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La sédation par halogénes  
Pourquoi? Qui? Quand?

Use of volatile anethetics in ICU
When, why and how?



ICU-Analgo-Sedation
Skylla: PAIN, Agitation & Self-extubation
Charybdis: VAP & LOS



• Reduction of mechanical ventilation
from 7 to 5 days

• Reduction of ICU-stay (LOS)
from 10 to 6.5 days

• Reduction of mechanical ventilation
from 7 to 5 days

• Reduction of ICU-stay (LOS)
from 10 to 6.5 days

Kress JP et al NEJM 342:1471-7, 2003

Daily interruption of sedative infusions 
in critically ill patients undergoing 

mechanical ventilation



Unwarranted deep sedation harms

� 1x daily awakening trial
increases survival

� Deep sedation within first
48 hours increased mortality

Girard et al, Lancet 2008; 371:126-34
Shehebi et al, Am J Respir Crit Care Med 

2012; 186, 724-31



� Benzodiazepine (midazolam & lormetazepam ) 
� Barbiturate (methohexital & pentobarbital & thiopentone)
� Major tranquilizers (haloperidol)
� Propofol
� Gammahydroxybutyric acid
� Gabapentin
� Ketamin
� Volatile Anesthetics
� Dexmetetomidin / Clonidin

Thus there is only the choice of: 
Propofol und Dexmetetomidine/Clonidine
and Volatile Anesthetics and Barbiturates

Pharmacological Options for Sedation



KI: Porphyria

I: Intracranial Hypertension
EEG  burst suppression

only in combination

KI: Porphyria

I: Intracranial Hypertension
EEG  burst suppression

only in combination

Barbiturates



KI: Malignant Hyperthermia
TBI/SHT (w/o ICP-measurement)

I: When i.v. Sedation is problematic
(3-4 different agents needed)
Asthma bronchiale
Cardiovascular patients at risk
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Inhalational Sedation



• Predicted sedation duration < 7d 
- Fentanyl/Propofol
- Fentanyl/Isoflurane

• Predicted sedation duration > 7d
- Fentanyl/Midazolam or
- Fentanyl/Isoflurane

• Predicted sedation duration < 7d 
- Fentanyl/Propofol
- Fentanyl/Isoflurane

• Predicted sedation duration > 7d
- Fentanyl/Midazolam or
- Fentanyl/Isoflurane

Sedation protocol at my institution



• Breaking Status asthmaticus

• Postresuscitation

• All cardiovascular high-risk patients

• For short or long-term sedation

• When iv is not sufficient
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Inhalation Sedation: When?
Isoflurane/Fentanyl



• In septic patients (meeting the above criteria)

• Neurological patients requiring repeated 
neurological exams

• Cardiovascular patients at risk 
(aortic and vascular surgery)

• Patients with difficult airway

• 2nd line in severe intracranial hypertension

• In septic patients (meeting the above criteria)

• Neurological patients requiring repeated 
neurological exams

• Cardiovascular patients at risk 
(aortic and vascular surgery)

• Patients with difficult airway

• 2nd line in severe intracranial hypertension

Inhalation Sedation: When?
Isoflurane/Fentanyl



• Efficacious sedation with short onset 
and short duration ✔

• No accumulation ✔

• No active metabolites ✔

• Easy titration ✔
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Ideal Sedative IIdeal Sedative I



• No serious cardiopulmonary 
depression ✔

• Metabolism not affected by 
organinsufficiencies ✔

• No tolerance or addictive development 
for the drug in the patient ✔

• No serious cardiopulmonary 
depression ✔

• Metabolism not affected by 
organinsufficiencies ✔

• No tolerance or addictive development 
for the drug in the patient ✔

Ideal Sedative IIIdeal Sedative II



Ideal Sedative 
=

Volatile Anesthetic

Why?  3 reasons



1. reason: contextsensitive halftime

!
Infusionsdauer 



Halothan 10 - 20% 
Sevofluran 3 - 5%
Enfluran 2 - 3%
Isofluran 0,2%
Desfluran 0,02%

Basically no metabolism



• Technical Problems with application: 
need for anesthesia machines

• Room air contamination with open 
system as in ICU-ventilators and lack 
of gas scavenging systems
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need for anesthesia machines
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Before the advent of the 
ANACONDA

Before the advent of the 
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Clinical studies I



Intravenous Sedation

?

