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Symposium
stellenwert der 
inhalativen anästhetika

Dienstag, 4. Februar 2014
16.15–20.00 uhr
Kantonsspital Winterthur, Aula U1

save the Date

symposien 2014

am institut für anästhesiologie und schmerztherapie 

Dienstag, 3. Juni 2014

anästhesiologische Überlegungen bei  

laparoskopie in extrempositionen

Dienstag, 21. Oktober 2014

Kinderanästhesie

      jeweils 16.15–20.00 Uhr



prof. Dr. med. Beatrice  
Beck-schimmer
Leitende Ärztin Anästhesiologie
Universitätsspital Zürich

prof. Dr. med. Manfred  
seeberger
Leitender Arzt Anästhesiologie
Universitätsspital Basel

Dr. med. Martin urner
Assistenzarzt Institut für Anäs-
thesiologie und Schmerztherapie
Kantonsspital Winterthur

Dr. med. Daniel Button
Leitender Arzt Institut für Anäs-
thesiologie und Schmerztherapie
Kantonsspital Winterthur

Dr. med. Daniel Borer
Leitender Arzt Institut für Anäs-
thesiologie und Schmerztherapie 
Kantonsspital Winterthur

referentin und referenten Moderation

Dr. med. Daniel Borer
Leitender Arzt 
Institut für Anästhesiologie  
und Schmerztherapie 
Kantonsspital Winterthur

liebe Kolleginnen, liebe Kollegen

Ist die Narkose mit inhalativen Anästhetika veraltet? 
Man hätte es lange Zeit meinen können, stellt doch  
Propofol eine sehr verlockende Alternative dazu dar. 
Aber auch hier gilt: Totgeglaubte leben länger, und dies 
mit gutem Grund! Die aktuelle Forschung beleuchtet 
vorteilhafte Eigenschaften der inhalativen Anästhetika, 
die deren Aufschwung mehr als rechtfertigen. 

Wir freuen uns, Sie zu diesem Thema in Winterthur 
begrüssen zu dürfen, und sind überzeugt, mit Ihnen und 
den Referenten in eine spannende nächste Runde  
«Anästhesiesymposien Winterthur» starten zu können.

Herzliche Grüsse

PD Dr. med. Michael Ganter
Direktor 
Institut für Anästhesiologie
und Schmerztherapie
Kantonsspital Winterthur



Symposium 
stellenwert der inhalativen anästhetika

Datum
Ort
Zeit

16.15–16.20 Uhr

16.20–17.05 Uhr

17.05–17.50 Uhr

17.50–18.20 Uhr

18.20–19.05 Uhr

19.05–19.50 Uhr

19.50–20.00 Uhr

Dienstag, 4. Februar 2014
Kantonsspital Winterthur, aula u1
16.15 bis 20.00 uhr

eröffnung des symposiums
PD Dr. med. Michael Ganter

organprotektive effekte von volatilen anästhetika
Prof. Dr. med. Beatrice Beck-Schimmer

inhalative anästhetika auf der intensivstation
Dr. med. Martin Urner

pause mit apéro

Volatile vs. intravenöse anästhesie bei nicht   
kardiochirurgischen patienten
Prof. Dr. med. Manfred Seeberger

propofol – die bessere alternative?
Dr. med. Daniel Button

Diskussion

Die Veranstaltung wird von der sGar mit 3,5 credits anerkannt.



Kantonsspital
Winterthur

Brauerstrasse 15
Postfach 834
CH-8401 Winterthur
Tel. 052 266 21 21
www.ksw.ch

Kontakt

institut für anästhesiologie und schmerztherapie

organisation
Dr. med. Daniel Borer
Leitender Arzt

pD Dr. med. Michael Ganter
Direktor 

information und anmeldung
regina Broger
Chefsekretariat
Tel. 052 266 27 92

anmeldung bis spätestens 2. Februar 2014 an 
anaesthesiologie@ksw.ch
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save the Date

symposien 2014

am institut für anästhesiologie und schmerztherapie 

Dienstag, 3. Juni 2014

anästhesiologische Überlegungen bei  

laparoskopie in extrempositionen

Dienstag, 21. Oktober 2014

Kinderanästhesie

      jeweils 16.15–20.00 Uhr

Die Veranstaltung wird unterstützt von:



Daniel Button
4. Februar 2014

Propofol –
 

die bessere Alternative?
 

Daniel Button, 4. Februar 2014
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Interessenkonflikte

Es bestehen (leider) keine monetären Beziehungen zwischen dem 
Vortragenden und der Industrie zu Inhalten aus diesem Referat
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INHALT



 

Propofol – volatiler als man denkt…



 

TIVA oder TCI – wo ist die Evidenz



 

Kostendruck – weniger Anästhesisten dank 
Propofol



 

Propofol versus Inhalationsanästhetika – ein 
kritischer Blick in die Literatur



 

Ist Propofol die bessere Alternative?
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On-line monitoring of end-tidal propofol concentration in anesthetized patients.
Takita A et al. Anesthesiology. 2007 Apr;106(4):659-64. 
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Grossherr M et al. Br. J. Anaesth. 2009;102:608-613

Propofol 6 mg kg−1 h−1Propofol 3 mg kg−1 h−1
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CONCLUSIONS: 

Propofol can be measured in exhaled gas from the beginning until the 
end of propofol anaesthesia. The different time courses of c(P)PL 
and c(P)G have to be considered when interpreting c(P)G.

Grossherr M et al. Br. J. Anaesth. 2009;102:608-613

Arbeitsplatzkonzentration?
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A prospective controlled study to determine the blood propofol concentration in 
anesthesiologists exposed to propofol vapor in the expired gases

 

of patients 
receiving propofol-based intravenous sedation.

