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Image: J. P. Rathmell.

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

V>

./ Christian Honemann. 11-i1 BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019

e



ANESTHESIOLOGY
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Outline, Protektive Ventilation — Influencing Factors

Freshgasflow
Breathing Gas humidity
Breathing Gas temperature
Breathing System Filter HME, electrostatic, mechanical

Ventilation pressures
PEAK / PLAT / Driving Pressure
PEEP
inspiratory flow
mode of ventilation (Pressure/volumen controlled, spontaneus

Breathing gas composition
FiO,
O,/N,O
O,/AIR
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Physiological background of the upper airway

In the upper airway inspired air is warmed and humidified

trachea: 36 -40 mg H,0/I
carina: 44 mg H,0O/| (= 100% humidity at 37°C)

- Optimal conditions for gas exchange on alveocapillary membrane.

Ciliary strike for mobilization and cough of secretions and
inhaled particles

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.

’ Christian Hénemann. 11-it BpuTtaHo-YkpaiHcekun Cumnosiym. Knis, 2019



Breathing Gas Humidity
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Humidity of anaesthetic gases with respect to low flow
anaesthesia

Kleemann PP
Anaesth Intensive Care 1994: 22 (4): 396-408
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Dr. med. Eva Blomer, resident

-When | started my education in anaesthesia, | got trained in
Metabolic flow anaesthesia (0,35 L/min). | 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.*” g
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Consequences of cold and dry inspired gases

Changes in the tracheobronchial epithelium
Reduced Mucus Viscosity
Secreting with atelectasis

J' pulmonale compliance

I Breathing Work postoperative
Heat and Fluid Loss

Konyas = KpgL > Ky
Normal State Dehydrated State

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.
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Sources of heat and Humidity within the anesthesia circuit

Internal Sources

« CO,- absorber Oz + H;0 <= HaC0;
AT = 14kca|/mO|C02 Ca(OH)Z + H2C03 4 CaCO3 +2 Hzo + AT
T — 44’1 i 1,1°C + Ethylenviolett

« 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

Luttropp HH, Johansson A. Soda lime temperatures during low-flow sevoflurane anaesthesia and differences in dead-space. Acta Anaesthesiologica Scandinavica
......... . 2002;46:500-505.
o N
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Experimental OR — Brachytherapy - Radiologydepartment,
room temperature 22,15°C, 2-3 h procedures, no surgery

- - A

: . 12
“._ ./ Christian Honemann. 11-i BputaHo-YkpaiHcbkuin Cumnosiym. Kuis, 2019



Our data in Primus®
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Primus®

Valve flat heating
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Ansesthesia machine: Drager Primus
Hose system: Drager breathing hose, siicone, multiway, 1.5 m, not heated

Fig. 9: Breathing gas
temperature in °C
measured at the Y-piece
in the inspiratory arm of
the Drager Primus
anaesthesia machine over
the course of anaesthesia
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Breathing gas temperature measured in °C at the
Y-piece at the inspiratory arm of Draeger Perseus
25,5 anesthesia machine over the course of anesthesia
(%)
£ 24,5 -
5
©
[}
Q
£
2
w
© 23,5 -
£
2
<
22,5 T T T T T T 1
P ® 0 10 20 30 40 50 60 70
erseus 25 -
- . 3
Ansthesieminuten [min] Abs_olute humlt_jlty r_neasured measured in g/m° at the
23 Y-piece at the inspiratory arm of Draeger Perseus
anesthesia machine over the course of anesthesia
Waste heat from _ 21 -
£
the blower £
()
217 -
5
% 15 - == Frischgasflow 0,35 |/min
©
£ 13 - ——Frischgasflow 1 I/min
[}
< Frischgasflow 6 I/min
-g 11 -
(1]
9 -
7 -
5 T T T T T T 1
0 10 20 30 40 50 60 70
= ™

e Anisthesieminuten [min]

Christian Honemann. 11-i1 BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019

15



Fresh Gas Flow as low as possible

2 - Atemgastemperatur [°C]
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Primus ®, Dragerwerk AG & Co. KGaA, Liibeck

» High Fresh Gas Flow (FGF) leads to Dehydration and Cooling

» Minimal flow technique can increase respiratory gas moisture and —
temperature during anaesthesia

» Recommendation DGAI: FGF to choose AS low as possible

Hoenemann C, Mierke B. Low-Flow-, Minimal-Flow- und Metabolic-Flow-Anasthesien, Lubeck: Dragerwerk AG & Co. KGaA; 2015, S. 22ff.

Kramer A, Kranabetter R, Rathgeber J, Ziichner K et al. Infektionspravention bei der Narkosebeatmung durch Einsatz von Atemsystemfiltern (ASF): Gemeinsame
Empfehlung der Deutschen Gesellschaft fiir Krankenhaushygiene e.V. (DGKH) und der Deutschen Gesellschaft fir Andsthesiologie und Intensivmedizin e.V. GMS
Krankenhaushygiene interdisziplinar 2010;5.
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Breathing hose systems

Double hose breathing systems
- Unheated

- Heated /

J "y (((((((((((((“\

* One-hose breathing systems

— Hose in hose (coaxial tube)

— With internal membrane
(Double D hose)

Doppelschlauch-System, Koaxiales Schlauchsystem® und
Double D®
Risch, Teleflex Medical, Ireland
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Absolute moisture / humidity
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Breathing Gas Temperature
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Working Group
“Ventilation Technology”

Leitung: PD Dr. Christian Honemann (St. Marienhospital, Vechta)

Dr. Bert Mierke (St. Elisabeth-Krankenhaus, Damme)

Dr. Marie-Luise Rubsam (Universitatsmedizin Greifswald)

Thi Nguyen-Minh
(Dokotrand, Uni Minster)

Benedikt Grol}
(Dokotrand, Uni Minster)

Julia Woehlk Heike Havermann
7~__\(Doktorandin, Uni Miinster) (Doktorandin, Uni Miinster)
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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 H20/I 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 / AT with decisive Influence

" Christian Hénemann. 11-ii BpuTtaHo-YkpaiHcekun Cumnosiym. Knis, 2019



Outline, Protektive Ventilation — Influencing Factors

Freshgasflow
Breathing Gas humidity
Breathing Gas temperature
Breathing System Filter HME, electrostatic, mechanical

Ventilation pressures
recruitment manouvers
PEAK / PLAT / Driving Pressure
PEEP
inspiratory flow
mode of ventilation (Pressure/volume controlled, spontaneous)

Breathing gas composition
FiO,
O,/N,O
O,/AIR

ar—
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CT-3D: 3 kg KG rabbits, for anesthesia induction

| J.B. Borges. Curso de Ventilacion Pediatrica. Madrid 2010.
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J.B. Borges. Curso de Ventilaciéon Pediatrica. Madrid 2010.
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Principle of the Open Lung Concept

Blood Flow Distribution
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+
' Normal + PEEP '
PEEP
100% 90%
o, . ..OW
Oxygen Saturations

95%

v

7 N
| .
'35.7‘.».7 (/

=

Christian Honemann. 11-i1 BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019



CT Scan - Visualization of a Breathing Cycle

Tidalvolumen 400 ml

__ 1400
—1 1,200
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GEJ 800:
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0 Peak 28 cm H,O
PEEP 15 cm H,O
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Pressure (cm H»O)

Dean R Hess Respir Care 2015;60:1688-1704 & 5 “,
(c) 2012 by Daedalus Enterprises, Inc. '—W:
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Schematic step-by-step recruitment maneuver OPEN THE LUNG
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PEEP and Pp5t (cm H20)

30

251

20 1

15 1

10 1

5_

0

40 {
351¢
30 1
25 1
20 1
15 1
10 1

Time
B Fioi 1
v ‘0.3L
AP 14 cm H,0
v 03L S0, 96% Foi06
v 03|_ gP 1SOC;nHO v ‘022 L
AP: 14 cm H,0 AP: 10 cm H,0
V03L s :79% Swo 96/
AP: 15cmH,0 %,
S0, 79% I
Time

Dean R Hess Respir Care 2015;60:1688-1704

(c) 2012 by Daedalus Enterprises, Inc.

