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COVID-19:

Observations in Germany
and ECMO considerations

Presented by: Dr. Armin Kalenka and Dr. Philipp Lepper

Date: Thursday, May 7

Time: 8:00 AMPST| 10:00 AMCST| 11:00 AM EST | 5:00 PM CEST
Duration: 90 minutes

» WHAT WILL BE COVERED

» Observations of COVID-19 dynamics in Germany

« Pragmatic treatment of COVID-19 patients with respiratory distress
« Considerations and criteria for ECMO treatment

« Long-term care of COVID-19 disease and treatment options
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A German Exception? Why the Country’s
Coronavirus Death Rate Is Low

The pandemic has hit Germany hard, with more than 100,000
people infected. But the percentage of fatal cases has been
remarkably low compared to those in many neighboring

countries.

In the heart of Berlin,
Potsdamer Platz was nearly
empty on Saturday, as
people heeded orders to stay
at home.

Emile Ducke for The New York
Times
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JOHNS HOPKINS | coronavirus

UNIVERSITY & MEDICINE Resource Center

A | COVID-19 Map News & Information Data Center COVID-19 Basics Videos & Live Events

View Map Map Information Map FAQ

Coronavirus COVID-19 Global Cases by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU)

Total Confirmed

Confirmed Cases by
Country/Region/Sovereignty

us

Spain

ltaly

France

Germany
China
Iran
United Kingdom
Turkey
Belgium
Switzerland
Netherlands
Canada
Brazil

Portugal

Admin0 Admin1 Admin2

Total Deaths

96.787

18.279 deaths
ltaly

15.843 deaths
Spain

12.210 deaths
France

[

7.978 deaths
United Kingdom

5.150 deaths
New York City New York US

4.110 deaths
Iran

3.216 deaths
Hubei China

3.019 deaths

Belgium

A'F R\I.CA

AUSTRALIA

Esri, FAO, NOAA

Cumulative Confirmed Cases Active Cases

Lancet Inf Dis Article: Here. Mobile Version: Here. Visualization: JHU CSSE. Automation Support: Esri Living Atlas
team and JHU APL. Contact US. FAQ.

Total Recovered

China

Spain

Germany

Iran

Italy

us

France

Switzerland

https://coronavirus.jhu.edu/map.html
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COVID-19 Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU)

Total Confirmed

Confirmed Cases by
Country/Region/Sovereignty

us
Spain
Italy
United Kingdom
France
Germany
Turkey
Russia
Iran
China
Brazil
Canada
Belgium
Netherlands
India
Peru

Admin0 Admin1 Admin2

Last Updated at (M/D/YYYY)

4/30/2020, 7:32:33 nachm.

o : : Total Deaths

230.615

27.967 deaths
Italy

26.771 deaths
United Kingdom

24.543 deaths
Spain

24.087 deaths
France

18.076 deaths
New York City New York US

7.594 deaths
Belgium

AF R CA 6.518 deaths
Germany

L NNO o nalean
Deaths Recovered

AUSTRALIA

Esri, FAO, NOAA

Cumulative Confirmed Cases Active Cases Incidence Rate Case-Fatality Ratio Testing Rate Hospitalization Rate

Lancet Inf Dis Article: . Mobile Version:
Lead by . Automation Support: .
eb

Data SOUI’CG§Z Confirmed Logarithmic

Total Test Results in US

6.065.570

872.481 tested
New York US

603.139 tested
California US

373.488 tested
Florida US

314.790 tested
Texas US

265.618 tested
Massachusetts US

256.667 tested
lllinois US

241.318 tested
New Jersey US

214.883 tested

4 US total tests

Mar

Daily Cases

https://coronavirus.jhu.edu/map.html
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Diagnostic testing for COVID-19 '
"e

Tests per 1000 population, as of 26 April 2020

Iceland 3
Luxembourg’
Estonia 3
Lithuania 2
Israel 2

Italy 2
Switzerland ?
Spain 2
Norway '
Austria 3

N

Denmark’
Latvia 2
Germany ?
New Zealand™®
Slovenia 2
OECD36
Ireland 3
Portugal’
Czech Republic ?
Australia 3
Canada’
Belgium ?
United States ®
Finland 2
Slovak Republic 2
Korea'
Netherlands '
Turkey 3
United Kingdom 2
Sweden'
France 3
Chile 2
Poland 2
Hungary > [IFX
Greece' [JEER
Japan? | 1.8
Mexico' | 0.4

