
Current Recommendations for Lung Protective
Ventilation during Anesthesia in the OR

BUS – British Ukraine Anaesthesia Symposium
Kyiv, 17/18.04.2019

ENTWURF !

Priv.-Doz. Dr. med. Chris1an Hönemann

Chefarzt im Kollegialsystem (CA Dr. Olaf Hagemann)
Abteilung für Anästhesie und opera1ve Intensivmedizin
Marienhospital Vechta gGmbH
Marienstraße 6-8, 49377 Vechta

Christian Hönemann. 11-й Британо-Український Симпозіум. Київ, 2019



Ambulatory building I+II, Rehaclinic, Management
Physiotherapy, Pharmacy

New ENT + Pedriatic Department
Central OR

Marienhospital Vechta 
new hospital buildiung, old hospital building, 

Kardiology, Nephrology

Dr. Hönemann received in the last 3 years lecturer fees
from the following Companies: 

Draeger, GmbH & CoKG, Lübeck
Vifor Pharma GmbH, Munich

Sedana medical GmbH, Geretsried-Gelting

Christian Hönemann. 11-й Британо-Український Симпозіум. Київ, 2019



Date of download:  4/16/2019 Copyright © 2019 American Society of Anesthesiologists. All rights reserved.

Image: J. P. Rathmell.

Figure Legend: 

From: Protective Ventilation during Anesthesia:Is It Meaningful?
Anesthes. 2016;125(6):1079-1082. doi:10.1097/ALN.0000000000001382
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Figure Legend: 

From: Apply Protective Mechanical Ventilation in the Operating Room in an Individualized Approach to Perioperative 
Respiratory Care

Anesthes. 2015;123(1):12-14. doi:10.1097/ALN.0000000000000707
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Outline, Protektive Ventilation – Influencing Factors
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Physiological background of the upper airway

• In the upper airway inspired air is warmed and humidified

• trachea: 36 – 40 mg H2O/l

carina: 44 mg H2O/l (= 100% humidity at 37°C)

à OpGmal condiGons for gas exchange on alveocapillary membrane.

• Ciliary strike for mobilizaGon and cough of secreGons and 

inhaled parGcles

Wolf M, Naftali S, Schroter RC, Elad D. Air-conditioning characteristics of the human nose. The Journal of laryngology and otology 2004;118:87–92.
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Changes during in the intraoperative situation

• Ventilation via endortracheal tube or laryngeal 
mask

Elimination of physiological Humidification in 

the upper respiratory airway

By using decompressed and therefore dry and cold 
gases from central Gas supply 

negative effects for the lungs
Irlbeck D. Normal mechanisms of heat and moisture exchange in the respiratory tract. Respiratory care clinics of North America 1998;4:189–198.
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Breathing Gas Humidity

Modified by
Humidity of anaesthetic gases with respect to low flow 
anaesthesia
Kleemann PP
Anaesth Intensive Care 1994: 22 (4): 396-408
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Humidity of anaesthe:c gases a<er 120 min 
inhala:onal anaesthesia

Dr. med. Eva Blömer, resident

„When I started my education in anaesthesia, I got trained in
Metabolic flow anaesthesia (0,35 L/min). I didn‘t know that it
is possible to use 1 L/min fresh gas flow for more than
5-10 min . It dries out the mucosa.“ 8
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• Changes in the tracheobronchial epithelium 
• Reduced Mucus Viscosity
• Secre9ng with atelectasis
• ↓ pulmonale compliance
• ↑ Breathing Work postopera9ve
• Heat and Fluid Loss