Xiong M. J Clin Anesth. 2011 Nov;23(7):549-51

MAIN RESULTS:

„None of the anesthesiologists had detectable blood propofol concentration in either the 
pre-exposure or post-exposure sample. The positive control and the negative control had 
detectable and non-detectable blood propofol concentration, respectively“



9

Occupational exposure to anaesthetic gases: a role for TIVA.
Irwin MG et al.; Expert Opin Drug Saf. 2009 Jul;8(4):473-83. 

„Levels of inhalational anaesthetics in the ambient air of operating theatres and 
recovery rooms often exceed those stated in national guidelines.

Such contamination could be avoided with the use of total intravenous anaesthesia.“
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Isofluran bei Wachsaalpflegepersonal

 
Irwin MG et al.; Expert Opin Drug Saf. 2009 Jul;8(4):473-83



11

DESIGN:
Retrospektive Cohortenstudie 1990-2000 in Kanada

RESULTS:
15,317 live-borne children of 9,433 mothers, 1,079 had congenital anomalies (heart and integument)
Anomalies were associated with maternal exposure to halogenated gases (ORs: 1.49, 95% CI: 1.04-2.13) and 
nitrous oxide (ORs: 1.42, 95% CI: 1.05-1.94) 
Gases most frequently associated with anomalies were halothane (predominantly used early in the study 
period), isoflurane, and sevoflurane (predominantly used later in the period).

CONCLUSIONS: 
In this study, exposure and outcome was assessed objectively, certain congenital anomalies were associated 
with estimated anesthetic gas exposure.

Teschke K et al. Am J Ind Med. 2011 Feb;54(2):118-27. 

Kongenitale Anomalien nach Anästhesie-Gas-Exposition?
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RICHTIG
 
oder

 
FALSCH?

TIVA oder TCI spielt keine Rolle!
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Breslin DS et al.; Anaesthesia 2004 Nov;59(11):1059-63.

Propofolbedarf 

TCI
TIVA
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Use of a target-controlled infusion system for propofol does not   
improve subjective assessment of anaesthetic depth by 
inexperienced anaesthesiologists.

 
Rehberg B 
Eur J Anaesthesiol. 2007 Nov;24(11):920-6. Epub 2007 Jun 22.

Prospektive randomisierte Studie
96 ASA I-III Patienten mit minor surgery
Blinde Aufzeichnung vom BIS

Identischer Verbrauch an Propofol
Signifikanter Unterschied in der Hypnose (Manuell deutlich 
«oberflächlichere»

 

Narkoseführung gegenüber TCI)
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Target-controlled infusion anesthesia with propofol and   
remifentanil compared with manually controlled infusion 
anesthesia in mastoidectomy surgeries.

 
Yeganeh N 
Middle East J Anesthesiol. 2010 Oct;20(6):785-93.

The hemodynamic variability, recovery profile, postoperative 
nausea and vomiting (PONV), surgeons satisfaction were 
assessed

TCI is capable to induce and maintain anesthesia as well as 
MCI. Recovery profile and complication rate and surgeon's 
satisfactions

 

are more acceptable in the TCI than in the MCI 
Group.
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A comparison of target controlled versus manually controlled 
infusion of propofol in elderly patients.

 

Li M et al. Zhonghua Yi Xue Za Zhi. 2011 Mar 8;91(9):600-3. 
[Article in Chinese] 

Conclusion:

 

Although target infusion system is easy to use and requires less time of adjustment, 
it fails to show added benefit on propofol consumption, hemodynamic stability, 
anesthesia depth and recovery in elderly patients.
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Leslie K et al.; Cochrane Database Syst Rev. 2008 Jul 16;(3):CD006059

Induktionsdosis
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Leslie K et al.; Cochrane Database Syst Rev. 2008 Jul 16;(3):CD006059
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Propofol Gesamtdosis

Leslie K et al.; Cochrane Database

 

Syst Rev. 2008 Jul 16;(3):CD006059
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Target-controlled infusion versus manually-controlled infusion of propofol for 
general anaesthesia or sedation in adults.

 

Leslie K et al.; Cochrane Database Syst Rev. 2008 Jul 16;(3):CD006059. 

OBJECTIVES:
To assess whether TCI of propofol is as effective as MCI of propofol with respect to 
quality of anaesthesia or sedation, adverse events and propofol drug cost.

MAIN RESULTS:
Twenty trials of poor quality

 

that involved 1759 patients were included. 

TCI was associated with higher total doses of propofol than was MCI resulting in marginally higher 
propofol drug costs. (?)

However, fewer interventions were required by the anaesthetist during the use of TCI compared 
with MCI. No clinically significant differences were demonstrated in terms

 

of quality of 
anaesthesia or adverse events.
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Target-controlled infusion versus manually-controlled infusion of propofol for 
general anaesthesia or sedation in adults.

 

Leslie K et al.; Cochrane Database Syst Rev. 2008 Jul 16;(3):CD006059. 

CONCLUSION:

“This systematic review does not provide sufficient evidence for us to make 
firm recommendations about the use of TCI versus MCI in clinical

 

anaesthetic 
practice.”

Einziger systematischer Review!
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TIVA oder TCI spielt keine Rolle!

RICHTIG!



24

INHALT



 

Propofol – volatiler als man denkt…



 

TIVA oder TCI – wo ist die Evidenz



 

Kostendruck –

 

weniger Anästhesisten dank 
Propofol



 

Propofol versus Inhalationsanästhetika – ein 
kritischer Blick in die Literatur



 

Ist Propofol die bessere Alternative?



25

Gilt nicht für AnästhesistInnen!
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SEDASYS Propofol Sedation System
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Es geht ohne Anästhesisten!

Unsedated colonoscopy: patient characteristics and satisfaction in a 
community-based endoscopy unit.
Petrini JL et al.; Gastrointest Endosc. 2009 Mar;69(3 Pt 1):567-72.