N
~N

9.1

646
369
eeee— 366
S 3 0705
286 ]
285
253
252 ]
239
229 ]
E—— 2’68
184 ]
e 17.8
156
B—1aad

L 13.0 ]

116

| 113 |

10.7 |

9.9

9.4 ]

Notes: 1/ People or cases tested. 2/ Tests performed or samples tested. 3/ Units of test unclear or inconsistent.
Sources. Our World in Data, accessed 26 April 2020, \
& Gabinete de la Presidencia del Gobierno, Spain. @” OECD
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>> Capacity of intensive care beds in selected OECD countries, per 100 000 population

B 2020 (or nearest year)
Germany (2017)

Austria (2018)
United States (2018)
France (2018)
OECD10

Canada (2013/14)
England (2020)
Spain (2017)

Italy (2020)

Denmark (2014)

Ireland (2016)

Source: OECD Policy Brief on The Policy Response to the Covid-19 Crisis
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Anzahl COVID-19 Patient/innen in intensivmedizinischer Behandlung Anteil COVID-19 Patient/innen pro Intensivbett
& Anteil COVID-19 Patienten/innen pro Intensivbett aggregiert auf Kreisebene
18
(1,6%) 4
75 0,5%)
14
%
(5.2%) Q :
127
4,5%)

t P
G.2%)

16
(1,4%)

53 72

@3%) >

W7,8%-10,7% w
W 5,4% - 7,3% m 35.0% - 44.4%
4.8%) 4,8% - 5,2% Sy i = 25.0% - 35.0%
. B . ()

3,2% - 4,5%

0,5% - 1,6% A 15.0% - 25.0%

» 5.0% - 15.0%
‘ 0.0% - 5.0%

Oberste Zahl: Anzahl aller COVID-19 Patienten/innen in intensivmedizinischer Behandlung
In Klammern: Anteil COVID-19 Patienten/innen pro Intensivbett

Die dargestelten Zahlen basieren auf den jeweils aktuellsten Meldungen von 1.414 Meldebereichen® aus den letzten 60 Stunden
Die dargestelten Zahlen basieren auf den jeweils aktuellsten Meldungen von 1.414 Meldebereichen* aus den letzten 60 Stunden. Stand: 01.05.2020 /12:00
Stand: 01.05.2020 /12:00

—
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Covid-19 Patients

Ventilated Covid-19 patients free ICU beds

v

v v

Félle COVID-19 Félle COVID-19  Prozentualer Anteil Intensivbetten  Intensivbetten Gesamtzahl aktuell
aktuell in Behandlung aktuell beatmet  beatmeter Patienten aktuell belegt aktuell frei betreibbarer Intensivbetten
Summe 2.167 1.561 72,0 % 20.123 12.955 33.078
Baden-Wirttemberg 393 272 69,2 % 2.198 1.656 3.854
Bayern 535 391 731 % 3.147 1.840 4.987
Berlin 122 97 79,5 % 1.081 454 1.535
Brandenburg 34 17 50,0 % 598 471 1.069
Bremen 14 8 571 % 168 102 270
Hamburg 75 62 82,7 % 584 372 956
Hessen 188 143 76,1 % 1.675 892 2.567
Mecklenburg-Vorpommern 4 3 75,0 % 541 280 821
Niedersachsen 127 85 66,9 % 1.586 1.242 2.828
Nordrhein-Westfalen 413 305 73,8 % 4.482 2.643 7.125
Rheinland-Pfalz 67 44 65,7 % 808 594 1.402
Saarland 36 26 72,2 % 361 306 667
Sachsen 72 48 66,7 % 1.057 618 1.675
Sachsen-Anhalt 16 12 75,0 % 688 488 1.176
Schleswig-Holstein 18 13 72,2 % 540 557 1.097
Tharingen 53 35 66,0 % 609 440 1.049
— - - ———————
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Schleswig

Holstein

Hamburg

T Bremen

Lower Saxony

North Rhine
Westphalia

Rhineland
Palatinate

Baden
Wurttemberg

©) dreamstime.com

Mecklenburg
Vorpommern

Berlin

£3

Saxony \_ Brandenburg
Anhalt

Bavaria

ID 137572265 © Vsviracevic
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normal ICU beds max. ICU beds

occupied ICU beds free ECMO beds

HESDEN
u IVENA eHealth - InterdisZiplinarer Veérsorgungsnachweis - , o
e Hessisches Ministerium

e fiir Soziales und Integration

Abmelden | Regelversorgung | Ubersicht/KHS | Alarmie‘ungen | SchlieBungen | MANV | Mehr +