Branson RD, Campbell RS, Davis K, Porembka DT. Anaesthesia circuits, humidity output, and mucociliary structure and function. Anaesthesia and intensive care 1998;26:178–183.
Button B, Cai LH, Ehre C, Kesimer M, Hill DB, Sheehan JK, et al. Periciliary Brush Promotes the Lung Health by Separating the Mucus Layer from Airway Epithelia. Science (New York, 
N.Y.) 2012;337:937–941.
Kleemann PP. The climatisation of anesthetic gases under conditions of high flow to low flow. Acta anaesthesiologica Belgica 1990;41:189–200
Williams R, Rankin N, Smith T, Galler D, Seakins P. Relationship between the humidity and temperature of inspired gas and the function of the airway mucosa. Crit Care Med 
1996;24(11):1920-1929.
Gross JL, Park GR. Humidification of inspired gases during mechanical ventilation. Minerva anestesiologica 2012;78:496–502.
Kilgour E, Rankin N, Ryan S, Pack R. Mucociliary function deteriorates in the clinical range of inspired air temperature and humidity. Intensive Care Med 2004;30(7):1491-1494. 
Zuchner K. Humidification: measurement and requirements. Respir Care Clin N Am 2006;12(2):149-163.

Consequences of cold and dry inspired gases
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CO2 + H2O ↔ H2CO3

Ca(OH)2 + H2CO3 ↔ CaCO3 + 2 H2O + ΔT
+ Ethylenviolett

Luttropp HH, Johansson A. Soda lime temperatures during low-flow sevoflurane anaesthesia and differences in dead-space. Acta Anaesthesiologica Scandinavica
2002;46:500–505. 

Internal Sources

• CO2 - absorber

ΔT = 14kcal/molCO2

T = 44,1 ± 1,1°C

• Valve Plates flat is heated (Primus, Fabius, etc.)

• Ventilator Waste Heat (Turbine/Blower)

External Sources
• Heating and Moisturising the Inspiration air

• Warming blankets and – bair hugger systems

• Room temperature

Sources of heat and Humidity within the anesthesia circuit
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Experimental OR – Brachytherapy - Radiologydepartment, 
room temperature 22,15°C, 2-3 h procedures, no surgery

12
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Our data in Primus©
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Primus®

Valve flat heating
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Frischgasflow 0,35 l/min

Frischgasflow 1 l/min

Frischgasflow 6 l/min

Absolute humidity measured measured in g/m3 at the
Y-piece at the inspiratory arm of Draeger Perseus 
anesthesia machine over the course of anesthesia

Breathing gas temperature measured in °C at the
Y-piece at the inspiratory arm of Draeger Perseus 
anesthesia machine over the course of anesthesia

Perseus®

Waste heat from
the blower
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Ø High Fresh Gas Flow (FGF) leads to Dehydration and Cooling

Ø Minimal flow technique can increase respiratory gas moisture and –

temperature during anaesthesia

Ø Recommendation DGAI: FGF to choose AS low as possible
Hoenemann C, Mierke B. Low-Flow-, Minimal-Flow- und Metabolic-Flow-Anästhesien, Lübeck: Drägerwerk AG & Co. KGaA; 2015, S. 22ff.

Kramer A, Kranabetter R, Rathgeber J, Züchner K et al. Infektionsprävention bei der Narkosebeatmung durch Einsatz von Atemsystemfiltern (ASF): Gemeinsame 

Empfehlung der Deutschen Gesellschaft für Krankenhaushygiene e.V. (DGKH) und der Deutschen Gesellschaft für Anästhesiologie und Intensivmedizin e.V. GMS 

Krankenhaushygiene interdisziplinar 2010;5.

Fresh Gas Flow as low as possible
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Double hose breathing systems 
- Unheated
- Heated 

• One-hose breathing systems
– Hose in hose (coaxial tube)
– With internal membrane

(Double D hose)
Doppelschlauch-System, Koaxiales Schlauchsystem® und 

Double D®
Rüsch, Teleflex Medical, Ireland

Breathing hose systems
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Absolute moisture / humidity
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Breathing Gas Temperature
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Summary

• Elimination of physiological mechanisms in the upper 

respiratory airway by artificial airways (ETT/LM)

• No recommendations for temperature / humidity limits: 

– 30 and 37°C and 30-35 mg H2O/l Air

• Circle component with different effects

– Choice of fresh gas flow: Metabolic flow Anaesthesia (0.35l/min)

