trauma and medico-legal 
procedures.  

• In ICU survivors, the prevalence of post-ICU PTSD is 
10–39% at hospital discharge. In survivors of ARDS, a 
systematic review found a prevalence of psychiatrically 
diagnosed PTSD in 44% at hospital discharge. 



From the guidelines

• Patients receiving NMBAs should be assessed both clinically and by TOF 
monitoring (Grade of recommendation B), with a goal of adjusting the degree of 
neuromuscular blockade to achieve one or two twitches. 
(Grade of recommendation C)

• Before initiating neuromuscular blockade, patients should be medicated with 
sedative and analgesic drugs to provide adequate sedation and analgesia in 
accordance with the physician’s clinical judgment to optimize therapy. 
(Grade of recommendation C)

Crit Care Med 2002 Vol. 30, No. 1



What about the BIS?

“These results suggest that the BIS monitor requires muscle activity, in addition to 
an awake EEG, in order to generate values indicating that the subject is awake. 
Consequently, BIS may be an unreliable indicator of awareness in patients who 
have received neuromuscular blocking drugs.”

British Journal of Anaesthesia 2015, i95–i103



Neuromuscular blockers: ICU monitoring

Monitoring the depth of neuromuscular blockade aims to:

• ensure that objectives for muscle relaxation are reached in an anesthetized patient 
(one or two twitches)

• the use of the lowest effective dose of NMBAs dose is used 
(limit the development of ICU-acquired weakness)

• avoid deleterious residual neuromuscular blockade after extubation

• avoid awareness



TOF: ICU 
monitoring

In addition to monitoring for adequate sedation and analgesia, 
the depth of neuromuscular blockade should be assessed by:

• repeated clinical monitoring :

- skeletal muscle movement, respiratory efforts,  detection of 
patient–ventilator asynchronies

• qualitative evaluation:

- TOF, however, be aware of the low correlation of blockade 
measured clinically and peripherally compared with the 
paralysis of the diaphragm

- The evaluation of the decline in the twitch response can be 
performed by comparing the strength (TOF ratio) of the fourth 
twitch to that of the first twitch. 

The measurement of the TOF can be impaired by hypothermia, 
peripheral oedema, or incorrect positioning of electrodes



TOF: ICU 
monitoring



Bouju et al. Ann. Intensive Care (2017) 7:10

DOI 10.1186/s13613-017-0234-0



Take home messages

• NMBAs are not first-line agents for managing undesired 
movement, agitation, or ventilator asynchrony since they do 
not have sedative, amnestic, or analgesic properties. 

• Before initiating neuromuscular blockade, provide adequate 
sedation and analgesia

• Daily interruption of paralysis is required for awareness 
monitoring

• Daily assessment of  paralysis using TOF, early interruption of 
NMBAs,
and the use of cisatracurium reduce the incidence of 
ICU-acquired 
weakness