Sie sind angemeldet als Armin Kalenka (Version 4.1.0)

| Normalpflegebetten ohne ITS und IMC - KHS gejamt | | ITS/IMC 3etten mit Beatmung - KHS gesamt | | IF'S/IMC Betten ohne Beatmung - KHS gesamt | | Abgénge | | PSA-Bestand | | PSA-Bedarf | | Automatisch aktualisieren Anzeige aktualisieren
Sonderlage: ITS/IMC Betten mit Beatmuyng - KHS gesa’ﬂ v v
Gesamtsumme 1408 2151 494 |o79 204 55 | 860 39 |
Leitstelle BergstraBe Soll-Betten Max.-Betten Davon Betten Belegte davon davon Anz. freie Anz. freie Telefon Bemerkungen
(Soll-Betten mit  mit OP- Betten belegte belegte Betten Betten mit Koordination
Not-Beatmung) Beatmung Betten (mit Betten (mit ECMO
Covid Covid
gesichert) Verdacht)
Heilig-Geist Hospital 5 7 2 4 3 0 3 0 06251132943
heute 11:32 heute 11:32 heute 11:32 heute 11:32 heute 11:32 heute 11:33 heute 11:34 heute 11:37 23.03. 09:51
Kreis-KH BergstraBe 8 # 19 & |5 yd 1 s 1 s 0 Vi 17 £ 0 vl 062527019211 V2
0
heute 13:56 heute 13:56 heute 13:56 heute 13:56 heute 13:56 heute 13:57 heute 13:57 heute 13:57 heute 13:57 27.03. 11:30
Schon Klinik Lorsch 1 6 5 0 0 0 1 0 062515915011 1 Gerat HGH Verliehe
n
OP-Beatmung Vorlauf
:2-3h

alle Notbeatmungen g
ehen zu Lasten der 6 |

MC-Betten
heute 09:02 heute 09:02 heute 09:02 heute 09:02 heute 09:02 heute 09:02 heute 09:02 heute 09:03 09.04. 12:04 09.04. 14:50
St. Josef Krankenhaus 1 3 2 0 0 0 1 0 06204703140 Notbetten brauchen Z
eitlichen Vorlauf
09.04. 13:03 09.04. 13:03 09.04. 13:03 09.04. 13:03 09.04. 13:03 09.04. 13:02 09.04.13:02 | 09.04. 13:02 19.03. 19:05 19.03. 16:46
St. Marien Krankenhaus 3 4 0 1 0 0 2 0 06206-509555
09.04. 15:35 09.04. 15:35 09.04. 15:36 09.04. 15:36 09.04. 15:36 09.04. 15:36 09.04.15:36 | 09.04. 15:36 09.04. 15:36 09.04. 10:07
Summe 18 39 14 6 4 0 24 0
Leitstelle Darmstadt-Dieburg Soll-Betten Max.-Betten Davon Betten Belegte davon davon Anz. freie Anz. freie Telefon Bemerkungen
(Soll-Betten mit  mit OP- Betten belegte belegte Betten Betten mit Koordination
Not-Beatmung)  Beatmung Betten (mit Betten (mit ECMO
Covid Covid
gesichert) Verdacht)
Krankenhaus Jugenheim-Seeheim 18 27 3 14 5 0 13 0 06257/508-311
heute 10:44 heute 10:44 heute 10:44 heute 10:44 heute 10:44 heute 10:44 heute 10:44 heute 10:44 09.04. 11:46
Kreisklinik GroB-Umstadt 8 11 3 3 0 0 8 0 06078/79-270
1
heute 09:03 heute 09:03 heute 09:03 heute 09:03 heute 09:03 heute 09:03 heute 09:04 heute 09:04 21.03. 16:41
Summe 26 38 6 17 5 0 21 0
Leitstelle Darmstadt Soll-Betten Max.-Betten Davon Betten Belegte davon davon Anz. freie Anz. freie Telefon Bemerkungen
(Soll-Betten mit  mit OP- Betten belegte belegte Betten Betten mit Koordination
Not-Beatmung) Beatmung Betten (mit Betten (mit ECMO
Covid Covid

gesichert) Verdacht)