– Ventilation tubes: Coaxial Tube-in hose systems, If possible, place it 

under external heat source (bair hugger)

– Guess: Room Temperature / ΔT with decisive Influence
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Outline, Protektive Ventilation – Influencing Factors
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CT-3D: 3 kg KG rabbits, for anesthesia induc;on

J.B. Borges. Curso de Ven;lación Pediátrica. Madrid 2010.
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CT-3D:  3 kg KG rabbits a2er anesthesia induc9on

J.B. Borges. Curso de Ven9lación Pediátrica. Madrid 2010.
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Principle of the Open Lung Concept

atelectasis
Atelectasis

+ 
PEEP
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CT Scan - Visualization of a Breathing Cycle

Dean R Hess Respir Care 2015;60:1688-1704
(c) 2012 by Daedalus Enterprises, Inc.

Peak 28 cm H2O
PEEP 15 cm H2O

Tidalvolumen 400 ml
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Schematic step-by-step recruitment maneuver OPEN THE LUNG

Dean R Hess Respir Care 2015;60:1688-1704
(c) 2012 by Daedalus Enterprises, Inc.

BIPAP presssure

Step 1 7/20
Step 2 12/25
Step 3 17/30
Step 4 22/35
Step 5 27/40

30-90 s per step

IPPV PEEP

Step 1, TV 500 7
Step 2, TV 500 12
Step 3, TV 500 17
Step 4, TV 500 22
Step 5, TV 500 27

30-90 s per step
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Table 2. Ventilatory parameters, respiratory system mechanics and ventilatory efficiency 
variables.

Ferrando C, Suarez-Sipmann F, Tusman G, León I, Romero E, et al. (2017) Open lung approach versus standard protective 
strategies: Effects on driving pressure and ventilatory efficiency during anesthesia - A pilot, randomized controlled trial. PLOS ONE 
12(5): e0177399. https://doi.org/10.1371/journal.pone.0177399
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0177399
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Fig 2. Respiratory system mechanics and ventilatory efficiency study variables.

Ferrando C, Suarez-Sipmann F, Tusman G, León I, Romero E, et al. (2017) Open lung approach versus standard protective 
strategies: Effects on driving pressure and ventilatory efficiency during anesthesia - A pilot, randomized controlled trial. PLOS ONE 
12(5): e0177399. https://doi.org/10.1371/journal.pone.0177399
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0177399

Driving pressure dynamic compliance
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The higher the Peak Pressure – the higher the Mortality rate

30
GESUNDHEIT NORD

KLINIKVERBUND BREMEN
VON MENSCH ZU MENSCH)))))))))))))))))))))))))) ( ( ( ( ( ( ( ( (

)))Sterblichkeit bei Erhöhung des DP
› Marcello B.P. Amato et al, New Engl J Med 2015

Driving pressure and survival in the acute respiratory distress syndrome

3562 ARDS Patienten

1. DP bei gleichem PEEP

2. PEEP bei gleichem DP

3. DP und PEEP bei 
gleichem PPlat

Sterblichkeit:Mortality

3562 patients:

Driving pressure
with the same PEEP
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Oxygenation and Mortality depending on recruitment and PEEP

Dean R Hess Respir Care 2015;60:1688-1704
(c) 2012 by Daedalus Enterprises, Inc.
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Volume controlled ven.la.onspontane ventilation

Prof. Javier García Fernández MD, Ph.D, MBA.
Chief of Anesthesia & Critical Care Department

Puerta de Hierro Universitary Hospital, Madrid-Spain
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atelektasís atelektasis overextension
Prof. Javier García Fernández MD, Ph.D, MBA.
Chief of Anesthesia & Critical Care Department

Puerta de Hierro Universitary Hospital, Madrid-Spain

Volume controlled ventilationspontane ventilation
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Outline, Protektive Ventilation – Influencing Factors
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You all know:

We are not using nitrous oxide in Germany!
95 % of the anesthesia departments

stopped using N2O because of patient safety

35

Advantages of N2O Disadvantgages of N2O

opioid sparing effect
minor analgesic effect 

= 0,05 mg fentanyl

prevents awareness nausea & vomiting

second gas effect for inhalational rapid 

induction in children
hypoxia by redistribution

NMDA receptor effect FiO2 less than 40 %

reducing MAC for volatile anesthetics contraindicated in vegetarians

no metabolism effects on methionine metabolism

contraindicated during early pregnancy

green house gas – ozone depleJon
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Nitrous oxide is a hypoxic gas

Don‘t use N2O!