BIPAP presssure
Step 1 7120
Step 2 12/25
Step 3 17/30
Step 4 22/35
Step 5 27/40

30-90 s per step
IPPV

Step 1, TV 500
Step 2, TV 500
Step 3, TV 500
Step 4, TV 500
Step 5, TV 500

30-90 s per step

'-. Christian Honemann. 11-i1 BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019
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Table 2. Ventilatory parameters, respiratory system mechanics and ventilatory efficiency

variables.
Variables PreOLA PreRM-5 Pre RM-5vs. Pre OLA OLA RM-5 RM-5vs. OLA
p value p value
Ventllatory parameters vT 347438 361243 0.49 350+ 36 361242 0.49
n=36 (mi)
PEEP, 50200 50200 1.00 80223 50200 <0,001
cmH,0
RR, bpm 1412 1421 0.667 14£2 1421 0.667
Respiratory system mechanics DP 77210 7.7+13 1.00 56+1.0 74210 <0.001
n=36 (cmH,0)
Pplat 133412 146212 <0.001 13719 122:08 0131
(cmH.0)
Cdyn (ml.emH,0) 53213 59+19 0,945 68125 61219 0.903
Raw (cmH,0 1.8) 1124 1224 0.314 1124 1123 0272
Ventilatory efficiency VDBohr 058+£0.11 059008 0.224 056011 056+0.09 0.241
n=29 VDaw/VT 036+0.12 033+0.06 0.314 032+0.11 031:0.06 0.7
VDalv/VTalv 0352016 038+0.11 0.050 033+0.15 0.37:0.10 0.035
VTCO,,br(ml) 8292289 8812202 0.861 820+£229 8682190 0.963
FE)CO, 4062075 3642048 0.271 3972069 3732082 0.421
(%%
Snlil 1472099 1191062 0617 1.30£1.13 1.02:0.59 0.865
(mmHg ml)

This table shows dilferences in respiratory system mechanics and ventilatory efficiency between the pre-OLA against pre-RM-5 and OLA against RM-5.
Values are presented as mean and standard deviation (SD). VT = tidal volume, PEEP = positive end-expiratory pressure, RR = respiratory rate,

DP = driving pressure, Pplat = plateau pressure, Cdyn = dynamic respiratory system compliance, Raw = airway resistance, VDaw = airway dead space to
tidal volume, VDBohr = Bohr dead space, VDa/VTalv = alveolar dead space normalized to alveolar VT, VCO,,br = amount of expired CO, within one
breath, FECO.: mixed expired CO, in one breath, Snlll = slope of phase Il normalized to VT,

Mips/idolorg 101371 /ourmal pone. 01773991002

Ferrando C, Suarez-Sipmann F, Tusman G, Ledn |, 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

/g;-";““‘-\ https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0177399

£ $ 0. N
F/ Christian Honemann. 11-i1 BputaHo-YkpaiHcbkun Cumnosiym. Kuis, 20?@' PLOS | O N E



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.
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Ferrando C, Suarez-Sipmann F, Tusman G, Ledn |, 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
N https /ljournals.plos.org/plosone/article?id=10.1371/journal.pone.0177399
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The higher the Peak Pressure — the higher the Mortality rate

Marcello B.P. Amato et al, New Engl J] Med 2015

Driving pressure and survival in the acute respiratory distress syndrome

Resampling A:
) Matched PEEP
. _ 40 L
3562 patients: Pan
: 30+ 0
e AP

Driving pressure 20] Lo
with the same PEEP

e e m B B B

Airw
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2.0+

i‘—‘g 1.4 {
. g I 0
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= }
=5 0.7
28
=~
S5 4. P<0.001
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Oxygenation and Mortality depending on recruitment and PEEP
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0.6 1
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APEEP <0

Adjusted probability of death
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APa0,/F|0, following initial PEEP modification

Dean R Hess Respir Care 2015;60:1688-1704 & s,

= (c) 2012 by Daedalus Enterprises, Inc. s %’.
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spontane ventilation Volume controlled ventilation

Prof. Javier Garcia Fernandez MD, Ph.D, MBA.
Chief of Anesthesia & Critical Care Department
Puerta de Hierro Universitary Hospital, Madrid-Spain
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spontane ventilation Volume controlled ventilation

atelektasis atelektasis overextension

Prof. Javier Garcia Fernandez MD, Ph.D, MBA.
Chief of Anesthesia & Critical Care Department

. " o . - § " de Hierro Universitary Hospital, Madrid-Spain
Christian Honemann. 11-i1 BputaHo-YkpaiHcbkun Cumnosiym. Kuis, 5676 YOS P



Outline, Protektive Ventilation — Influencing Factors

Freshgasflow
Breathing Gas humidity
Breathing Gas temperature
Breathing System Filter HME, electrostatic, mechanical

Ventilation pressures
recruitment manouvers
PEAK / PLAT / Driving Pressure
PEEP
inspiratory flow
mode of ventilation (Pressure/volumen controlled, spontaneus

Breathing gas composition
FiO,
O,/N,O
O,/AIR

i 34
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You all know:

We are not using nitrous oxide in Germany!

95 % of the anesthesia departments
stopped using N,O because of patient safety

Advantages of N,O Disadvantgages of N,O

minor analgesic effect

opioid sparing effect = 0,05 mg fentanyl

prevents awareness nausea & vomiting

second gas effect for inhalational rapid

induction in children hypoxia by redistribution

NMDA receptor effect FiO, 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 depletion

35

.P'\ \
=

Christian Honemann. 11-i1 BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019



Nitrous oxide is a hypoxic gas
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Die qualende Suche nach der Wahrheit

in Hoyerswerda

Hoversweroa. Im Klinikkum Hoyerswerda starben im Sommer 2004 vier Miitter bei
Schnittentbindungen. In drei Fallen war ein defektes Narkosegerat am Tod der
Frauen schuld. Drei Arzte und ein Techniker erhielten deshalb Strafbefehle wegen
fahrlassiger Totung. Ein weiterer Strafbefehl gegen einen Arzt wird dieser Tage
erlassen. Fir die Hinterbliebenen sind jedoch noch viele Fragen offen.

"Fiir mich ist das nie vorbei", sagt Ramona Deak und schiittelt den Kopf. Jeden Tag
fahrt sie auf dem Weg zur Arbeit in Hoyerswerda am Klinikum vorbei, "Wenn ich das
Haus sehe, den Hubschrauberlandeplatz, dann ist alles sofort wieder da."

SCHRIFTERE TIERISGH

Yon hier aus wurde Kathrin, die damals 23-j3hrige Tochter von Ramona Deak im &ugust T
2004 in tiefer Bewusstlosigkeit nach einem Kaiserschnitt eilig nach Dresden geflogen.