2100 Patienten für elektive Kolonoskopie
576 verzichten « freiwillig » auf Sedation / Analgesie  81.1% (470) beenden Prozedur ohne 
Medikation

„A total of 458 of the 470 unsedated patients (97.4%, 95% CI, 95.6%-98.5%) were satisfied with 
their comfort level during the procedure and are willing to have their next colonoscopies 
without sedation.“
Conclusions: Colonoscopy without sedation is feasible, effective, and well tolerated in a typical 
U. S. population.

....aber auch ohne Sedasys!!



31

INHALT



 

Propofol – volatiler als man denkt…



 

TIVA oder TCI – wo ist die Evidenz



 

Kostendruck – weniger Anästhesisten dank 
Propofol



 

Propofol versus Inhalationsanästhetika –

 

ein 
kritischer Blick in die Literatur



 

Ist Propofol die bessere Alternative?



32

Sevofluran versus Propofol in Mammachirurgie bei Frauen

Chen HP et al.; Biomed J. 2013 May-Jun;36(3):125-31.
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Chen HP et al.; Biomed J. 2013 May-Jun;36(3):125-31.

CONCLUSION: 
We observed that when compared with sevoflurane, propofol given for the maintenance of 
general anesthesia improves the postoperative patient well-being and reduces the incidence 
of PONV. Furthermore, total intravenous anesthesia with propofol resulted in significant cost 
reductions.
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Target-controlled infusion (Propofol) versus inhaled anaesthetic (Sevoflurane) 
in patients undergoing shoulder arthroscopic surgery

 
Tantry TP et al.; Indian J Anaesth. 2013 Jan;57(1):35-40

AIM:
This study aimed to compare the efficacy and convenience of target controlled 
infusion (TCI) of propofol and inhalational agent sevoflurane in patients undergoing 
shoulder arthroscopic surgery after preliminary inter-scalene blockade.

Sichtverhältnisse für den Operateur?
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Target-controlled infusion (Propofol) versus inhaled anaesthetic (Sevoflurane) 
in patients undergoing shoulder arthroscopic surgery

 
Tantry TP et al.; Indian J Anaesth. 2013 Jan;57(1):35-40
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Target-controlled infusion (Propofol) versus inhaled anaesthetic (Sevoflurane) 
in patients undergoing shoulder arthroscopic surgery

 
Tantry TP et al.; Indian J Anaesth. 2013 Jan;57(1):35-40

CONCLUSION: 
TCI propofol appears to be superior to and more convenient than sevoflurane 
anaesthesia in inter-scalene blocked patients undergoing shoulder arthroscopy.
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Intravenous versus inhalation anaesthesia for one-lung ventilation
Modolo NS et al.; Cochrane Database Syst Rev. 2013 Jul 11;7

OBJECTIVES: 
The objective of this review was to evaluate the effectiveness and safety of 
intravenous versus inhalation anaesthesia for one-lung ventilation.

MAIN RESULTS: 
We included in this updated review 20 studies that enrolled 850 participants. 
The methodological quality of the included studies was difficult to assess as 
it was reported poorly, so the predominant classification of bias was 
'unclear'.
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AUTHORS' CONCLUSIONS: 

Very little evidence from randomized controlled trials suggests differences in 
participant outcomes with anaesthesia maintained by intravenous versus 
inhalational anaesthesia during one-lung ventilation.

If researchers believe that the type of drug used to maintain anaesthesia 
during one-lung ventilation is important, they should design randomized 
controlled trials with appropriate participant outcomes, rather than report 
temporary fluctuations in physiological variables.

Modolo NS et al.; Cochrane Database Syst Rev. 2013 Jul 11;7:CD006313
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Postoperative analgesia in children after propofol versus sevoflurane 
anesthesia. Hasani A et al.; Pain Med. 2013 Mar;14(3):442-6. 

…und bei Kindern?
DESIGN: 
Randomized, prospective, double-blind study

SUBJECTS: 
The subjects were 88 premedicated children, aged 3-6 years, Hernia repair

RESULTS / CONCLUSION: 
In children, anesthesia maintenance with propofol was associated with a significantly 
lower incidence of postoperative pain than with sevoflurane.
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Mit Gas oder Propofol -

 

Anästhesie ist sicher…

„…reported an anaesthesia-related death rate of 1.1 per million population per 
year and 8.2 per million hospital surgical discharges. The authors estimated that 
the mortality risk of anaesthesia for surgical inpatients was 0.82 in 100 000 
cases.“

Li G. et al.; Anesthesiology 2009; 110:759–765 
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Helsinki-Deklaration

According to the Declaration of Helsinki, published by the European Society of 
Anesthesiology (ESA) in 2010, the speciality of Anesthesiology and Intensive Care 
guards the patient’s safety and their quality of life after the surgery and anesthesia.

In view of that fact, the Declaration by itself emphasises the role of education and 
the need to improve anesthesiologists’ knowledge and qualifications in order to 
reduce perioperative morbidity and mortality.

Jannicke MO et al.; Eur J Anaesthesiol, 2010, 27, 592–597.
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TCI ist mehr als Perfusorprogrammierung

„The algorithms guiding TCI pumps are based on pharmacological data obtained from a 
relatively small number of healthy volunteers, which are then extrapolated, on the basis of 
sophisticated pharmacokinetic and pharmacodynamic modeling, to predict plasma 
concentrations of the drug and its effect on general population.“

Bienert A. et al.; Pharmacol Rep. 2012;64(4):782-95. Review
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Ein Wort zum BIS…
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Braucht‘s ein BIS für eine Allgemeinanästhesie?

CHABIS! Damit BISch
sicher!

Ein BISschen!



45

Awareness bei inhalativer Anästhesie

At present, there is no medical evidence that the 
routine use of devices to monitor the depth of 
anesthesia (BIS, entropy, SFX, AEP – auditory 
evoked potential) is a reliable protection from 
intraoperative awareness

Avidan MS; N Engl J Med. 2008 Mar 13;358(11):1097-108 

….doch wie und durch wen erfolgte die Interpretation?