Just say NO to N2O 

36
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30 – 50 patients 
die during anesthesia
in D, CH, A

10%, = 3-5 patients

because oxygen and 
Nitrous oxide were 
switched.

38
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Oxygen is toxic?

Free oxygen radicals?

Recommended in all 
emergencies?

Misteries everywhere?

Als Referent unterstützt von folgenden Firmen: Vifor, Draeger Medical, Baxter, MSD

Oxygen / Air during anesthesia
FiO2 0,3 or High oxygen concentraIon in the perioperaIve period?
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3 rd November 2016

More misteries: A clear recommendation by the WHO
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Global guidelines on the prevention of surgical site infection
Web appendices
•Appendix 2: Summary of the systematic review on preoperative 
bathing
pdf, 839kb
•Appendix 3: Summary of the systematic review on decolonization 
with or without chlorhexidine gluconate body wash for the prevention 
of Staphylococcus aureus infection in nasal carriers undergoing 
surgery
pdf, 261kb
•Appendix 4: Summary of the systematic review on screening for 
extended-spectrum beta-lactamase colonization and the impact on 
surgical antibiotic prophylaxis
pdf, 482kb
•Appendix 6: Summary of the systematic review on mechanical 
bowel preparation and the use of oral antibiotics 
pdf, 711kb
•Appendix 7: Summary of the systematic review on hair removal
pdf, 770kb
•Appendix 8: Summary of the systematic review on surgical site 
preparation
pdf, 768kb
•Appendix 9: Summary of the systematic review on antimicrobial skin 
sealants
pdf, 537kb
•Appendix 10: Summary of the systematic review on surgical hand 
preparation
pdf, 779kb
•Appendix 11: Summary of the systematic review on enhanced 
nutritional support
pdf, 667kb
•Appendix 12: Summary of the systematic review on the 
perioperative discontinuation of immunosuppressive agents
pdf, 658kb

•Appendix 13: Summary of the systematic review on 
perioperative oxygenation
pdf, 731kb
•Appendix 14: Summary of the systematic review on 
maintaining normal body temperature (normothermia)
pdf, 346kb
•Appendix 16: Summary of the systematic review on the 
maintenance of adequate circulating volume 
control/normovolemia
pdf, 919kb
•Appendix 17: Summary of the systematic review on drapes 
and gowns
pdf, 814kb
•Appendix 18: Summary of the systematic review on wound 
protector devices 
pdf, 920kb
•Appendix 20: A systematic review and meta-analysis including 
GRADE qualification of the risk of surgical site infections after 
prophylactic negative pressure wound therapy compared with 
conventional dressings in clean and contaminated surgery.
de Vries FEE, et al. Medicine 2016;95(36):e4673. doi: 
10.1097/MD.0000000000004673. 
•Appendix 21: Summary of the systematic review on the use of 
surgical gloves
pdf, 495kb
•Appendix 22: Summary of the systematic review on the 
changing of surgical instruments
pdf, 308kb
•Appendix 23: Antimicrobial-coated sutures to decrease 
surgical site infections: a systematic review and meta-analysis
Xiuwen Wu, et al. Eur J Clin Microbiol Infect Dis. 2016 Sep 2. 
•Appendix 25: Summary of the systematic review on surgical 
antibiotic prophylaxis prolongation
pdf, 1.38Mb
•And so on
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http://www.who.int/entity/gpsc/appendix3.pdf?ua=1
http://www.who.int/entity/gpsc/appendix4.pdf?ua=1
http://www.who.int/entity/gpsc/appendix6.pdf?ua=1
http://www.who.int/entity/gpsc/appendix7.pdf?ua=1
http://www.who.int/entity/gpsc/appendix8.pdf?ua=1
http://www.who.int/entity/gpsc/appendix9.pdf?ua=1
http://www.who.int/entity/gpsc/appendix10.pdf?ua=1
http://www.who.int/entity/gpsc/appendix11.pdf?ua=1
http://www.who.int/entity/gpsc/appendix12.pdf?ua=1
http://www.who.int/entity/gpsc/appendix13.pdf?ua=1
http://www.who.int/entity/gpsc/appendix14.pdf?ua=1
http://www.who.int/entity/gpsc/appendix16.pdf?ua=1
http://www.who.int/entity/gpsc/appendix17.pdf?ua=1
http://www.who.int/entity/gpsc/appendix18.pdf?ua=1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5023882/
http://www.who.int/entity/gpsc/appendix21.pdf?ua=1
http://www.who.int/entity/gpsc/appendix22.pdf?ua=1
http://link.springer.com/article/10.1007/s10096-016-2765-y
http://www.who.int/entity/gpsc/appendix25.pdf?ua=1
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WHO recommends 
inspiratory FiO2 of 0.8

