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Idealt läkemedel?



1. Devlin et al., Crit Care Med 2018 (PADIS Clinical Practice Guidelines 2018). 2. 
Franks et al., Ann Am Thorac 2021. 3. Pandharipande et al., Anesthesiology 2006.

För lite sedering

• Hypertension, tachycardia1

• Agitated delirium1

• Patient safety risks1,2

• Ventilator asynchrony1

• Post-traumatic stress disorder2

För mycket sedering

• Hypotension1

• Prolonged ventilator time1

• Complications to critical care1

• Delirium3



Sedationsskalor

1. Devlin et al., Crit Care Med 2018 (PADIS Clinical Practice Guidelines 2018). 2. 
Sessler et al., Am J Resp Crit Care Med 2002. 3. Ely et al., JAMA 2003. 4. Sackey 
et al., Anaesth Intensive Care 2007.

• Mätning av sederingsdjup anses vara standard1

• Richmond Agitation Sedation Score (RASS)
• Ramsay Sedation Scale
• Sedation-Agitation Scale (SAS). 2,3

• EEG-mätare
• Bispectral Index (BIS)4

• Narcotrend Index (NI)
• Patient State Index (PSI)

BIS value Depth of sedation

0 Flat-line EEG

0-40 Deep hypnotic state; memory function lost; increasing 
burst supression

40-60 Recommended range for general anaesthesia

60-90 Recommended range for sedation

100 Awake; memory intact



Sedationsskalor





Följsamhet till ABCDEF-bundle viktigt!

Pun et al., Crit Care Med 2019.

Association between proportional performance of the 
ABCDEF bundle and patient-related outcomes

Effekter på: 

• Överlevnad

• Ventilatoranvändning

• Koma / delirium

• Fastbindning

• Åter IVA
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100% vs 0%

80% vs 0%

60% vs 0%

50% vs 0%

33% vs 0%

ICU Discharge

0.0 0.5 1.0 1.0 2.0

Hospital Discharge

0.0 0.5 1.0 1.0 2.0

Death

0.0 0.5 1.0 1.0 2.0

Adjusted Hazard Ratio (95% Confidence Interval)

>1 is favorable <1 is favorable>1 is favorable



”No/Light sedation” passar inte alla

SPICE III, Shehabi et al., N Engl J Med 2019.

Patients with a Clinical Indication for Deep Sedation

• Sederingsnivåmål: RASS −2 to +1

• Pat bedömdes behöva djupare sedering (RASS -
3 el mer)
- Första 2 dagarna: ~50%
- Första veckan: >25%

• 75% av pat i dex-gruppen behövde tillägg av 
annat läkemedel för att nå sederingsmålet de 
första två dagarna.
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MENDS2, Hughes et al., N Engl J Med 2021.

Median RASS scores by treatment group

Targeted 
light sedation
(RASS 0 to -2)

No/Light sedation kan vara svårt att uppnå



MIDAZOLAM1 PROPOFOL2 DEXMEDETOMIDINE3-5 ISOFLURANE6-9 SEVOFLURANE9,10

Drug class benzodiazepine GABA agonist alpha-2 receptor agonist fluorinated ether fluorinated ether

Metabolisation 40-60% 66% 95% 0.2% 2-5%

Degradation

metabolite
α-hydroxymidazolam Glucuronides Glucuronides

Trifluoracetic acid, 

fluorides

Fluorides, 

hexafluoroisopropanol

Active metabolite Yes No No No No

Elimination 60-80% renal 88% renal 90% renal Pulmonary exhalation

Duration of action

T1/2

80% decrement time

1.5-3.0 h

3-12 h (up to several days)

0.5-1.5 h

(4-7 h)

3.5 h-3 d

1.9-2.5 h

3.7 h

< 5 min

30-35 min

< 5 min

< 8 min

Sedativa läkemedel

1. Nordt et al., J Emerg Med 1997. 2. Trapani et al., Curr Med Chem 2000. 3. Weerink et al., Clin Pharmacokin 2017. 4. Iirola et al., Crit Care 2011. 5. Venn et al., Br J Anaesth 2002. 
6. Mazze et al., Anesthesiology 1974. 7. Holaday et al., Anesthesiology 1975. 8. Kharasch et al., Anesthesiology 1999. 9. Bailey et al., Anesth Analg 1997. 10. Behne et al., Clin 
Pharmacokinet 1999.