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited
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normal ICU beds

max. ICU beds

u IVENA eHealth - Interdisziplinarer VeTsorgungsnachweis

Abmelden | Regelversorgung | Ubersicht

S | Alarmierjlingen | SchlieBungen | MANV

Sonderlage

occupied ICU beds

Mehr vl

30th April 20:00

free ECMO beds

neo>oEnN

Hessisches Ministerium
fir Soziales und Integration

| Normalpflegebetten ohne ITS und IMG - KHS gesdmt | | ITSAMC

tten mit Beatmung - KHS gesamt

ITS/IMC Betten ohne Beatmung - KHS gesamt | | Abgénge

PSA-Bestand | | PSA-Bedarf

Sie sind angemeldet als Armi

| Automatisch aktualisieren

n Kalenka (Version 4.1.0)

Anzeige aktualisieren

Sonderlage: ITS/IMC Betten mit Beatmunrg - KHS gesamt

Gruppierung = Versorgungsbereich bzw. LeitstelleP Anzeigen

Gesamtsumme 1456 2247
Leitstelle BergstraBe Soll-Betten Max.-Betten
(Soll-Betten mit
Not-Beatmung)
Heilig-Geist Hospital Bensheim 6 7
heute 16:06 heute 16:06
Klinik fur Psychiatrie, Psychotherapie
Heppenheim
Kreis-KH BergstraBe Heppenheim 8 £ 19 Vi
heute 15:52 heute 15:52
Schén Klinik Lorsch 2 6
Lev3
heute 06:09 heute 06:09
St. Josef Krankenhaus Viernheim 1 3
heute 11:32 heute 11:32
St. Marien Krankenhaus Lampertheim 3 3
heute 10:59 heute 10:59
Summe 20 38
Leitstelle Darmstadt-Dieburg Soll-Betten Max.-Betten
(Soll-Betten mit
Not-Beatmung)
Krankenhaus Jugenheim-Seeheim 18 27
heute 07:15 heute 07:15
Kreisklinik GroB-Umstadt 8 11
heute 07:51 heute 07:51
Summe 26 38
Leitstelle Darmstadt Soll-Betten Max.-Betten

5

«

(Soll-Betten mit
Not-Beatmung)

505

Davon Betten
mit OP-
Beatmung

1

heute 16:06

5 v
heute 15:52

4

heute 06:09
2
heute 11:32

0

heute 10:59

12

Davon Betten
mit OP-
Beatmung

2

heute 07:15
0
heute 07:51

2

Davon Betten
mit OP-
Beatmung

2 4

| 1002

Belegte
Betten

2

heute 16:07

heute 15:52

0

heute 06:09
heute 11:32

0

heute 10:59

9

Belegte
Betten

14

heute 07:15
3
heute 07:51

17

Belegte
Betten

rd

162

davon
belegte
Betten (mit
Covid
gesichert)

1

heute 16:07

heute 15:52

0

heute 06:09
heute 11:32

0

heute 10:59

3

davon
belegte
Betten (mit
Covid
gesichert)

10

heute 07:15
0
heute 07:51

10

davon
belegte
Betten (mit
Covid
gesichert)

47

davon
belegte
Betten (mit
Covid
Verdacht)

0

heute 16:07

heute 15:52

0

heute 06:09
0

heute 11:32

0

heute 10:59

0

davon
belegte
Betten (mit
Covid
Verdacht)

0

heute 07:15
0

heute 07:51

0

davon
belegte
Betten (mit
Covid
Verdacht)

|12

Anz. freie
Betten

4

heute 16:07

12 rd
heute 15:52

2

heute 06:09
1
heute 11:32

3

heute 10:59

22

Anz. freie
Betten

13

heute 07:15
8
heute 07:51

21

Anz. freie
Betten

v
35 |
Anz. freie Telefon Bemerkungen
Betten mit Koordination
ECMO
0 06251132943
heute 16:07 23.03. 09:51
0 Vi 062527019211
0
heute 15:52 heute 15:53 27.03. 11:30
0 06251591318 OP-Beatmung
oder Vorlauf: 2-3h
062515915011 alle Notbeatmungen
gehen zu Lasten der 6
IMC-Betten
heute 06:09 heute 06:09 heute 06:10
0 06204703140 Notbetten brauchen
Zeitlichen Vorlauf
heute 11:32 21.04. 11:34 19.03. 16:46
0 06206-509555
heute 10:59 17.04.15:22 27.04.10:46
0
Anz. freie Telefon Bemerkungen
Betten mit Koordination
ECMO
0 06257/508-311
heute 07:15 09.04. 11:46
0 06078/79-
2701
heute 07:51 21.03. 16:41
0
Anz. freie Telefon Bemerkungen
Betten mit Koordination
ECMO

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited
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Hoping for the best,
prepared for the worst,
and unsurprised by

anything in between.
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Individualized approach for
COVID-19 pneumonia

What is best?