At present, there is no medical evidence that the 
routine use of devices to monitor the depth of 
anesthesia (BIS, entropy, SFX, AEP – auditory 
evoked potential) is a reliable protection from 
intraoperative awareness

Avidan MS; N Engl J Med. 2008 Mar 13;358(11):1097-108 
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Was sagt die Literatur?



 

TCI oder TIVA?  Keine Evidenz


 

Braucht‘s ein BIS?  Daten widersprüchlich


 

Propofol oder Gas?  Einzelne Patientenkollektive profitieren eventuell vom 
einen oder anderen Verfahren in Abhängigkeit von:

Patientenfaktoren
Operationsverfahren
Anwenderkenntnisse



49
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Sie fahren von Zürich nach Bern…


 

Seit Jahren bewährt



 

Hinten kommt Gas raus…



 

Organprotektiv?



 

Möglicherweise Aufregung bis zur Ankunft



 

Übelkeit nach Kurvenfahrt häufig



 

Schnell und sicher



 

Voll automatisierte Leitstelle



 

Hohe Fahrqualität (Kaffee, Schlafen möglich)
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Danke für Ihre Aufmerksamkeit!

daniel.button@ksw.ch



Volatile Anästhetika vs. TIVA bei 

nicht kardiochirurgischen Patienten 
Manfred Seeberger 

Departement Anästhesie & operative Intensivbehandlung 
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High Morbidity and Mortality  

in patients at high cardiac risk  

who undergo noncardiac surgery 



 30-day mortality 
 
  ~ 1/30     JACC 2003; 42:1767 

 ~ 1/20     Acta Anaesth Belg 2008; 42:1767 

 
 
 

 One-year mortality 
  
 ~ 1/6  (50% cardiac deaths)  JACC 2003; 42:1767 
 ~ 1/8   (21% cardiac deaths)  Circulation 2012; 126:2696 

 

Populations at high cardiac risk  
who undergo major noncardiac surgery 



Can we protect our patients by 
using volatile anesthetics? 

Anesthetic preconditioning 



Ischaemic Preconditioning 

Kloner & Jennings, Circulation 2001 



Preconditioning 

1986  

 Detection of ischaemic preconditioning in 
 myocardium of rabbits 

1997  

 Detection of a preconditioning effect of isoflurane 



Volatile Anaesthetic Preconditioning 

In vitro and animal studies 
! Troponins 

! Infarct zones in myocardium at risk 
 

Studies in elective CABG patients 

! Troponins 

" Cardiac function (e.g., higher CO)  

! LOS ICU, LOS hospital 

" Outcome? 



Ø  38 RCT 1991-2012, 3‘642 pts (TIVA – Sevo, Iso, Des ) 

Ø  Mostly standard CPB & CABG 



Outcome: Volatile vs. TIVA 

v  Mortality       
   1.3% vs. 2.6% 
 NNT = 74, OR 0.42 (0.31-0.59), p=0.004 

v  Myocardial infarction     

   2.3% vs. 4.7% 

 NNT = 42, OR 0.42 (0.31-0.59), p=0.003 



Ø  Volatile anaesthetics seem to be beneficial in 

patients who undergo CABG surgery 









Gefahren in den Bergen 



Alpine Notfälle aufgeschlüsselt 
nach Tätigkeit 



ACC/AHA Guidelines for Increasing 

Safety in the Mountains  

• ACC = Association of Cable Cars 
 
• AHA = Alpine Hotels‘ Association 



•  People without hiking boots must not be 
transported into alpine areas by cable cars 

 
• Alpine hotels with a panorama platform must use 

sufficiently high fences to keep guests with 
„sneakers“ in a safe area 
       www.AHA-ACC.com 

ACC/AHA Guidelines for Increasing 

Safety in the Mountains  















Volatile Anaesthetic Preconditioning 
- 

Studies outside cardiac surgery 



Volatile Anaesthetic Preconditioning 
- 

Studies outside cardiac surgery 

•  Retrospective analysis of data collected for a drug study 
•  784 vascular surgical patients with/at riks for CAD 

• Volatile anaesthetics:  319 patients 
• TIVA:     465 patients 





• Prospective, randomized study of 88 noncardiac surgical patients 

Sample size?? 

J Cardiothorac Vasc Anaesth 2011 



Volatile anaesthetics for all patients at 
cardiac risk... 

 
...without advantage at worst! 

Volatile anaesthetics  
     –  
   free of disadvantages and risks? 



Volatile Anaesthesia vs. Propofol TIVA  
Gupta et al, Anesth Analg 2004 (systematic review) 

Postoperative side effects: 

Isofluran Desfluran Sevofluran 

Nausea ↑ ↑ ↑ 

Vomiting ↑ ↑ ↑ 

Use of antiemetics ↑ ↑ ↑ 



Nausea – a Problem?  

 

•  Absence of nausea is more important for patients than 
 absence of pain 
                    Eberhart et al, Br J Anaesth 2002  

 

•  Medical personnel tends to underestimate the morbidity 
 caused by PONV 

                    Lee et al, Anesth Analg. 2005  



Study centers: Basel, Solothurn, Liestal 



Study question 1 

Does anesthesia maintenance with sevoflurane 

compared to propofol  

Ø Reduce incidence of periop. myocardial ischemia 

 Troponin T, Holter ECG (48h each) 

Ø Impact postoperative NT-proBNP release 

Ø Affect the incidence of MACE & mortality at 1 year 

…in patients undergoing major noncardiac surgery?  