Farmakokinetik - iv vs inhalerade läkemedel

1. Eger, Br J Anaesth 1984. 2. Lu et al., Pharmacology 2008. 3. Meiser et al., Respir Care 2018. 4. Rand et al., J Artif Organs 2018.

Elimination of inhaled sedatives is independent of hepatic and renal function1,2

Inhaled sedation works even in severe ARDS on ECMO3,4

Intravenösa
läkemedel

Inhalations-
sedering

Administration Distribution Målorgan Metabolism Utsöndring



Minimum Alveolar Concentration (MAC) 

1. Eger EI II et al. Anesthesiology 1965; 26: 756-63. 2. Eger EI II et al. Anesth Analg 1987; 66: 974-6. 
3. Kathoh T et al. Anesthesiology 1998; 88: 18-24.

MAC of a volatile anaesthetic decreases with patients' age and body temperature,2 as well as the administration 
of other anaesthetics and/or opioids.3

MAC is not influenced by the duration of anaesthesia/administration.

Halothane
MAC 0.76

Isoflurane
MAC 1.15 Sevoflurane

MAC 2.05 Desflurane
MAC 6.0

N2O
MAC 104Potens

MAC - hälften av patienterna reagerar inte på kirurgiskt stimuli



Farmakodynamik

1. Campagna et al., N Engl J Med 2003. 2. Herold et al., J Gen Physiol 2014. 
3. Wu et al., Anesthesiology 2004. 4. Herold et al., Eur Biophys J 2017.

Multiple mechanisms of action1-4

• Potentiation of inhibitory receptors​

• Inhibition of excitatory receptors

• Direct cell membrane effects



Farmakodynamik utöver sedering

Relaxation av glatt muskel

Cerebral vasodilation3Perifer vasodilation1 Bronchodilation2Effekt

1. Crystal, J Anesth Hist 2017. 2. Turner et al., Respir Care 2012. 3. Basil et al., 
Anesthesiology 1999.



Narkosgas för sedering på IVA
- Studieresultat

Meiser et al., Lancet Resp Med 2021.



Sederingseffektivitet Iso vs Prop

Proportion of time within sedation target

RASS=Richmond Agitation–Sedation Scale

Meiser et al., Lancet Resp Med 2021.

Non-inferiority 
margin

• 301 pat, 4 länder

➢ Isofluran godkänt i Europa för 
intensivvårdssedering



Opioidreduktion

Morphine equivalent dose intensity and pain scale 

• 29% lägre opioid-användning

Meiser et al., Lancet Resp Med 2021.

MED=Morphine Equivalent Dose. BPS=Behavioural Pain Scale



Opioidreduktion vid Covid-19 ARDS 
efter byte från midazolam till isofluran

Ferrière et al., J Crit Care 2021.
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Opioidreduktion och spontanandning hos ARDS-patienter

Meiser et al., Resp Care 2018.

Opioid consumption before and during isoflurane
sedation compared with propofol/midazolam

Propofol/
Midazolam

n = 19

Isoflurane
n = 19

P

SAPS II, points

Before 43.2 ± 15.2 40.2 ± 9.6 .47

6 h 41.4 ± 14.9 39.2 ± 9.8 .61

24 h 42.6 ± 13.8 35.7 ± 10.2 .10

Remifentanil, μg/kg/min n = 14 n = 16

Before 0.22 ± 0.09 0.19 ± 0.10 .39

6 h 0.23 ± 0.10 0.10 ± 0.04* .007

24 h 0.25 ± 0.09 0.09 ± 0.04* < .001

Sufentanil, μg/kg/h n = 5 n = 3

Before 0.68 ± 0.59 0.46 ± 0.66 .64

6 h 0.68 ± 0.58 0.29 ± 0.45 .20

24 h 0.52 ± 0.55 0.29 ± 0.45 .38

Spontaneous breathing

Before 3 (16) 2 (11) .64

6 h 3 (16) 12 (63) .003

24 h 3 (16) 17 (90) < .001



Uppvakningstider

Meiser et al., Lancet Resp Med 2021.