Drei Tage spater war sie tot, die letzte von vier Frauen, die damals kurz hintereinander

bei Entbindungen starben.
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Im ersten Fall blieb die Ursache
ungeklart, weil die Angehdrigen
eine Obduktion ablehnten. Die
anderen drei Mitter wurden jedock
laut Gutachten mit einem
Narkosegerat vom Typ Sulla 808 V
durch hochdosiertes Lachgas
regelrecht erstickt, Ein
- ‘\Wartungstechniker hatte nach
einer Routinekontrolle im Inneren
Begraben im Heimatort. Kathrin Deak wurde nur 23 Jahre des Gerates Anschlussschliuche fii
alt. Sie starb im Klinikum Hoyerswerda durch den Einsatz eines das Narkosegas und den Sauerstofi
defekten Narkosegerates bei der Entbindung ihres ersten Kindes. vertauscht. Alarmsignale des
Fote: Wendler Gerates sollen beim Einsatz im
Operationssaal von den
Markosedrzten ignoriert worden sein. Uber ihren Anwalt konn@ operation;saall: (Kei{n .Ergebr
was in den Ermittlungsakten steht. "Eine Hebamme hat gesagt,
Atemmaske nicht wollte und weggeschoben hat. Ein Arzt hat sie ihr dann wieder auf das
Gesicht gedrickt", sagt sie und kdmpft mit den Tranen,

Christian Honemann. 11-i1 BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019
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Fehler und Gefahren

o
)

Anaesthesist 2008 - 57:1006-1010
DOI10.1007/500101-008-1434-7
Online publiziert: 17. August 2008
© Springer Medizin Verlag 2008

Redaktion
H. Metzler, Graz

In der Anésthesiologie steht einer ex-
trem hohen Zahl an durchgefiihrten
Eingriffen eine extrem niedrige Kom-
plikationsrate gegeniiber [13, 15].
Allerdings kommt es aufgrund der
hohen Fallzahlen trotz der niedrigen
Mortalitatsraten immer noch zu 30-
50 jéhrlichen andsthesiebedingten
Todesfillen in Deutschland, Oster-
reich und der Schweiz [9]. Zirka 10%
der todlichen Anasthesiekomplika-
tionen sind dabei auf eine Verwechs-
lung von Sauerstoff- und Lachgasan-
schliissen und dadurch reine Lachgas-
beatmung zuriickzufiihren [9].

In dieser Ubersicht soll - im Ver-
gleich zu einem friiheren Artikel [9]

- der Untersuchungsraum iiber die
deutschsprachigen Lander hinaus
ausgeweitet werden. Entsprechende
Maglichkeiten zur Verhinderung von
Lachgaskomplikati den dis-
kutiert.

Methodik

Aufgrund fehlender fachwissenschaft-
licher Publikationen wurden in einem
fritheren Artikel Zeitungsarchive zur De-
tektion todlicher lachgasbedingter Kom-
plikationen ausgewertet [9]. In d@hnlicher
Weise diente nun das Internet als Daten-
quelle.

ar—

.
' = Anaesthesist 10 - 2008
"

.~ Christian Honemann. 11-in bputaHo-YKkpaiHCbKUI

H. Herff - P. Paal - K.H. Lindner - A. von Goedecke - C. Keller - V. Wenzel
Universitétsklinik fiir Andsthesiologie und Intensivmedizin,

Medizinische Universitét Innsbruck

Lachgasbedingte

Todesfalle

Komplikationen durch Verwechslungen

in der Lachgaszufuhr

Ergebnisse

Folgende Fille todlicher lachgasbedingter
Komplikationen konnten eruiert werden:
== Fall 1: In einem neu erdffneten Zen-
trum fiir Wirbelsdulenchirurgie in
Osterreich wird ein 43-jahriger Pa-
tient falschlicherweise mit reinem
Lachgas beatmet, nachdem die Zulei-
tungen zum Narkosegerit falsch an-
gebracht wurden. Der Patient stirbt.
Fall 2: Ein 19-jihriger Mann wird in
Deutschland nach einem Verkehrsun-
fall in ein Krankenhaus eingeliefert.
Durch eine Verwechslung der Gaslei-
tungen im Keller des Krankenhauses
erfolgt eine todliche Beatmung mit
reinem Lachgas.
== Fall 3: Die Sauerstoffzuleitung einer
Herz-Lungen-Maschine in der
Schweiz wird filschlicherweise an
die Lachgasversorgung angeschlos-
sen; ein 53-jahriger Patient stirbt.
we Fiille 4-6: Drei Patientinnen sterben
innerhalb kurzer Zeit wahrend einer
Sectio caesarea in Allgemeinanisthe-
sie in einem Krankenhaus in Deutsch-
land. Untersuchungen ergeben, dass
die Lachgas- und die Sauerstofflei-
tungen im Narkosegerat vertauscht
worden waren.

w= Fall 7: In Grofibritannien wird ein 3-
jahriges Madchen in der Notfallauf-
nahme mithilfe einer Lachgasinha-
lation analgosediert. Aufgrund eines
Verwechslungsfehlers im Beatmungs-

gerat atmet das Kind reines Lachgas
und erstickt.

we Fiille 8 und 9: In einer Klinik in den
USA wird 2 Patientinnen wihrend ei-
ner Routinenarkose aufgrund einer
Verwechslung der Gaszuleitung akzi-
dentell reines Lachgas zugefiihrt; bei-
de Patientinnen sterben.

== Fiille 9-15: In einer Klinik in Ttalien
wird im April 2007 nach Auskunft
der Staatsanwaltschaft die komplette
Gasversorgung der neu eroffneten In-
tensivstation filschlicherweise an die
Lachgasversorgung angeschlossen;
6 Menschen sterben innerhalb von
24h.

Die Ergebnisse sind zusammenfassend in
@ Tab. 1 wiedergegeben.

Diskussion

Uber die Gefahren bei Analgosedierung
oder Narkose mit Lachgas ist bereits im
Jahr 1872 in der New York Times berich-
tet worden: Bei einer Routinenarkose
zur Zahnextraktion wurde einer Patien-
tin aufgrund zunichst unzureichender
Narkosewirkung iiber mehrere Minuten
reines Lachgas zugefiithrt. Wenngleich die
Hypoxie als Todesursache natiirlich aus
solch einer Quelle nicht bewiesen werden

Dieses Projekt wurde lediglich aus Mitteln der
Abteilung gestaltet,

30 — 50 patients
die during anesthesia
in D, CH, A

10%, = 3-5 patients

because oxygen and
Nitrous oxide were

switched.

Cumnosiym. Kuig, 2019
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Oxygen / Air during anesthesia
FiO, 0,3 or High oxygen concentration in the perioperative period?

Oxygen is toxic?
Free oxygen radicals?

Recommended in all
emergencies?

Misteries everywhere?