?

?

?
??

?

2. reason: control

?

? ?



Inhalational Sedation

2. reason: control, endtidal measurement

!



Patient

Gasprobenleitung

Gasmonitor

Spritzenpumpe

Beatmungsgerät

Anästhetika-
zuleitung



AnaConDaTM

Anesthetic Conserving Device
AnaConDaTM

Anesthetic Conserving Device



What is AnaConDa

housing

electrostatic
bacterial-/viralfilter

reflector
consists of activated carbon fibres

housing

evaporator
(evaporates volatile anaesthetics)

agent line



All in One !

Vapor Circlesystem
Low Flow

Bakteria-/Virusfilter

HME 
(passive humidifier)
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Clinical studies II



10 vs 110 min10 vs 110 min

Sackey PV et al Crit Care Med 32:2241-6, 2004



10 vs 252 min10 vs 252 min

Sackey PV et al Crit Care Med 32:2241-6, 2004



After 50 hrs of sedation





3. reason: Organprotection

Volatile anesthetic-induced cardiac protection: mol ecular mechanisms, clinical aspects, and 
interactions with nonvolatile agents.

Lotz C, Kehl F., J Cardiothorac Vasc Anesth. 2015;2 9:749-60



Kehl et al., Anesthesiology 96:675-680, 2002 
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Isoflurane Cardioprotection from 0.25



Smul T et al., J Cardiothorac Vasc Anesth. 2009Smul T et al., J Cardiothorac Vasc Anesth. 2009
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Smul et al., J Cardiothor Vasc Anesth 23:600-6, 2009Smul et al., J Cardiothor Vasc Anesth 23:600-6, 2009
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Redel et al., Exp Biol Med (Maywood);234(10):1186-9 1, 2009
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All Volatile Anesthetics confer Anesthetic-induced 
Postconditioning

All Volatile Anesthetics confer Anesthetic-induced 
Postconditioning



Hyperglycaemia
Diabetes Mellitus
Hyperglycaemia
Diabetes MellitusAdvanced AgeAdvanced Age

β-adrenergic Receptor Blockersβ-adrenergic Receptor Blockers
PropofolPropofol

Lotz C, Kehl F., J Cardiothorac Vasc Anesth. 2015;2 9:749-60
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Cerebroprotection in vitro

40
45
50
55
60
65
70
75
80

Control 1.0 MAC 2.0 MAC 3.0 MAC

%
F

un
ct

io
na

lS
lic

es *

* †

Kehl et al., Brain Res 2004;1021:76-81



40
45
50
55
60
65
70
75
80

Sha
m

Sev
o

Sev
o+

5-
HD

5-
HD+Sev

o
5-

HD C
on

tro
l%

F
un

ct
io

na
lS

lic
es * †

* vs. Sham
† vs. 5-HD

Cerebroprotection in vivo



*

Cerebroprotection in vivo









Mortality reduced by 50% in CABGMortality reduced by 50% in CABG



Anesthesiology 2016;124:1230-45.
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Which Anesthetics in cardiac risk? 

Volatiles: what else!



• Superior Control of level of sedation
without tolerance development

• Organprotection

• Superior Control of level of sedation
without tolerance development

• Organprotection

Inhalational Sedation as a new 
therapeutic option



In 86 patients from the primary cohort, isoflurane sedation was 
started within 72 h of commencing ventilation (group ISO).

A further 237 patients received only intravenous drugs for 
sedation (group Prop/Mida). 

In 46 patients, isoflurane was given late in the course of 
ventilation after a period of sedation with propofol or 
midazolam (mixed group).

Patients from the departments of General Surgery, Vascular 
Surgery and Orthopedic and Trauma Surgery.





Eur J Anesthesiol, 2015;32:1-8



Summary

• Superior Control with volatile Anesthetic Sedation

• Protection presumably in all organ systems

• Isoflurane or Sevoflurane with AnaConDa

• Standard of the future?
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