for colon cancer surgery
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Oxygen and atelectasis
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Atelectasis a*er one lung ven1la1on with 
high inspired Peak pressure, high Tidal Volume.
Which side was operated? Which ven1lated?

Prof. Javier García Fernández MD, Ph.D, MBA.
Chief of Anesthesia & Critical Care Department

Puerta de Hierro Universitary Hospital
Madrid-Spain
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Atelectasis due to one lung ven0la0on with 
high inspired Peak pressure and high 0dal volume

Postoperative thoracic drain

Prof. Javier García Fernández MD, Ph.D, MBA.
Chief of Anesthesia & Critical Care Department

Puerta de Hierro Universitary Hospital
Madrid-Spain

Pulomnary lung segement  resection
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Prevent intraoperative Atelectasis

1. FiO2 <= 0,8

2. Low inspired peak pressures

3. After intubation: PEEP => 5-7 (10) mbar 
Avoid disconnection / LM if possible

4. lung recruitment manouver

5. Spontanous ventilation / pressure controlled
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Date of download:  4/16/2019 Copyright © 2019 American Society of Anesthesiologists. All rights reserved.

Knowledge translation decision making is influenced by baseline patient risk. The benefit of an intervention can be described by a 
relation between the risk of no treatment (i.e., the patient’s baseline risk), the benefit of the intervention (green bars), and the risk of 
harm posed by the intervention (red bars). As the patient’s baseline risk decreases, the harm of the intervention will eventually 
predominate over the intervention’s therapeutic benefit. As such, implementation of an intervention aimed at a huge population of 
low baseline risk is unwise; instead, further study is advised. In contrast, an extremely high-risk population, such as those with acute 
respiratory distress syndrome, is more likely to benefit from the implementation of a new intervention.

Figure Legend: 

From: Lung-protective Ventilation in the Operating Room:Time to Implement?
Anesthes. 2014;121(1):184-188. doi:10.1097/ALN.0000000000000274

Who has the most benefit
from lung protective
ventilation strategies
during anesthesia?

The morderate and
high risk patient. 
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Date of download:  4/16/2019 Copyright © 2019 American Society of Anesthesiologists. All rights reserved.

The effects of population size and baseline risk on clinical 
decision making. The schematic above outlines the 
potential effects of a new ventilation strategy as 
implemented in a large, low-risk population (left) or in a 
smaller, high-risk population (right). Green shading 
represents benefit, whereas red represents harm. In the 
large, low-risk population, the proportion of harm of the 
intervention will predominate, because baseline risk is 
exceedingly low (as indicated in fig. 1). In addition, the 
large population size (thought to be 250 million people per 
year) results in a large absolute number of patients being 
harmed, in spite of a low risk of harm. In the high-risk 
population of smaller size (right), there is more opportunity 
for the benefit of the treatment to be actualized. As such, a 
greater percentage of patients will benefit, and due to the 
small population size (an estimate of 3.2 million cases of 
acute respiratory distress syndrome [ARDS] worldwide per 
year), a smaller absolute number will be harmed. This 
effect forms the basis for the suggestion that an 
intervention that will be applied to a large, low-risk 
population requires extensive study before 
implementation, because the potential for harm, in terms 
of absolute patient number, is high.