 



Methods: population 

•  Patients with known CAD undergoing major 
noncardiac surgery 

OR 

•  Vascular surgical patients with ≥ 2 of the following 
risk factors:  

 age > 70 years; diabetes mellitus requiring treatment;  
 arterial hypertension; history of stroke,  
 functional capacity < 4 MET, ECG abnormality 



in Basel, Solothurn, Liestal 



Results: Patient Characteristics 

  
Sevoflurane  

n (%) 

Propofol        

n (%) 

Age (SD), years 72 (8) 73 (8) 

Men 138 (75) 156 (78) 

ASA III 155 (84) 160 (80) 

History of CAD 128 (70) 156 (78) 

History of TIA/stroke 21 (11) 24 (12) 



  Sevoflurane  

n (%) 

Propofol        

n (%) 

History of CHF 4 (2) 9 (5) 

History of diabetes 42 (23) 41 (20) 

Creatinin >170 

mmol/L 
5 (3) 7 (4) 

Results: Patient Characteristics 



Results: Type of  Surgery 

  
Sevoflurane  

n (%) 

Propofol        

n (%) 

 Major vascular 111 (60) 114 (57) 

 Major orthopedic  46 (25) 55 (27) 

 Major general 24 (13) 31 (15) 



Results: Ischemia and MACE 

Wach auf, Fritz, jetzt kommt das Beste! 



Results: Ischemia and MACE 

  Sevoflurane Propofol RR (95%CI) 

Ischemia 75 (41) 81 (40) 1.01 (0.78-1.30) 

MACE 14 (8) 17 (9) 0.90 (0.43-1.87) 

Cardiac mortality 5  (3) 5  (3) 1.10 (0.28-4.30) 

All-cause mortality 25 (14) 23 (11) 1.22 (0.67-2.10) 



Results: Postoperative NTproBNP 



Results: Postoperative NTproBNP 

Sevoflurane Propofol p-value 

Day 1 526   
(257-1032) 

559 
(238-1235) 0.71 

Day 2 933 
 (451-1671) 

929 
 (418-2069) 0.77 

Median (interquartile range)  



Neurological Effects of Sevoflurane 



Neurological Effects of Sevoflurane 

•  Animal studies suggest neuroprotection 

•  Some evidence supporting a 

neuroprotective effect of sevoflurane in 

patients undergoing cardiac surgery 



Study question 2 

Does sevoflurane compared to propofol 

reduce the incidence of delirium up to 7 

days after major noncardiac surgery? 
 

 ! "Confusion assessment method (CAM) on 

 postoperative days 1,2, and 7 or discharge 

 

 



Results: Postoperative delirium 

Sevoflurane Propofol RR (95%CI) 

21 (11) 29 (14) 0.79 (0.45-1.38) 

Number of patients (%)  



Study question 3 

Does sevoflurane compared to propofol 

affect  

•  The incidence of PONV? 

•  Patient satisfaction? 

 Measurements: Numeric rating scale (0-10) 

 



Incidence of PONV 



Patient Satisfaction 



Conclusions 



Conclusions 

Sevoflurane compared to propofol did not reduce 

Ø  Perioperative myocardial ischemia 

Ø  NTproBNP release 

Ø  MACE or mortality at 1 year 

Ø  Postoperative delirium 



Conclusions 

Sevoflurane compared to propofol 

Ø  increased PONV on POD 1 

Ø  did NOT affect patient satisfaction 



La potion magique... 



Take-home message 

 

Ø “volatile preconditioning” is no reason to 

prefer sevoflurane to propofol in patients 

who undergo noncardiac surgery 



Thank you for your attention  

Wallis, Switzerland 





De Hert et al, Anesthesiology 2004 



Preconditioning - Reperfusion 
CPB 

CPB 

CPB 

CPB 
De Hert et al, Anesthesiology 2004  



Symposium Stellenwert der inhalativen Anästhetika 
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•  Studies: Volatile anaesthetics protect parenchymatous 

organs 
 
•  Studies: No benefit with volatile anaesthetics  
 
•  Speculation: Why protection in which situation 

Agenda 



Preconditioning with ischemia: a delay of lethal cell 
injury in ischemic myocardium 

 
Murry CE, Jennings RB, Reimer KA 

 
Circulation, 1986 

 

Ischemic preconditioning 



Dog heart:  

Murry et al., Circulation, 1986 

Ischemic preconditioning 



- decreased  myocardial 
infarction size 

- improved wall motion 

- less arrhythmia 

Murry et al., Circulation, 1986 

Ischemic preconditioning 



Preconditioning heart: cellular signaling 

Raeburn et al., Arch Surg, 2001 

Volatile anaesthetics 

Preconditioning 



Reperfusion Ischemia 

Preconditioning Reperfusion Ischemia 

Postconditioning Reperfusion Ischemia 

Conditioning Reperfusion Ischemia 

Postconditioning Reperfusion Ischemia Preconditioning 

Protective procedures 
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Anesthesiology, 1997 

Anesthetic-induced Preconditioning: Previous 
Administration of Isoflurane Decreases Myocardial 

Infarct Size in Rabbits 
 

Cason, Brian A. MD; Gamperl, A. Kurt PhD; Slocum, Robert E. 
BS; Hickey, Robert F. MD 

Heart and volatile anaesthetics 
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Cason et al., Anesthesiology, 1997 

Heart and volatile anaesthetics 
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Cason et al., Anesthesiology, 1997 

Heart and volatile anaesthetics 



Anesthesiology, 2003 

Heart and volatile anaesthetics 



Julier, Anesthesiology, 2003 

Heart and volatile anaesthetics 



Julier, Anesthesiology, 2003 

Heart and volatile anaesthetics 



J Cardiothorac Vasc Anesth, 2006 

Heart and volatile anaesthetics 



-  Prospective randomized study 

-  Multicenter study (3 University hospitals) 

-  CABG surgery, off-pump 

-  112 patients 

-  Primary endpoint: desflurane (0.5 – 2 MAC) vs. propofol 

-  Postoperative cardiac troponin release 

-  Mechanical ventilation, ICU stay, hospitalisation	


Heart and volatile anaesthetics 



Guarracino et al., 
J Cardiothorac 
Vasc Anesth, 2006 

Heart and volatile anaesthetics 



Guarracino et al., J Cardiothorac Vasc Anesth, 2006 

Heart and volatile anaesthetics 



Guarracino et al., J Cardiothorac Vasc Anesth, 2006 

Heart and volatile anaesthetics 



Lung and volatile anaesthetics 

Anesthesiology, 2011 



Lung and volatile anaesthetics 

Schilling et al., Anesthesiology, 2011 

-  3 groups: propofol vs desflurane and sevoflurane 
anaesthesia (each group n=21) 