WWW.ELBENWALD.DE

ar—

N Als Referent unterstiitzt von folgenden Firmen: Vifor, Draeger Medical, Baxter, MSD
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Clean Care is Safer Care

Save Lives: Clean Your
Hands

The evidence for clean
hands

Campaigning countries
Information centre

News and events

//" . ‘\
o
&
-
X
-~

e
§
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Clean Care is Safer Care

Global guidelines on the prevention of
surgical site infection

The first ever Global guidelines for the prevention of surgical site infection
were published on 3 November 2016. They include a list of 29 concrete
recommendations distilled by 20 of the world’s leading experts from 26
reviews of the latest evidence. The recommendations have also been
published in The Lancet Infectious Diseases and are designed to address
the increasing burden of health care-associated infections on both patients
and health care systems globally, alongside supporting tools issued by
WHO. WHO will continue to issue tools in support of guideline
implementation throughout 2017.

This guideline is a world first and will be welcomed by doctors and patients

alike. We encourage you all to access and promote the guidelines,
publications and supporting tools.

| W  Global auidelines on the prevention of suraical

/ Christian Honemann. 11-i1 BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019

More misteries: A clear recommendation by the WHO

e & f v o6
+

Prevention of surgical
site infections (WHO
Global Guidelines 2016)

Video message from
Professor Dame Sally

3 rd November 2016
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Christian Honeman

GLOBAL GUIDELINES
FOR THE PREVENTION OF
SURGICAL SITE INFECTION

gf@‘& World Health
&Y Organization
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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

utane

*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)
NO 4ANKD

*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 42
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http://www.who.int/entity/gpsc/appendix2.pdf?ua=1
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

2) Admlnlstratlon of Increased FIOZ vs. standard oxygenation In patients undergoling general anaesthesla with endotracheal

Intubation

Hyperoxia Normoxia Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Belda 2005 22 148 35 143 112% 0.54 [0.30, 0.97]
Bickel 2011 6 107 14 103 5.6% 0.38[0.14, 1.02]
Grief 2000 13 250 28 250 9.5% 0.43 [0.22, 0.86)
Mayzler 2005 2 19 3 19 1.8% 0.63 [0.09, 4.26]
Meyhoff 2009 131 685 141 701 19.7% 0.94[0.72, 1.22] ——
Myles 2007 77 997 106 1015 185% 0.72 [0.53, 0.98] ——
Pryor 2004 20 80 9 80 7.0% 2.63[1.11, 6.20] ——
Schietroma 2013 S 86 11 85 4.8% 0.42 [0.14, 1.25]
Schietroma 2014 6 40 11 41 4.7% 0.48 [0.16, 1.46]
Stall 20132 14 1138 19 116 8.5% 0.68[0.32, 1.43] —
Thibon 2012 15 226 15 208 8.6% 0.91[0.44, 1.92] ——
Total (95% CI) 2757 2761 100.0% 0.72 [0.55, 0.94] <>
Total events 311 392

Heterogeneity. Tau?® = 0.08; Chi® = 18.51, df = 10 (P = 0.05); I’ = 46%
Test for overall effect: 2 = 2.44 (P = 0.01)

M-H: Mantel-Haenszel (test); CI: confidence interval

=
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a) Su bgroup analysls according to the type of surgery

I. Admlnlstratlon of Increased FIOZ Vvs. standard oxygenation In patients undergolng colorectal surgery under

general anaesthesla with endotracheal Intubation (9 In forest plot 111)

1. Admlnlstratlon of Increased FIOZ vs. standard oxygenation In patients undergolng other or mixed surglcal

procedures under general anaestheslia with endotracheal Intubation (9 In forest p|0t1.1.3)

Hyperoxia Normoxia Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Colorectal Procedures(Open)
Belda 2005 22 148 35 143 11.2% 054[030,047)
Grief 2000 13 250 28 250 2.5% 043022, 086)
Mayzler 2005 2 19 3 19 1.8% 063 [009, 426]
Schietroma 2014 & 40 11 41 q.7% 048 [0 16, 1 46) —
Subtotal (95% CI) 457 453 27.3% 0.50 [0.33, 0.74)
Total avents 42 77

Heterogeneity: Tau’ = 0.00; Chi? = 0.28, df = 3 (P = 0.96); P = 0%
Testtor owerall effec). 7 = 339 F = 0.0007)

1.1.3 Other | Mixed

H) u’ ’)

Bickel 2011 & 107 14 103 S.6% 038([0D.14, 1.02]

Mevhoff 2009 131 685 141 701 1&7% 034 [D72, 122] —

Mydes 2007 77997 106 1015 185% 072 [053, 098]

Fryor 2004 20 80 ] 80 7.0% 2632111, 6.20) _—
Schietroma 2012 5 86 11 8s 4.8% 0432 [D.14, 125] —

Stal 2013 14 113 13 1i¢ 8.5% D68 [D32, 143] —

Thibon 2012 15 226 15 208 £.6% Dal[Dnee 182] —

Subtotal (95% CI) 2300 2308 72.7% 0.82 [0.59, 1.13] e 3

Total avants 268 218

Heterogeneity: Tau® = D.08; Chi? = 12.86, df = 6 (P = 0.05); 12 = 52%

Test for overall effect: 2 = 1L.20 (P = 0.23)

Total (95% CI) 2757 2761 100.0% 0.72 [0.55. 0.94]

Total avants 211 292

Heterogeneity: Taw! = 0.08; Chi? = 1851, df = 10 (P = 0.05) 12 = 45% 031 032 0’5 é é 1:0

Test for overall effect: 2 = 2.44 (P = 0.01)
Test for subgroup differences. Chi* = 3.64, df = 1 (P = 0.06), I' = 72.6%

M-H: Mantel-Haenszel (test):; CI: confidence interval

Favours Hyperoxia Favours Normoxia
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WHO recommends
inspiratory FiO2 of 0.8
for colon cancer surgery
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Oxygen and atelectasis

30% oxygen group 100% oxygen group
Protocol A Protocol B
@ (n=6} (n=12)

Mean (SD) age in years 9 2
Male/female 2/4 3/3 7/5
Mean (SD) body-mass index 274 (85) 27:0(5:3) 24.9 (3-4)
in kg/m?#
Fio,
During induction of 03 03 1-0
anaesthesia
30 min of continued 0-3 1-0 0-4
anaesthesia
Mean (SD) area of
atelectasis in cm*
Awake 0 0 0
Anaesthesia baseline 0:2 (0-2) 0-3(0-6) 4.2 (5-6)*
Anaesthesia 70 min 1-6 (1-6)T 4-7(4-5)t

Atelectasis=all dense lung tissue within a range of —100 to +100 Hounsfield units in
computed tomography scan at lung base.

*p <0-001 for difference between 30% and 100% oxygen groups.
Tp=0-043 for difference from anaesthesia baseline.