Figure Legend: 

From: Lung-protective Ventilation in the Operating Room:Time to Implement?
Anesthes. 2014;121(1):184-188. doi:10.1097/ALN.0000000000000274

Please start
implementation
today.
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Lung Protective Ventilation
more important?

• Low tidal volume 5-7 (8) ml/kg)
• Respiratory rate (12-16 / min)
• If possible use Peep (5 - 7 (10) mmHg)

Endotracheal tube, PCV/BIPAP
PEEP RR Peak
7 +      13 = 20
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Marienstraße 6-8
49377 Vechta

Fon (0 44 41) 99 -0
Fax (0 44 41) 99 -1026

vechta@kk-om.de
www.kk-om.de

End of part 1!
Vielen Dank für Ihre Aufmerksamkeit !
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Part 2:
Circular circuits & minimal & low flow 

techniques in anaesthesia: 
Yesterday – today – tomorrow

Priv.-Doz. Dr. med. Chris1an Hönemann

Chefarzt im Kollegialsystem (CA Dr. Olaf Hagemann)
Abteilung für Anästhesie und opera1ve Intensivmedizin

Akad. Lehrkrankenhaus der Medizinischen Hochschule Hannover
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Professor Dr. med. Jan Baum, + 13.11.2009
Chefarzt am St. Elisabeth Stift Damme

2002

07/2009

02/2009
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Pabst Science Publishers, Lengerich, 2000, ISBN 3-934252-
70-2
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Professor Dr. Jan Baum
inves2ga2ons and doctoral thesis
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1. The Re-Breathing System
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Circle System,
a valve controlled rebreathing system Gauss und Wieland 1925

Narcylennarkoseapparat

The Anaesthesia circle sytem by Gauss und Wieland 1925

CO2 absorber
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Carbon dioxide absorption

CO2 + Ca(OH)2 CaCO3 + H2O +  dT

dT=heat

The chemical reaction of CO2 within the absorber

USA: Sodalime: sodium or calcium hydroxide
61
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Primus gas flow diagram
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insp

exsp
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Zeus gas flow diagram
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How to use a circle
System:

Open 
- high fresh gas flow (> 6 L/min)
- without Re-Breathing

Semi closed
- Fresh gas flow reduced
- Flow between 0.5-6 L/min
- partial Re-Breathing

Closed system
- Complete Re-Breathing
- fresh gas flow very low
- flow between 0.1-0.5

Jan Baum
Die Inhalationsnarkose 
mit niedrigem Frischgasfluß
Tieme Verlag 1992, 2. Auflage

Fresh gas flow (L/min)

Re-Breathingvolume (%)

As lower the fresh gas flow → the Re-breathingvolume increases
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Uptake of gases during inhalational anesthesia
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Low flow anesthesia

Semiclosed
re-breathing system

Low Flow Anaesthesia
Fresh gas flow: 1.0 L/min 

Minimal Flow Anaesthesia
Fresh gas flow: 0.5 L/min 

Closed
re- breathing system

Closed Circuit
Constant gas volume

Quantitative anaesthesia
with Closed Circuit

Constant gas volume
and gas composition

Baum J. Narkosesysteme. Anaesthesist 1987; 36: 393-399
Metabolic Flow Anaesthesia

fresh gas flow according to consumption 66
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2. Advantages of low / minimal / 
metabolic flow and closed
circuit anaesthesia
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Remember part 1 
Open Lung concept and lung protec4ve ven4la4on