 
-  Bronchoalveolar lavage of ventilated lung after 

intubation, before thoracotomy and 30 min after 
surgical procedure 



Lung and volatile anaesthetics 

Schilling et al., Anesthesiology, 2011 



Lung and volatile anaesthetics 

Schilling et al., Anesthesiology, 2011 



Lung and volatile anaesthetics 

Anesthesiology, 2009 



Lung and volatile anaesthetics 

De Conno et al., Anesthesiology, 2009 

-  Propofol vs sevoflurane anesthesia (each group 
n=27) 

 
-  Bronchoalveolar lavage of non-ventilated lung 

before and after OLV  



Lung and volatile anaesthetics 

De Conno et al., Anesthesiology, 2009 



Lung and volatile anaesthetics 

De Conno et al., Anesthesiology, 2009 



Lung and volatile anaesthetics 

De Conno et al., Anesthesiology, 2009 



Liver and volatile anaesthetics 

Ann Surg, 2007 



Liver and volatile anaesthetics 

Schmidt et al., Ann Surg, 2007 

Partial hepatic ischemia in rats 



Liver and volatile anaesthetics 

Schmidt et al., Ann Surg, 2007 



Anesth Res Pract, 2012 

Liver and volatile anaesthetics 



-  Randomisation: air only or air/sevoflurane 2 Vol% 
(each group n=30) 

 
-  Primary endpoint: postoperative liver injury (AST, 

ALT) 
 
-  Secondary endpoint: early allograft dysfunction 

Liver and volatile anaesthetics 

Minou et al., Anesth Res Pract, 2012 



Liver and volatile anaesthetics 

Minou et al., Anesth Res Pract, 2012 



Liver and volatile anaesthetics 

Minou et al., Anesth Res Pract, 2012 



Liver and volatile anaesthetics 

Ann Surg, 2012 



Liver and volatile anaesthetics 

Beck-Schimmer et al., Ann Surg, 2012 

Sevoflurane 
1.5 MAC 

Reperfusion Postconditioning ≥ 30 min Ischemia 



Liver and volatile anaesthetics 

Beck-Schimmer et al., Ann Surg, 2012 



Liver and volatile anaesthetics 

Beck-Schimmer et al., Ann Surg, 2012 



Liver and volatile anaesthetics 

Beck-Schimmer et al., Ann Surg, 2012 



Liver and volatile anaesthetics 

Anesthesiology, 2012 



Liver and volatile anaesthetics 

Müller-Edenborn et al., Anesthesiology, 2012 
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Liver and volatile anaesthetics 

Müller-Edenborn et al., Anesthesiology, 2012 



Kidneys and volatile anaesthetics 

Anesthesiology, 2004 



Kidneys and volatile anaesthetics 

Lee et al., Anesthesiology, 2004 

-  Right nephrectomy, 45 min left kidney ischemia, followed 
by reperfusion (rat model)	


	

-  Application of 1 MAC volatile anesthetics (isoflurane, 

sevoflurane, halothane, desflurane) during ischemia and 
for 3 hours of reperfusion	


-  Determination of plasma creatinine and renal 
inflammatory mediators	




Kidneys and volatile anaesthetics 

Lee et al., Anesthesiology, 2004 



Kidneys and volatile anaesthetics 

Lee et al., Anesthesiology, 2004 

Renal cortices, 24 hours: 



Kidneys and volatile anaesthetics 

Am J Physiol Renal, 2007 



Kidneys and volatile anaesthetics 

-  Right nephrectomy, 30 min left kidney ischemia, followed 
by reperfusion (mouse model)	


	

-  Application of 1 MAC of isoflurane during ischemia and 

for 3 hours of reperfusion	


-  Determination of plasma creatinine and renal 
inflammatory mediators	


Kim et al., Am J Physiol Renal, 2007 



Kidneys and volatile anaesthetics 

Kim et al., Am J Physiol Renal, 2007 



Kidneys and volatile anaesthetics 

Kim et al., Am J Physiol Renal, 2007 

Outer medulla after 24 hours: 

Isoflurane Control Pentobarbital 



Kidneys and volatile anaesthetics 

Clinical trials?? 



Kidneys and volatile anaesthetics 

ClinicalTrials.gov: 
 
- Volatile anesthetic protection of renal transplants 
  VAPOR-1-trail 
 
- Comparison of the protective effect of desflurane 
  and propofol in patients with renal transplantation 



No benefit with volatile anaesthetics 

Possible reasons for ‘failure’: 
 
- Retrospective approach 



HPB, 2012 

No benefit with volatile anaesthetics 



Slankamenac et al., HPB, 2012 

No benefit with volatile anaesthetics 



Slankamenac et al., HPB, 2012 

No benefit with volatile anaesthetics 



Slankamenac et al., HPB, 2012 

No benefit with volatile anaesthetics 



Possible reasons for ‘failure’: 
 
- Retrospective studies 

- No ischemia/reperfusion (hypoxia/reoxygenation) 

No benefit with volatile anaesthetics 



Liver Transpl, 2008 

No benefit with volatile anaesthetics 



Ko et al., Liver Transpl, 2008 

-  TIVA vs desflurane anesthesia (each group n=35) 
 
-  Determination of postoperative liver, coagulation 

and kidney parameters  

No benefit with volatile anaesthetics 



Ko et al., Liver Transpl, 2008 

No benefit with volatile anaesthetics 



Ko et al., Liver Transpl, 2008 

No benefit with volatile anaesthetics 



Possible reasons for ‘failure’: 
 
- Retrospective studies 

- No ischemia/reperfusion (hypoxia/reoxygenation) 
 
- Design of clinical trial:  

 Definition of possible confounders 

No benefit with volatile anaesthetics 



Anesth Analg, 2010 

No benefit with volatile anaesthetics 



-  Propofol TCI vs sevoflurane anesthesia (each group 
n=50) 

 
-  Determination of postoperative transaminases and 

kidney parameters 

Song et al., Anesth Analg, 2010 

No benefit with volatile anaesthetics 



Song et al., Anesth Analg, 2010 

No benefit with volatile anaesthetics 



Song et al., Anesth Analg, 2010 

No benefit with volatile anaesthetics 

Steatosis?  
Preoperative chemotherapy? 