Time to wake-up during SAT

SAT = spontaneous awakening trial.

Day 1 Day 2

• Uppväckning dag 2

• Isofluran:
20 min (IQR 10-30 min)

• Propofol:
30 min (IQR 11-120 min)



Meiser et al., Lancet Resp Med 2021. 

Sedaconda-studien

Intubation Randomization Standard of care treatment

Isoflurane (n=150)

Propofol (n=151)

<48 hours

SAT

24±6 hours

SAT

48±6 hours

Follow-up after end of study sedation

24 hours 7 days 30 days

Sedative dose titration 
RASS every 2 hours

Sedative dose titration 
RASS every 2 hours
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Kong et al., BMJ 1989.

275 min 58 min 

Återhämtning efter sedering

Kognitiv återhämtning
Mediantid från 

sederingsstopp till att pat 
kunde skriva sin 

hemadress

Midazolam Isofluran

Spridning: 25-75% 75-1440 min 20-270 min



Kognitiv återhämtning
- efter 96 timmars sedering

Sackey et al., Crit Care Med 2004.

Time to follow verbal command from termination of sedation

• Tid till att följa uppmaning

• Isofluran:
10 ± 8 min

• Midazolam:
110 ± 130 min



Propofol inte så 
oproblematiskt?

J-L Vincent:
“Indeed, in research there is rarely a last 
word, and we should always keep our 
minds open to new data whether or not 
they support our current standpoint.”

Kotani, Crit Care. 2023 Apr



IVA-tid / ventilatortid

Bracht et al, J Crit Care, Dec 2023



IVA-tid / ventilatortid

• 3,5 d kortare IVA-vårdtid

• Tid från extub till att lämna IVA: 

• Isofluran: 2,5 d

• Propofol: 4,7 d

Post-hoc analysis1 of the Sedaconda study2

(n=178)

Duration of ICU stay and mechanical ventilation

1. Bracht et al. J Crit Care 2023. 
2. Meiser et al. 2021



Mindre polyfarmaci och RRT med isofluran vs prop

Bracht et al. 2023. 



https://www.nice.org.uk/guidance/mtg65/

1. Recommendations

1.1 Sedaconda ACD-S (Anaesthetic Conserving Device) is recommended as a cost-saving
option for delivering inhaled sedation in an intensive care setting when the volatile 
anaesthetics isoflurane or sevoflurane are being considered.

1.2 Further research is recommended to identify any health conditions or groups of patients that 
would benefit more from inhaled sedation with Sedaconda ACD-S than from standard care. 



https://www.nice.org.uk/guidance/mtg65/

“Cost modelling shows that, over 30 days, Sedaconda ACD-S is cost 
saving compared with intravenous propofol sedation by £3,833.76 per 
adult.“



ARDS

Jabaudon et al., Am J Resp Crit Care Med 2017.

Evolution of PaO2/FiO2 ratio (mmHg) during the
120-hour observation period

(intervention during the first 48 hours)

• Dag 2 – lägre nivåer av
både plasma och BAL-nivåer
av sRAGE i sevo-gruppen



ARDS, cytokines and other indicators 

1. Sweeney et al., Lancet 2016. 2. Huang et al., Lancet 2020. 3. Voigtsberger et al. Anesthesiol 2009. 4. Ferrando et al., Eur J Anaesthesiol
2013. 5. Strosing et al., Anesth Analg. 2016. 6. Kellner et al., Anesth Analg. 2017. 7. Jabaudon et al., Am J Resp Crit Care Med 2016. 8. Sackey 
et al., Crit Care Med. 2004. 9. Mesnil et al., Intensive Care Med. 2011.