Table 1: Demographic characteristics, FiO, during anaesthesia,
and amount of atelectasis

We suggest that during the induction of general
anaesthesia in patients with healthy lungs, gas
composition has an important role for atelectasis
formation and the changes in ventilation-perfusion
relations. Use of a mixture including a poorly absorbed
gas such as nitrogen might prevent the early formation of

THE LANCET

Figure: Computed tomog)
(Houns

- Window=500 HL rts
THE LANCET  inouctor
A: Patient 1 . 3 Pat t
Fi0,=0-3 througho: %, F10 =0-3 dunng nxuction then Fid
fer induction, F- Pa
Prevention of atelectasis during general anaesthesia
: e 1995 2 ¢ ¢ paticnts scheduled for clective surgery we were ventilated with 307 oxvien m nitrogen through a face
1345 « June 3, 12 consecutive patients schedulod for clective surgery were c s with 3 : through o §
ssigned to the 30% oxygen group; they were randomly allocated mask, After orotracheal 1 1 lungs were ventilated in
. “ . 5 onius. 2 5 ne of two treatment pro and B). When the patients both groups with 30 n mrogen (KO through an
———— r.r.;:rv Rothen, Bengt Sporre, Greta Engberg. Goran Wegenius, Adrian Reber, Géran Hedenstierna were swakes mcRsy 'l‘“ ken with al) beon lm! o endotracheal tbe. For pn A FIOwas kept o 0-3 until the
Y Anacsthesia was induced (by propofol injection) while the lungs  end of the study. For prutocul Be FiO, was changed to 1-0
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Oxygen concentration and characteristics of progressive
atelectasis formation during anaesthesia

L. Eomark’, U. Auner?, M. Enconp?, E. Ostserc! and G. HeDENSTERNA®

Departments of * Anaesthesiology and Intensive Care, zRadinh)gy, Central Hospital, Viisterds, Sweden and >Department of Medical Sciences,

Clinical Physiology, University Hospital, Uppsala, Sweden

14 - 60% 0,
12

Atelectasis cm?

0 —_————

Omin 4 min 7 min 14 min

14 - 80% O,

Atelectasis cm?

[T I

Omin 4 min 7 min 14 min

14 4 100% Q2

Atelectasis cm?

Omin 4min 7 min 14 min

Fig. 3. Increase of the amount of atelectasis 1 cm above the vight
diaphragm during anaesthesia tn mdividual patients in the early

group with 60%, 80% or 100% oxygen for pre-oxygenation from Journad comptiation € 2010 The Acta Anaesthesiclogica Scandinavica Eoundation

© 2010 The Authors

awake to 4, 7 and 14 min after start of pre-oxygenation.

Christian Honemann. 11-i1 BputaHo-YkpaiHcbkun Cumnosiym. Kuis, 2019
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Atelectasis after one lung ventilation with
high inspired Peak pressure, high Tidal Volume.
Which side was operated? Which ventilated?

Prof. Javier Garcia Fernandez MD, Ph.D, MBA. I .
Chief of Anesthesia & Critical Care Department  adley SP, Jordan SJ, Goldstraw P, et al. Asymmetric ARDS following pul-

Puerta de Hierro Universitary Hospital monary resection: CT findings initial observations. Radiology 2002; 223:
=R Madrid-Spain 468-473.
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Atelectasis due to one lung ventilation with
high inspired Peak pressure and high tidal volume

Postoperative thoracic drain Pulomnary lung segement resection

Prof. Javier Garcia Fernandez MD, Ph.D, MBA. Padley SP, Jordan SJ, Goldstraw P, et al. Asymmetric ARDS following pul-
Chief of Anesthesia & Critical Care Department monary resection: CT findings initial observations. Radiology 2002; 223:
Puerta de Hierro Universitary Hospital

Madrid-Spain 468-473.
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Prevent intraoperative Atelectasis

5.

FiO2<=0,8
Low inspired peak pressures

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

lung recruitment manouver

Spontanous ventilation / pressure controlled

/' Christian Hénemann. 11-ii BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019



ANESTHESIOLOGY@&)

The Journal of the American Society of Anesthesiologists, Inc.

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

B Net harm with intervention
I Net benefit with intervention

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

Proportion of patients

The morderate and
high risk patient. -

Low  Moderate High
Patient baseline risk

Figure Legend:
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.
/;51“3-.\ Date of download: 4/16/2019 Copyright © 2019 American Society of Anesthesiologists. All rights reserved.

“._ ./ Christian Honemann. 11-i BputaHo-YkpaiHcbkuin Cumnosiym. Kuis, 2019

-




ANESTHESIOLOGYj

The Journal of the American Society of Anesthesiologists, Inc.

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

Healthy elective population The effects of population size and baseline risk on clinical
(~250x10° low-risk patients) decision making. The schematic above outlines the
PRRRRP potential effects of a new ventilation strategy as
Y f{ggfogzg‘ﬂj}:fgaﬁem) implemenfced ip a large, Igw—ris_k population (Ieft). orina
k- smaller, high-risk population (right). Green shading
§ - represents benefit, whereas red represents harm. In the
=] tart 5 [ large, low-risk population, the proportion of harm of the
€ase slar g intervention will predominate, because baseline risk is
implementation ¢ B LowRsk  HiGH Risk [N exceedingly low (as indicated in fig. 1). In addition, the
tod : 5 large population size (thought to be 250 million people per
oday. g:mmmmmm%mm t year) results in a large absolute number of patients being
AERRRRRRRRRRRRRRARAA harmed, in spite of a low risk of harm. In the high-risk
TRRRRTRTTTRRRRRRY population of smaller size (right), there is more opportunity
reeeteetRRRRRRRRRRRR , .
@mgmm@g@@@@ﬂ@g@g W nechamwithinenenion 1O the benefit of the treatment to be actualized. As such, a
" T™rrrerrRRN [ Net benefit with intervention i i 1
HE44444444 3 zpp:’x. 1f1000;00 e greater percentage of patients will benefit, and due to the

small population size (an estimate of 3.2 million cases of
Figure Legend: 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.
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Lung Protective Ventilation
more important?

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

Endotracheal tube, PCV/BIPAP
PEEP RR Peak
V4 + 13 = 20
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End of part 1!
Vielen Dank fur lhre Aufmerksamkeit !

h

St. Marienhospital
Vechta

Marienstra3e 6-8
49377 Vechta
Fon (0 44 41) 99 -0
Fax (0 44 41) 99 -1026
vechta@kk-om.de
www.kk-om.de
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Part 2:

Circular circuits & minimal & low flow 78‘{
techniques in anaesthesia: Katholische Kliniken

Oldenburger Miinsterland

Yesterday — today — tomorrow

- | — SR O
- Priv.-Doz. Dr. med. Christian HOnemann

Chefarzt im Kollegialsystem (CA Dr. Olaf Hagemann)
Abteilung fiir Anasthesie und operative Intensivmedizin

ST. MARIENHOSPITAL

in Vechta
Akad. Lehrkrankenhaus der Medizinischen Hochschule Hannover



Professor Dr. med. Jan Baum, + 13.11.2009
Chefarzt am St. Elisabeth Stift Damme
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Professor Dr. Jan Baum
investigations and doctoral thesis

Eur J Anaesthesiol. 2001 Jul;18(7):458-66.

Minimal-flow anaesthesia with controlled ventilation: comparison between laryngeal mask airway and
endotracheal tube.

Honemann CW, Hahnenkamp K, Méllhoff T, Baum JA.
Klinik und Poliklinik fur Anasthesiologie und operative Intensivmedizin, Universitats Klinikum Munster, Germany.

Abstract

BACKGROUND AND OBJECTIVE: Minimal- and low-flow anaesthesia (fresh gas flow below 1 L min(-1)) provide many advantages, including
reduced cost, conservation of body heat and airway humidity. An airtight seal is essential between the airway device and the airway of the patient.
Therefore, we investigated whether the airtight seal created by a laryngeal mask airway allows controlled ventilation of the lungs when the fresh
gas flow is reduced to 0.5 L min(-1) and compared this with an endotracheal tube.

METHODS: In a prospective clinical study, 207 patients were managed using a laryngeal mask or an endotracheal tube. After intravenous
induction of anaesthesia and 15 min of high fresh gas flow, the flow was reduced to 0.5 L min(-1). The breathing system was monitored for airway
leaks, and the patients were assessed for complications after airway removal and postoperative discomfort.