1. More humidified anaesthetic Gases

2. Anaesthetic gas temperature increases more rapidly

3. Better mucocilliary clearance

4. Increase in pulmonary function

Reducing the fresh gas flow during anaesthesia leads to
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Economical reasons

Saving volatile anesthetics

Decrease cost, saves up to 90%

Increase in efficacy of the volatile anesthetic 
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Economical reasons

Costs for inhalational anaesthetics
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http://theresilientearth.com/files/images/Anthro+Natural_Forcings-ipcc.jpg

Ecological reasons

Hole in the ozone layer over the Antarktis (July 2005): nitrous oxide, the
new danger for the ozone layer? (Spiegel online)

Nitrous oxide is 

the most important ozone-depleting 

and heat-trapping greenhouse gas. 

Hole in the ozone layer

Reaction of Nitrous oxide with ozone (Waterson)
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techniques in anaesthesia
Yesterday – today - tomorrow

Type of anaesthesia fresh gas flow

High flow anaesthesia > 2 L/min

Low flow anaesthesia = 1 L/min

Minimal flow anaesthesia = 0,5 L/min

Metabolic flow anaesthesia =0,35 L/min

Non-quantitative closed circuit anaesthesia intermittent manually 
adjusted fresh gas flow

Quantitative closed circuit anaesthesia closed loop controlled fresh 
gas flow

yesterday
today

tomorrow

O2 + N2O

O2 + AIR

O2
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3. How to do low / minimal / 
metabolic flow and closed
circuit anaesthesia?
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O2 + N2O + volatile anaesthetic
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Remember: We never use nitrous oxide!

Buildung a new OR – no tubing / no cost

No technical support of nitrous oxide tubes and valves

No cost due to service of tanks and delivery

No pollution of the environment / OR

75
Christian Hönemann. 11-й Британо-Український Симпозіум. Київ, 2019



O2 + Air + volatile anaesthetic
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77

I can show the practice in the OR
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O2 + volatile anaesthetic
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5 40 70

time [min]

oxygen [Vol%]

4.0 0.25 L/min O2

non-quantitative anesthetic
in a closed system
N=11
74.4 kg (50 - 93)
54.8 Jahre (50 - 93)
167 cm (152 - 186)
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100 % oxygen for delivery of volatile anesthetics

in Vechta/Damme/Muenster in 214564 patients (16.04.2019)
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Oxygen in high concentrations - contraindications

neonates
Body weight < 1,5 kg, gestations week between 28.-34. 

Extrem COPD patients
FEV1 < 30%

Patients under medication during chemotherapy
Cyclophosphamid, Bleomycin, Mitomycin, Carmustin

Lasersurgery 

??

Patients with acid aspiration
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The practice

We call it the 

metabolic flow anesthesia

82
Christian Hönemann. 11-й Британо-Український Симпозіум. Київ, 2019



Our practive in Vechta, with ready room

• Präoxygenation, 6 L O2, FiO2 1,0, 2-3 min

• 1 mg/kg Lidocain i.v. for induction

• i.v. propofole 1,5 – 2 – (2,5) mg/kg 

• analgesic 0.1 – 0,25- (0,5) µg/kg KG sufentanile

• Rocuroniumbromide 0,4-0,6 mg/kg KG

• If no further instrumentation like CVP or art. line is necessary no volatile 
anaesthetic in the ready room, go directly to the OR

• otherwise dial in sevoflurane vapor to 8 Vol/% and reduce FGF 1 L/min 
with

FiO2 1,0 until you reach 0.7 – 0.9 MAC
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5 10 20 30

4,0 0,1 L/min

8.0 4,0 Vol%

3,5 y., 15 kg, Circumcision, Closed System Anaesthesia, Cicero,
LMA # 2, mechanical ventilation, TV: 170 ml, f: 16 

Sev [Vol%] O2 [Vol%]

[min]

11,00 Euro 0,50 Euro

Insertion of LMA

The most expensive time during anesthesia is 
the high flow phase after i.v. inducation of anesthesia
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12. Nov. 2009, 08:11, männlich, 66 J.
Primus Narkosegerät, diag. Laps