EFFECTS OF 
INHALED ANAESTHETICS 

ON ARDS

General findings 
in ARDS

(Sweeney 2016)1

Findings in 
Corona virus 

infection and ARDS 
(Huang 2020)2

Effects of Inhaled Anaesthetics (isoflurane and/or sevoflurane) 
vs Intravenous Anaesthetics (controls)

Voigtsberger 
20093

(rat model)

Ferrando 
20134

(pig model)

Strosing 
20165

(mouse model)

Kellner 
20176

(rat model)

Jabaudon 
20177

(human)

Pro-inflammatory 
cytokines

TNF-alpha ↑ ↑ ↓ ↓ NA NA ↓

IL-1 beta ↑ ↑ ↓ ↓ ↓ NA NS

IL-6 ↑ NA ↓ ↓ NA ↓ ↓

IL-8 ↑ ↑ NA ↓ NA NA ↓

IL-10 ↑ ↑ NA NA NA NS NA

MCP-I ↑ ↑ ↓ NA NA NS NA

CINC-I ↑ NA ↓ NA NA ↓ NA

Other markers of 
lung injury

White blood cell count in alveoli ↑ NA ↓ ↓ ↓ ↓ NA

Lung fluid permeability/edema ↑ NA ↓ ↓ NA ↓ NA

Alveolar histological disruption ↑ NA Maintained NA Maintained NA NA

S-RAGE ↑ NA NA NA NA NA ↓

Oxygenation ↓ ↓ ↑ ↑ ↑ ↑ ↑



Astma - bronkospasm

1. Shankar et al., Intensive Care Med 2006. 2. Turner et al., Resp Care 2012.

Isoflurane resulted in: 

• An immediate clinical improvement in all 11 children 

• An improvement in arterial pH

• A reduction in partial pressure of arterial carbon dioxide 
(PaCO2) in all 11 patients

Rapid weaning from mechanical ventilation 
occurred in 10 patients.

Isoflurane led to improvement in pH and pCO2  in patients with life-
threatening bronchospasm: 

• Between 4 to 24 hours, there was a statistically significant 
decrease in PIP (p=0.006)

• FIO2 decreased within 4 hours of initiation of isoflurane 
(p=0.001) 

• FIO2 decreased from 4 to 24 hours (p =0.02)



Säkerhetsaspekter

1. Sedaconda® SmPC – August 2021. 2. Rosenberg et al., Orphanet J Rare Dis 2015. 

Malign 
Hyperthermia (MH) 

Intracranial 
Pressure (ICP)

• During sedation with isoflurane, ICP may increase slightly.1

• Caution should be taken when administering isoflurane to patients with increased ICP, and 
ICP must be monitored in such patients.1

• Sedation with isoflurane is contraindicated in patients with known or suspected genetic 
susceptibility to MH.1

• MH is a rare genetic disorder (incidence 1/10.000–250.0002) where isoflurane sedation may 
trigger a skeletal muscle hypermetabolic state.



Malignant Hyperthermia

(MH)1-4

Propofol Infusion Syndrome 

(PRIS)5-8

Triggers
Volatile anaesthetics

Succinylcholine
Propofol

Dose-dependent No Yes (>4 mg/kg/d; >48h)

Incidence 1:10.000-1:250.000 1,1%

Therapy
Antidote dantrolene

Withdrawal of agent, cooling

No antidote

Symptomatic

Prevention
Medical history of family MH

No use in muscle disease

<4 mg/kg/h, <7 d
No use in children <16 y

Mortality <5% 51%

Malign hypertermi och PRIS

1. Larach et al., Anesthesiology 1994. 2. Glahn et al., Brit J Anaesth 2010. 3. Rosenberg et al., Orphanet J Rare Dis 2015. 4. Bandschapp et al., Swiss Med Wkly
2012. 5. Roberts et al., Critical Care 2009. 6. Krajčová et al., Critical Care 2015. 7. Mirrakhimov et al., Crit Care Res Pract 2015. 8. Eziefule et al., Am J Perinatol
Rep 2016.





AnaConDa

Ventilator/
Inspiratory side

Anaesthetic 
agent line

Evaporator

Patient side

Gas sampling 
port

Bacterial/Viral
filter

(Anaesthetic
gas reflector)



Mirus





Alpha-reflector
90-talet

Louis Gibeck – HME-filtrets uppfinnare



1

2

3

4

1. Sedaconda ACD

2. Syringe pump

3. Gas analyser

4. Gas scavenging

• Vaporizer

• Reflector

• Heat and Moisture Exchanger (HME)

Sedaconda ACD setup



1. AnaConDa/AnaConDa-S
2. Gas scavenging
3. Ventilator
4. Gas analyser
5. Syringe pump
6. Humidifier

Små tidalvolymer / Ventilatorplacering av ACD

1

2

3

45

6



Inhalationsgaser
• 5% av akutsjukhusens CO2

utsläpp
• 50% av utsläppen från periop

vård





Carbon Footprint of General, Regional, and Combined Anesthesia for Total Knee Replacements
McGain et al, Anesthesiology, December 2021.