RESULTS: Both the laryngeal mask and endotracheal tube allowed fresh gas flow reduction to 0.5 L min(-1) in 84.7% and 98.3% of cases
respectively (small leaks: 12% laryngeal mask, 1.7% endotracheal tube). Three patients with the laryngeal mask (3.3%) had airway leaks that
were too large to permit any reduction in the fresh gas flow.

CONCLUSIONS: The use of the laryngeal mask airway was more likely to be associated with a gas leak than use of an endotracheal tube;
however, if modern anaesthesia machines and monitors are used, in 96.7% of the patients managed with a laryngeal mask a reduction in the
fresh gas flow to 0.5 L min(-1) was possible. The incidence of coughing and postoperative complaints (sore throat, swallowing problems) was
higher after use of an endotracheal tube.

PMID: 11437374 [PubMed - indexed for MEDLINE]
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1. The Re-Breathing System

" Christian Hénemann. 11-i Bputaro-Yipaikcekuii Cumnosiym. Kuii, 2019
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Carbon dioxide absorption bt

Katholische Kliniken
Oldenburger Ménsterland

The chemical reaction of CO:2 within the absorber

CO, + Ca(OH), — CaCO, + H,0 + dT

dT=heat

USA: Sodalime: sodium or calcium hydroxide

/' Christian Hénemann. 11-ii BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019



Primus gas flow diagram

Gasflussplan APL Vo

Atemsystem

Frischgas

Ventilator

no’.‘; | —

| , o.Fush Gasversorgung 62
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Zeus gas flow diagram

Gasflussplan
APL-Ventil
Patienten-Gasanalysator SN Anasthesiogas
Joondy Fortleitungssystem
- e ;
Einstellung i ==y
Pmax / PEEP g

Patient

Christian Honemann. 11-i1 BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019
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As lower the fresh gas flow — the Re-breathingvolume increases

|Re8reatninguotume (%) gov 10 use acirele
8 ] : SyStem: Katholfchée\tl(]llniken
. araer ks
Open
60- | - high fresh gas flow (> 6 L/min)
- without Re-Breathing
50
40- Semi closed
- - Fresh gas flow reduced
304 - Flow between 0.5-6 L/min
- partial Re-Breathing
20
10+ Closed system
- Complete Re-Breathing
00 y 5 3 4 5 s | - fresh gas flow very low
_ - flow between 0.1-0.5
Jan Baum

Die Inhalationsnarkose
mit niedrigem Frischgasflul

Christian Honemann. 11-i1 BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019 Tieme Verlag 1992, 2. Auflage



Uptake of gases during inhalational anesthesia

Gesamtgasaufnahme Abb. 2: Low-Flow- und
[mI/min] Minimal-Flow-Anésthesie mit

. einem O,/N,O-Gemisch als
= = |Low-Flow-Anasthesie

4000}"‘“‘""‘1"” - Minimal-Flow-Anssthesie Trégergas im halbgeschlos-

Nicht-quantitative Anisthesie senen Atemsystem Primus

im geschlossenen System cre_- . 6
. B Lachgas (N.O) (modifiziert nach: Baum JA™)
1
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Low flow anesthesia

Semiclosed Closed
re-breathing system re- breathing system
Low Flow Anaesthesia Closed Circuit
Fresh gas flow: 1.0 L/min Constant gas volume

Quantitative anaesthesia
Minimal Flow Anaesthesia with Closed Circuit
Fresh gas flow: 0.5 L/min Constant gas volume
| and gas composition

Metabolic Flow Anaesthesia
fresh gas flow according to consumption

e

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

VAP

[ -
=
-
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2. Advantages of low / minimal /
metabolic flow and closed
circuit anaesthesia

/' Christian Hénemann. 11-ii BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019



Remember part 1

Open Lung concept and lung protective ventilation

Reducing the fresh gas flow during anaesthesia leads to

1. More humidified anaesthetic Gases
2. Anaesthetic gas temperature increases more rapidly
3. Better mucocilliary clearance

4. Increase in pulmonary function

" Christian Hénemann. 11-ii BpuTtaHo-YkpaiHcekun Cumnosiym. Knis, 2019



. o
Economical reasons Katholsche Kilken

Oldenburger Minsterland
32 Suciahecpital ochta

Saving volatile anesthetics

Increase in efficacy of the volatile anesthetic

Decrease cost, saves up to 90%

i 69
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Economical reasons

Ene

(o))

Katholische Kliniken
Oldenburger Ménsterland

..................

Costs for inhalational anaesthetics

[Euro]
45 - 4315 I 'sofiuran
40 A Sevofluran
37.20 Il Desfluran
35 -
30
25 A
20 1
15 1
1255 4180
1077 : 11.10
10 | 0.85 0.00
6.15
5 -l 2 %
1.69 . 1.68
5 — 1 —
High-Flow Minimal-Flow Minimal-Flow Quantitative Anisthesie
4.5 IY'min 0.5 IYmin 0.5 IYmin im geschlossenen System
0,/N,0 0,/ Air
)
“._ ./ Christian Honemann. 11-i BputaHo-YkpaiHcbkuin Cumnosiym. Kuis, 2019

Abb. 14: Kosten der
Inhalationsanésthetika
in Euro auf Basis einer
2-Stunden-Inhalations-
anasthesie

Vergleich der unterschied-
lichen Narkosefiihrungen

70
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Ecological reasons orfishetachs (ke

41 Miciaeen #iral Veihta

Reaction of Nitrous oxide with ozone (Waterson)

Nitrous oxide is
the most important ozone-depleting

and heat-trapping greenhouse gas.

Anthropogenic and natural forcing of the climate for the year 2000, relative to 1750
Global mean radiative forcing (Wm-2)
3 Greenhouse gases
Hpiocartons Aerosols + clouds
= A N;O
. < CH,4 Black
Hole in the ozone layer = estbon
= 1 fossil
CO, ropospheric fuel Mineral = dor
°Z°"e burning Dust Aviation olar
I ‘|’ Contrails Cirrus :[
| e |
0 I T
A Stratos eric Organic J :[
ozgne carbon  piomass ; Il.bar:jd useI i
o Sul hate from i 2IDELR OnlY,
£ il p ol burning
o fuel
S burning
2 - -
The height of a bar indicates a best estimate of the forcing, and the Aerosol
accompanying vertical line a likely range of values. Where no bar is present indirect
the vertical line only indicates the range in best estimates with no likelihood. effect
LEVEL OF SCIENTIFIC . : . Very Very Very Very Very Very Very
UNDERSTANDING High Medium Medium Low low low low low low low low

H9I_e in the ozone layer over the Antarktis (July 2005): nitrous oxide, the
/7~ Sager for the ozone layer? (Spiegel online) http://theresilientearth.com/files/images/Anthro+Natural_Forcings-ipcc.jpg

5 . i 71
& ! . . . - - 9 . '
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: : : b
techniques in anaesthesia o

Yesterday — today - tomorrow

Type of anaesthesia fresh gas flow

High flow anaesthesia > 2 L/min

yesterday

Low flow anaesthesia =1 L/min

Minimal flow anaesthesia = 0,5 L/min

today

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

72
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3. How to do low / minimal /
metabolic flow and closed
circuit anaesthesia?