Possible reasons for ‘failure’: 
 
- Retrospective studies, no RCT 

- No ischemia/reperfusion (hypoxia/reoxygenation) 
 
- Design of clinical trial:  

  Definition of possible confounders 

- Surrogate markers, no functional endpoints 

Volatile anaesthetics without protection 



Volatile anaesthetics without protection 

Beck-Schimmer et al., unpublished 



Volatile anaesthetics without protection 

Beck-Schimmer et al., unpublished 



Possible reasons for ‘failure’: 
 
- Retrospective studies, no RCT 

- No ischemia/reperfusion (hypoxia/reoxygenation) 
 
- Design of clinical trial:  

  Definition of possible confounders 

- Surrogate markers, no functional endpoints 

- Patients included: number too small, single center 

Volatile anaesthetics without protection 



-  Volatile anesthetics are protective for heart, lung, 
liver and kidneys: 

 
-  In the presence of ischemia/reperfusion 

injury 
-  Upon on/off application (pre- and/or 

postconditioning) with washout phase 

Volatile anaesthetics: Conclusions 



Elucidation of cell signaling: 
 

Volatile anaesthetics: To do list (1) 

Hausenloy et al., Atherosclerosis, 2008 



Volatile anaesthetics: To do list (2) 

RCT, multicenter approach 
 
Exploring further situations in which the patient could 
benefit from volatile anaesthetics 
 



Volatile anaesthetics and anti-aging? 



Volatile anaesthetics: from the OR to the ICU 



Inhalative Anästhetika auf der 
Intensivstation 

Martin Urner 04.02.2014 
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Gruppe Beck-Schimmer, Universität Zürich 



Agenda 

• Funktionsweise des AnaConDa© Systems 
 

• Sicherheit bei der Anwendung 
 

• Vorteile der Sedation mit volatilen Anästhetika 
 

• Immunomodulation mit volatilen Anästhetika ? 
 
 



Analgosedierung 

• Steuerbarkeit, schneller Wirkungseintritt, 
schneller Abbau 

• Organunabhängige Elimination 

• Keine Kumulation, keine Enzyminduktion 

• Keine Beeinträchtigung einer Organfunktion 

• Keine Toleranzentwicklung 

Funktionsweise des AnaConDa Systems © 

Bracco et al., Intensive Care Med (2011) 37:895–897 
Roberts et al., Drugs (2012) 72 (14): 1881-1916 



Konzepte der Sedation 

• Intravenöse Sedativa 
→ Propofol 
→ Benzodiazepine (z.B. Midazolam) 
→ Opiate (Fentanyl, Sufentanil, Remifentanil, Morphine) 
→ α2-Agonisten (Clonidine, Dexmedetomidine) 
→ Ketamin 
 

• Gasnarkotika? 
→ Isoflurane, Sevoflurane, (Desflurane) 

 

Funktionsweise des AnaConDa Systems © 



Aufbau des AnaConDa © Systems 

Evaporator 

Reflektor 
Aktivierte 
Karbonfasern in 
den HME 
eingewoben 

Meiser et al.,  Anaesthesist (2010) 59:1029–1040 

Funktionsweise des AnaConDa Systems © 



Gasmonitoring und der «Spill over» Effekt  

Funktionsweise des AnaConDa Systems © 

Meiser et al.,  Anaesthesist (2010) 59:1029–1040 

Konzentration des Anästhetikums 



Steuerbarkeit und Effizienz 

Funktionsweise des AnaConDa Systems © 

Meiser et al.,  Anaesthesist (2010) 59:1029–1040 



Target-controlled infusion 

Excellent 6h-predictive 
performance 
(50 ICU patients) 

38 Patients 
Age 31-87 
BMI 20-38 

Funktionsweise des AnaConDa Systems © 

Anesth Analg (2008) 106:1207–14 

Acta Anaesthesiol Scand (2008) 52: 553–560 



Sicherheitsaspekte 

• Korrektes Handling 

• Nephrotoxizität? 

• Schädliche Fluoridspiegel? 

• Einfluss auf die Leber? 

Sicherheitsaspekte 



Safety issues: Spritzenpumpe 

• Adapter und dezidierte Spritze 

• Nicht im Kühlschrank lagern 

• Schwerkraft-Effekte: 

 Niveau der Spritzenpumpe 
 

Sicherheitsaspekte 



Safety issues: Minimieren der Exposition 

• Geschlossene Absaugsysteme 

• Gas Scavening Systeme benutzen 

Sicherheitsaspekte 

Meiser et al.,  Anaesthesist (2010) 59:1029–1040 



Safety issues: Belastung des Arbeitsplatzes? 

Critical Care Med (2005) 33:585-590 

Intensive Care Med (2011) 37:933–941 

Konzentrationen < 1ppm 
(sogar ohne Absorber) 

Mean ambient sevoflurane 
concentration:  
0.3 ± 0.1 ppm 

Sicherheitsaspekte 



Zum Vergleich: Konzentrationen im 
Aufwachraum 

Isoflurane (ppm über Zeit in Minuten) 

Sicherheitsaspekte 



Safety issues: Nephrotoxizität durch Fluoride? 
Mesnil et al., Intensive Care Med (2011) 37:933–941 

→ Langzeit-Sedation (Mittel: 50 Stunden) mit Sevoflurane 
→ Transienter Anstieg des Plasma Fluorid-Spiegel: 82 μmol/l 

(Range: 12-220 μmol/l)  
→ Kein Einfluss auf die Nierenfunktion 

Sicherheitsaspekte 



Safety issues: Nephrotoxizität durch Fluoride? 