85
Christian Hönemann. 11-й Британо-Український Симпозіум. Київ, 2019



Euro

Cost reduction for volatile anesthetics (2 h)
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Our practice with Primus / Perseus
fresh gas decoupled rebreathing system

• In the OR:
• Sevoflurane (Vapor 8 %), fresh gas flow 1 L/min 

ca. 3-5 min (until MAC 0,9, ca. 4,6-6,5 Vol/%)
• Sevoflurane (Vapor 4-5%), fresh gas flow 0,35 

L/min (MAC 0,8-1,1) 
• Propofol (20-50 mg) if you need quick changes in 

anesthetic state
• Increase FGF up to 0,5-0,75 L/min, Vapor 8%.
• Reduction of FGF auf 0,35L/min, if MAC is

achieved (MAC max. 1,2), Vapor 6%.
87
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Propofol plasma concentration after 2 
mg/kg bolus

2 mg/kg bolus propofol
allows anaesthesia for
8-12 min (MAC 0,7).
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Increase of volatile anesthetics with low fresh gas flows (Cato, Dräger®)

nach Dr. Hauenschild

0

2

4

6

8

10

12

14

300 ml 
Frischgasfluß

500 ml 
Frischgasfluß

750 ml 
Frischgasfluß

1000 ml 
Frischgasfluß

Desfluran

Sevofluran

Isofluran

time until 0,7 MAC
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Increase of volatile anesthetics with low 
fresh gas flows, Primus, Zeus, Dräger®  

Cand.med. Y. Dietzler
Marienhospital Vechta
Dissertationsarbeit
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12. Nov. 2009, 08:11, male, 66 J.
Primus, diag. Laps
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Anesthesia withdrawal

-Vaporizer can be closed 10 min before end of surgery.

- In the recovery room what ever is needed.

Metabolic flow (withdrawal)
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4. How do you know you have a stable
inspired oxygen and vola9le anesthe9c
concentra9on?
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The reservoir bag is telling the truth

time time time time

FGF is too much FGF is too less

in freshgas - decoupled systems, Primus, Fabius, Titus, Perseus
and Zeus in fresh gas flow modus

ballooned collapsednormal normal

W
arning: low

fresg
gas flow
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Believe what you measure !

Inspired oxygen concentration, FiO2

Exspired concentration of the volatile anaesthetic

Peak pressure, pplat pressue and PEEP

Oxygensaturation (SaO2)

Endtidal CO2
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Technical help from the anaesthesia machine!

• Econometer

• Smart Applications
VaporView / FiO2 Prediction
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Econometer (Primus©)

• The econometer / low Flow Wizard gives the 
user a direct graphical feedback, how efficient 
his anesthesia is:

– Green Area: 
Fresh Gas Flow is in the range of the assumed
and calculated consumption (uptake + leakages 
+ transferred CO2 volume to Absorber)

– Yellow Area:
Fresh Gas Flow is more than 1 l/min above the 
actual gas 

– Red Area:
Fresh Gas Flow is less than actual gas 
consumption (Fresh gas shortage)

Integrated electronic „low flow trainer“  for qualitative displaying of 
fresh gas use efficiency
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Econometer (PerseusA500©)
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Take home message

1. Economical reasons (90 % savings)
2. Ecological reasons (less greenhouse gas)

3. Medical reasons (humidity & temperature of gases)
4. Easy and save to use

Please use fresh gas flows as low as possible!
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Preoxygenation: 6 L Oxygen   ------ i.v. Induction

Wash in period: FGF 1 L Oxygen + volatile vaporizer open completly (MAC 0.9)

Steady state, surgery period:FGF 0.35 L/min + Vaporizer 2/3 of maximum (MAC 0.9)

End of surgery / Wash out: 6L O2, close vaporizer

Low Flow Booklet – published Nov. 13 2014 (German)

Low flow poket card – published Nov. 13 2014 (German)

English version is comming up soon
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Thanks for your kind attention?
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