Carbon Footprint of General, Regional, and Combined Anesthesia for Total Knee Replacements
McGain et al, Anesthesiology, December 2021.



Gasuppsamling



Arbetsmiljö - läckage till IVA-rummet med ACD?

Average time-weighted exposure limits for an 8-h working day (adapted 
from ref1)

Mean concentrations measured in the air remain below 2 ppm over time 
(well below recommended safety thresholds)

1. Herzog-Niescery et al. Minerva Anestesiol 2018. 2. Sackey et al. Crit Care Med 2005. 3. Djafari Marbini et al. JICS 
2009. 4. Mesnil et al. Intensive Care Med 2011. 5. Pickworth et al. Can J Anaesth 2013. 6. Gonzalez-Rodriguez et 
al. Rev Esp Anestesiol Reanim 2014. 

Exposure limits for isoflurane Measured exposure levels



Taken together, the evidence available to date supports the potential clinical benefits of using halogenated agents for ICU sedation, 
although further research is needed to confirm its efficacy and safety in large populations of critically ill patients, and its specific 
effects on important outcomes, such as lung and neurocognitive functions, among others.
…
However, the use of inhaled sedation may represent more than an alternative to intravenous sedation, and some national 
guidelines, such as in Germany, already suggest that inhaled sedation should be considered as a first-line strategy for mechanically 
ventilated patients for whom short wake-up times are targeted

Jabaudon et al, Anaesth Crit Care Pain Med 2022



Personcentrerad vård och sedering

1. https://www.ics.ac.uk/Society/Guidance/PDFs/Analgesia_and_Sedation.
2. Sackey et al., Anesthesiology 2010.

• UK Analgesia and Sedation guidelines (2014):
“There is insufficient evidence to recommend one regimen over another, and so the 
agents chosen should be individualized to the patient’s requirements, characteristics 
and the clinical situation.”1

• There is no ”one-size-fits-all” solution2

2

Patient 
characteristics

Current condition 
and treatment

Sedation

Analgesia

Drug
management

Benzodiazepines

Propofol

Inhaled anaesthetic agents

Alpha-2-agonists

Barbiturates

Antipsychotics

Mild analgesics

Opiates

Daily interruption of sedatives and opioids +/- 
spontaneous breathing test

Sedation scale-directed 
titration of sedation

Sequential sedation

Intermittent versus 
continuous administration

Pain monitoring

Age

Chronic illness

Risk factors for 
specific treatments (e.g. MH 
susceptibility long Q-T-time, 
atrioventricular block)

Pain, anxiety, delirium

Drug interactions

Specific acute 
organ dysfunction

Time course of illness and 
sedative need

Tailored Sedation 
& Analgesia Plan

Neuraxial analgesia



Lämpliga patientgrupper för inhalationssedering

IVA-pat med mekanisk ventilatorbeh

Sedationsdjup

RASS ≥ 0 RASS ≤ -1

1. Sedaconda ACD-S for sedation with volatile anaesthetics in intensive care. Medical technologies guidance. Published 
January 2022. https://www.nice.org.uk/guidance/mtg65



Lämpliga patientgrupper för inhalationssedering

IVA-pat med mekanisk ventilatorbeh

Sedationsdjup

RASS ≥ 0 RASS ≤ -1

Status 
epilepticus

Post-cardiac arrest
Hepatic 

and/or renal 
dysfunction

ARDS / 
ECMO

Bronchospasm

Inhaled SedationInhaled Sedation Inhaled SedationInhaled Sedation Inhaled Sedation

Difficult to sedate / 
High doses of IV

Inhaled Sedation

*Patient groups
recommended by a 
panel of experts in 
the NICE guidelines1

1. Sedaconda ACD-S for sedation with volatile anaesthetics in intensive care. Medical technologies guidance. Published 
January 2022. https://www.nice.org.uk/guidance/mtg65





mattias.schindele@regionjh.se
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