Creatinine Plasma Fluoride 

Röhm KA et al., Anesth Analg (2009) 6:1848-54 

Sicherheitsaspekte 



Safety issues: Toxisch für die Leber? 

Kein Einfluss auf ASAT und ALAT 

Sevofluran 

Isofluran 

Sicherheitsaspekte 



Summary: Sicherheit der volatilen Sedation 

• Arbeitsplatz-Belastung: bei korrekter 
Handhabung nicht relevant 

 

• Niere: Steigende Fluoridspiegel, aber kein 
Hinweis für Toxizität 

 

• Leber: Keine Hinweise für eine schädigende 
Wirkung 



Aufwachzeit besser planbar und kürzer 

Aufwachzeit [min]: 
 

Sevofluran:  18.6 ± 11.8 
Propofol:  91.3 ± 35.2 
Midazolam:  260.2 ± 150.5 

Zeit bis Extubation [min]: 
 

Sevofluran:  33.6 ± 13.1 
Propofol:  326.11 ± 360.2 
Midazolam:  599.62 ± 586.95 

Mesnil M et al., Intensive Care Med (2011) 37:933–941 

Vorteile der Sedation mit volatilen Anästhetika 



Geringerer Morphinbedarf nach Extubation 

Mesnil M et al., Intensive Care Med (2011) 37:933–941 

Vorteile der Sedation mit volatilen Anästhetika 



Zeit bis zur Extubation deutlich kürzer 

Röhm KD, Intensive Care Med (2008) 34:1683-1689 

Signifikant kürzere Zeit: 
• Bis beurteilbar 
• Bis zur Extubation 
• Gesamter Krankenhausaufenthalt 

Vorteile der Sedation mit volatilen Anästhetika 



Kognitive Funktion schneller vorhanden 

Sackey PV et al., Crit Care Med (2004) 32:2241-2246  

p=0.003 
p< 0,001 

Vorteile der Sedation mit volatilen Anästhetika 



Protektive Effekte nach Herzchirurgie 

Guerrero et al., J Critical Care (2013) 28:879.e13-879.e18 

Vorteile der Sedation mit volatilen Anästhetika 



Protektive Effekte nach Herzchirurgie 

Signifikanter Unterschied im Inotropikabedarf - SS < SP und PP (24 und 48 h) 

Guerrero et al., J Critical Care (2013) 28:879.e13-879.e18 

Vorteile der Sedation mit volatilen Anästhetika 



Protektive Effekte nach Herzchirurgie 

Steurer et al., Critical Care (2012) 16:R191 

Vorteile der Sedation mit volatilen Anästhetika 



Protektive Effekte nach Herzchirurgie 

Steurer et al., Critical Care (2012) 16:R191 

Vorteile der Sedation mit volatilen Anästhetika 



Anwendung in der Sepsis? 
• Sevoflurane und 

Desflurane : 
besseres 7-Tage-
Überleben 

• Sevoflurane nach 
24h Peritonitis: 
besseres Überleben 

Herrmann et al., Anesthesiology (2013) 119(4):755-6 

Vorteile der Sedation mit volatilen Anästhetika 



Summary: Potential der volatilen Sedation 

• Aufwachzeiten 
• Neurologische Beurteilbarkeit 
• Toleranz 
• Post traumatic stress disorder 
• Weniger Opiate 
• Organ-Protektion 

 



Was ist die Natur der protektiven Effekte? 

Control Sevoflurane 

0 6 Time (h) 

Lipopolysaccharide  
(LPS) 

ELISA 

Was macht volatile Anästhetika protektiv? 



Sekretion proinflammatorischer Moleküle 

Urner et al., Am J Respir Cell Mol Biol. (2011) 45(3):617-24 

Was macht volatile Anästhetika protektiv? 



Warum ist Sevoflurane protektiv? 

1. Hypothesis: 
 

Hydrophobizität? 

Was macht volatile Anästhetika protektiv? 

Urner et al., Am J Respir Cell Mol Biol. (2011) 45(3):617-24 



Hydrophobizität ist nicht Ursache 

Urner et al., Am J Respir Cell Mol Biol. (2011) 45(3):617-24 

Was macht volatile Anästhetika protektiv? 



Liegt es an der Halogenierung? 

Urner et al., Am J Respir Cell Mol Biol. (2011) 45(3):617-24 

Was macht volatile Anästhetika protektiv? 



Hexafluoro-2-propanol (HFIP) 

 Billig (1g ~  CHF 3.-) 
 

 Zwei CF3-Gruppen 
 

 Metabolit von 
Sevoflurane 

Was macht volatile Anästhetika protektiv? 



Dosisabhängige Attenuation der Sekretion 

Urner et al., Am J Respir Cell Mol Biol. (2011) 45(3):617-24 

Was macht volatile Anästhetika protektiv? 



Migration von neutrophilen Zellen 

Urner et al., Am J Respir Cell Mol Biol. (2011) 45(3):617-24 

Was macht volatile Anästhetika protektiv? 



Einfluss auf das Überleben in der Sepsis? 

Herrmann et al., PLOS One (2013) 19;8(8):e72057 

Was macht volatile Anästhetika protektiv? 



Summary: Organ-Protektion mit HFIP 

• Vermittelt durch Halogenierung (CF3-Gruppe) 

• Wasserlösliche, protektive Moleküle 

• Protektion ohne Sedation? 

• Zukünftige Anwendung ohne Monitoring? 



Vielen Dank 
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