/' Christian Hénemann. 11-ii BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019



O, + N,O + volatile anaesthetic

/' Christian Hénemann. 11-ii BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019



Remember: We never use nitrous oxide!

Christian Honemann. 11-i1 BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019

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



O, + Air + volatile anaesthetic

/' Christian Hénemann. 11-ii BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019



| can show the practice in the OR

/' Christian Hénemann. 11-ii BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019



O, + volatile anaesthetic

/' Christian Hénemann. 11-ii BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019



in a closed system
N=11

74.4 kg (50 - 93)
54.8 Jahre (50 - 93)
167 cm (152 - 186)

» L/min 02

time [min]

79
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100 % oxygen for delivery of volatile anesthetics

in Vechta/Damme/Muenster in 214564 patients (16.04.2019)

Christian Honemann. 11-i1 BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019
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Oxygen in high concentrations - contraindications

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

O Patients with acid aspiration

O Extrem COPD patients
FEV1<30%

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

O Lasersurgery

O ?7?

Christian Honemann. 11-i1 BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019
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The practice
We call it the

metabolic flow anesthesia

Christian Honemann. 11-i1 BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019
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Our practive in Vechta, with ready room

* Praoxygenation, 6 L O, FiO, 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) pg/kg KG sufentanile
* Rocuroniumbromide 0,4-0,6 mg/kg KG

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

+ otherwise dial in sevoflurane vapor to 8 Vol/% and reduce FGF 1 L/mir
with
~_ FiO;1,0 until you reach 0.7 — 0.9 MAC

: 83
© Christian Honemann. 11-i1 BputaHo-YkpaiHcbkuii Cumnosiym. Kuie, 2019



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

Sev [Vol%]

11,00 Euro 0,50 Euro

! ' Insertion of LMA
4.0 0,1

4,0

5 10 20

’ " Christian Hénemann. 11-i BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019
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Cost reduction for volatile anesthetics (2 h)

Euro
[Euro] )
45 . Abb. 13: Kostenein-
0 Bl isofiuran sparungen in Euro durch
- Sevofiuran a7 Minimal-Flow-Anasthesie

- | Desfluran . .

= von 0.5 I/min im Vergleich

30 - zur Standardtechnik mit

- 26.37 einem Frischgasflow von

25 1 2270 ,

3 I/min
20 -
16.15 17.69
15 -
11.09
10 -
6.46
5 - 410 . - 2.47 2.20
0.55 — — -
0 — T T T T
30 60 00 120 Zeit [min]
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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%.

/" Christian Hénemann. 11-ii BpuTtaHo-YkpaiHcekun Cumnosiym. Knis, 2019



Propofol plasma concentration after 2

mg/kg bolus

A

=

"~
n
i

)

— Micremulsion, mak
* Micremulsion, female

(. <=+~ Lipid emudsion

Plasma concentration of propofol { pg/ml)

Effect-site concentration of propofol { pg/ml)

M

29

* Micreemubson, Rmale
====Lipld epsulsion

e Vi roemulsion, nsile

Anesthesiology 2007; 106:924 -34 Copyright © 2007, the American Society of Anesthesiologists, Inc. Lippincott Willams & Wilkins, Inc.

Pbarmacokinetics and Pbarmacodynamics of Propofol
Microemulsion and Lipid Emulsion after an Intravenous
Bolus and Variable Rate Infusion

Kye-Min Kim, M.D.,* Byung-Moon Chol, M.D.,t Si-Won Park, M.D.,T Soo-Han Lee, Ph.D.,} Lane V. Christensen, B.S.,§

Jiaye Zhou, M.S.,|| Byung-Hoon Yoo, M.D.,* Hye-Won Shin, M.D.,# Kyun-Seop Bae, M.D.,”* Steven E. Kern, Ph.D., 1t
Sung-Hong Kang, Ph.D.,1t Gyu-Jeong Noh, M.D.§§

54
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Fig. 5. Simulation of an intravenous bolus of propofol 2 mg/kg for lipid emulsion and microemulsion of propofol in a subject whose
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Increase of volatile anesthetics with low fresh gas flows (Cato, Drager®)

14
time until 0,7 MAC

12

10
8 O Desfluran

O Sevofluran
6 @ Isofluran
4
2
0 . .
300 ml 500 ml 750 ml 1000 ml
FrischgasfluBR FrischgasfluB FrischgasfluBR FrischgasfluB
V> nach Dr. Hauenschild

- -
: H
"
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Increase of volatile anesthetics with low
fresh gas flows, Primus, Zeus, Drager®

Zeit [min] Abb. 26: Daten des
Primus — Sevofluran

Maximale Abgabeleistung
des Vapors 8 Vol.-%

(dies entspricht ungefahr
4 x MAC)

os
Frischgasflow [/min] Abb 26 D t d
. 26: Daten des
Zait [min] .
Primus — Sevofluran

Maximale Abgabeleistung
des Vapors 8 Vol.-%

(dies entspricht ungefahr
4 x MAC)

o It
—s 0.2 os 1
// \\\ - Frischgasflow [I/min] Cand.med. Y. Dietzler
£ It Marienhospital Vechta
H §

T - o - o . - Dissertati beit
Christian Honemann. 11-i1 BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019 Data, not published
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Metabolic flow (withdrawal)

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

- In the recovery room what ever is needed.

/' Christian Hénemann. 11-ii BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019
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4. How do you know you have a stable
inspired oxygen and volatile anesthetic
concentration?

/' Christian Hénemann. 11-ii BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019



The reservoir bag is telling the truth

FGF is too much FGF is too less

i

[

MO|} sed 3594} MO| :Suludepn

ballooned normal collapsed

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

96
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Christian Honemann. 11-i1 BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019



Believe what you measure !

Inspired oxygen concentration, FiO,

Exspired concentration of the volatile anaesthetic
Peak pressure, pplat pressue and PEEP
Oxygensaturation (Sa0,)

Endtidal CO,

Christian Honemann. 11-i1 BputaHo-YkpaiHcbkui Cumnosiym. Knis, 2019



Technical help from the anaesthesia machine!

« Econometer

« Smart Applications

VaporView / FiO2 Prediction

/' Christian Hénemann. 11-ii BputaHo-YkpaiHcekun Cumnosiym. Kuis, 2019
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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: v, surplus
Fresh Gas Fiow is in the range of the assumed
and calculated consumption (uptake + leakages
+ transferred CO2 volume to Absorber)

efficient
— Yellow Area:
Fresh Gas F.uw is more than 1 |/min above the .
actual gas deficit
— Red Area fresh-gas flow
Fresh Gag==dw is less than actual gas

consumption (Fresh gas shortage)

Integrated electronic ,,low flow trainer“ for qualitative displaying of
fresh gas use efficiency

99



Econometer (PerseusA500°)

xMAC Age 0. 1 -5-30min -15min

18 .Des prediction &MV

506

I Econometer trend ’ 0 Vaporizer Volumeter
d ] Des 0.0 ' :
. |

0.0

0-30min -15min now -60

-30min -15min now  0_-10 minnow

Volume
Control

Pressure

Monitorine

Surplus
Econometer Efficient
Deficit  Efficient Surplus
Deficit
—a——— 4
Econometer
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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!

v

7 N
| .
'35.7‘.».7 (/

=
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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

5 102
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Low-Flow-, Minimal-Flow- und
Metabolic-Flow-Anédsthesien
Klinische Techniken zur Nutzung
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Drager

Minimal-Flow-An&sthesie mit
Sauerstoff als Tragergas
Schematische Vorgehensweise*

(ab einem Patientenalter > 6 Monate)

Pramedikation nach gewohntem Schema

- P mit 100 %
Vorhalten einer Ges»cMSmaske

mit & I/min for 1 bis 3 Minuien unter

Gabe des oder

— Analgesie und Relaxation (Achtung: Einleitungsopioid eventuell bis 20 % hisher dosieran)

Endotracheale Intubation oder Einlegen einer Larynxmaske

- Anschluss des Patienten an das Kreissystem

Dauer 1 bis 8 Minuten - Einstellungen Frischgasfiow
100 % Saverstoff 1 /min

- Vapor-Einstellungen

Isofluran 5 bis 6 Vol-%
Sevofluran 5 bis 6 Vol-%
Desfluran 12Vol-%
Die inspiratori ion wird sich in itvon Alter

und Gewicht awischen 60 und 80 Vol-% einpendeln.

des Ziel-MAC-Wertes von 0,8 bis 1

Nach i

auf 0,26 bis 0,35 Vmin
siehe Tipps und Tricks

Fri fur 100 %

Anderung der

mit einer unteren Alarmgrenze von
mindestens 28 Vol-%
i untere Alarmg

auf 0,5 Vmin unter dem angestrebten
Sollwerl einstellen.

der Nar i im for
Isofluran auf 2 bis 2,5 Vol-% setzen, fur Sevofiuran auf 3 bls 35 Vol % und for
Desfluran auf 8 bis 10 Vol-%
Der Einsatz des Drager SmartPilot View kann MinimakFlow-Techniken sinnvoll
unterstiizen.

Ausleitung

Drager

Minimal-Flow-Anédsthesie mit
Sauerstoff-Luft-Gemisch als Tragergas
Schematische Vorgehensweise*

Primedikation

Pramedikation nach gewohntem Schema

~ Praoxygenierung mit 100 % Sauerstoff mit 6 I/min fur 1 bis 3 Minuten unter
Vorhalten einer Gesichtsmaske

- Gabe des | oder

- Analgesie und Relaxation (Achtung: Einleitungsopioid eventuell bis 20 % hoher
dosieren)

- Endotracheale Intubation oder Einlegen einer Larynxmaske

~ Anschluss des Patienten an das Kreissysiom

- Einstellungen Frischgasflow
‘Sauerstoff 1 I/min, Air 3 Vmin (40 % Sauverstoff und 4 Umin Frischgasflow)

- Vapor-Einstellungen
Isofluran 2,5 Vol-%
Sevofluran 35Vol-%
Desfluran 6Vol-%

- Die inspiratorische Saverstoffkonzentration wird sich zwischen 35 und 40 Vol -%
einpendeln.

Nach Emld’ﬂn dol Ziel-MAC-Wertes von 0,8 bis 1

Drdger

Minimal-Flow-Anasthesie mit
Sauerstoff-Lachgas-Gemisch als Tragergas
Schematische Vorgehensweise*

Primedikation
Pramedikation nach gewohniem Schema

Einleitung
~ Praorygenierung mit 100 % Sauerstoff mit & Vmin for 1 bis 3 Minuten unter
Vorhalten einer Gesichtsmaske
Gabe des + i oder
- Analgesle und Relaxation

*Alle Angaben sind Klinisch erprobte Orienti

Redwzierung der Vapor-Einstellung auf 0 % etwa 10 bis 15 Minuten vor OP-Ende.
Beibehalten des niedrigen Flussas von 0,35 Vmin.

Uberfuhren des Patienten zur Spontanatmung.

Nach Ende der Naht, vor Extubation: Spuien des Systems mit 100 % Sauerstoff mit 6 Vmin.
Postoperative Batreuung des Patienten entsprechend den tblichen
abteilungsinternen Verfahrensweisen.

Sie miissen aber im Er—ﬁl

des Patienten, den Leis

F fur Sauerstoff auf 0,3 Vmin, fur Air auf 0,2 V/min
(69 % Sauerstoff und 0,5 Vmin Frischgasfiow)
- Erhohung der Vapor-Einstellung for

Isofluran auf 6Vol-%
Sevofluran auf 5Vol-%
Desfluran auf 8Vol-%

- Inspiratorische Sauerstoffkonzentration mit einer unteren Alarmgrenze von
28 Vol-%.
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- i : untere
Soliwert einstellen.

- dar im o for
Isofluran auf 2 bis 2,5 Vol-% setzen, fur Sevofiuran auf 3 bis 3,5 Vol-% und for
Desfluran auf 8 bis 10 Vol.-%.

- Der Einsatz des Drager SmartPilot View kann MinimakFlow-Techniken sinnvoll
unterstlizen.

auf 0,5 Vmin unter dom angestrabten

Ausleitung

- Redwierung der Vapor-Einstellung auf 0 % etwa 10 Minuten vor OP-Ende.

ibehalten des niedrigen Flusses von 0,5 Vmin.

- Uberfuhren des Patienten zur Spontanatmung.

- Nach Ende der Naht, vor Extubation: Spulen des Systems mit 100 % Sauerstoff
mit 6 I/min.

- i des Patienten
abteilungsinternen Verfahrensweisen.

den Oblichen
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- Intubation oder Einlegen einer Larynxmaske
~ Anschiuss des Patienten an das Kreissystam

- Einstellungen Frischgasfiow
Sauerstoff 1,4 I/min, Lachgas 3 Umin (32 % Sauerstoff und
4,4 min Frischgasflow)

- Vapor-Einstellungen
Isofluran 1 bis 15 Vol-%
Savofluran 2 bis 25 Vol-%
Desfluran 4 bis 6 Vol-%
- Die inspir wird sich zwischen 30 und 40 Vol-%
einpendeln

Nach Erreichen des Ziel-MAC-Wertes von 0,8 bis 1

- Verminderung Frischgasflow auf insgesamt 0,5 Vmin (Sauerstoff 0,3 Vmin,
Lachgas 0,2 Vmin (60 % Sauerstoff und 0,5 Imin Frischgasfiow))
- Erhohung der Vapor-Einstellung

Isofluran auf 25 Vol-%
Sevofluran auf 3 bis 35 Vol-%
Desfluran auf 5 bis 7,5 Vol-%

Inspiratorische Sauerstoffkonzentration mit einer unteren Alarmgrenze von

mmﬂeslans 28 Vol-%.

- : uniere g
Sollwert einstellen.

- L der i ion im o for
Isofluran auf 2 bis 2.5 Vol.-%, fur Sevofluran auf 3 bis 3,6 Vol.-% und fur Desfluran
auf 8 bis 10 Vol-% setzen.

- Der Einsatz des Drager SmartPilot View kann Minimal-Flow-Techniken sinnvoll

unterstiizen.

auf 0,6 Vmin unter dem angestrebten

Ausleitung

- Reduzierung der Vapor-Einstellung auf 0 % etwa 10 bis 15 Minuten vor OP-Ende.

- Beibehalten des niedrigen Flusses von 0,5 Vmin.

- Uberfuhren des Patienten zur Spontanatmung.

- Nach Ende der Naht, vor Extubation: Spulen des Systems mit 100 % Sauerstoff
mit 6 I/min.

- d des Patienten
abteilungsinternen Verfahrensweisen.

den oblichen



Thanks for your kind attention?
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