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited 15
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Best practice in mechanical ventilation?

* Vr1: 6 ml/kg pbw for all patients and Paw < 28

NEJM 2000

 PEEP: ARDS network table based on Oxygenation

NEJM 2000 or NEJM 2004

* High PEEP: for severe ARDS

JAMA 2010

* Prone: for severe ARDS

NEJM 2013

e NMB: for severe ARDS or not?

NEJM 2010/JAMA 2019

e No NIV for severe ARDS

AJRCCM 2017

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited
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Summarize Evidence Profile
) the evidence Certainty of Evidence
Formulate Literature
Question Search — e e e
COVID-19 SE 3 £.8 e ipEmiAE  ——
S5, 3iil EmEs——F > e e .-
I S I mammnaw
PICO = 5
- > -
question _
_‘ Systematic reviews -
ARDS, MERS, SARS = = Il Rl i R R B [‘_j«_' =1
- Assess quality — =

Expert Identified EC:D,O%

evidence [L’ﬂ
New evidence
Expedited Review $
Dissemination & Publication :
- Y
]
( ( Recommendation || O ||
¢ (1)
Panel
Discussion

This article is being co-published in Critical Care Medicine (DOI: 10.1097/CCM.0000000000004363)
and Intensive Care Medicine (DOI: 10.1007/s00134-020-06022-5).
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Ventilation:
23 In adults with COVID-19, we suggest starting supplemental oxygen if the peripheral oxygen sat-  Weak
uration (Spo,) is < 92%, and recommend starting supplemental oxygen if Spo, is <90% Strong
24  In adults with COVID-19 and acute hypoxemic respiratory failure on oxygen, we recom- Strong

mend that Spo, be maintained no higher than 96%.

25  For adults with COVID-19 and acute hypoxemic respiratory failure despite conventional Weak
oxygen therapy, we suggest using HFNC over conventional oxygen therapy.

26  In adults with COVID-19 and acute hypoxemic respiratory failure, we suggest using HFNC ~ Weak
over NIPPV.

27  In adults with COVID-19 and acute hypoxemic respiratory failure, if HFNC is not available Weak
and there is no urgent indication for endotracheal intubation, we suggest a trial of NIPPV with
close monitoring and short-interval assessment for worsening of respiratory failure.

28 We were not able to make a recommendation regarding the use of helmet NIPPV compared No recommendation
with mask NIPPV. It is an option, but we are not certain about its safety or efficacy in COVID-19.

29  In adults with COVID-19 receiving NIPPV or HFNC, we recommend close monitoring for wors-  Best practice
ening of respiratory status, and early intubation in a controlled setting if worsening occurs. statement

30  In mechanically ventilated adults with COVID-19 and ARDS, we recommend using low tidal volume  Strong
(V1) ventilation (Vt 4-8 mL/kg of predicted body weight), over higher tidal volumes (V£>8 mL/kg).

31 For mechanically ventilated adults with COVID-19 and ARDS, we recommend targeting plateau  Strong
pressures (Pplat) of <30cm H,0.

32  For mechanically ventilated adults with COVID-19 and moderate to severe ARDS, we suggest Strong
using a higher PEEP strategy, over a lower PEEP strategy.
Remarks: If using a higher PEEP strategy (e, PEEP > 10cm H,O), clinicians should monitor
patients for barotrauma.

33  For mechanically ventilated adults with COVID-189 and ARDS, we suggest using a conservative Weak
fluid strategy over a liberal fluid strategy.

34  For mechanically ventilated adults with COVID-19 and moderate to severe ARDS, we suggest Weak
prone ventilation for 12 to 16 hours, over no prone ventilation.

35.1 For mechanically ventilated adults with COVID-19 and moderate to severe ARDS, we suggest Weak
using, as needed, intermittent boluses of neuromuscular blocking agents (NMBA), over con-
tinuous NMBA infusion, to facilitate protective lung ventilation.

35.2  In the event of persistent ventilator dyssynchrony, the need for ongoing deep sedation, prone ven- ~ Weak
tilation, or persistently high plateau pressures, we suggest using a continuous NMBA infusion
for up to 48 hours.

36  In mechanically ventilated adults with COVID-19 ARDS, we recommend against the routine use Weak
of inhaled nitric oxide.

This article'is'being co-published in Critical Care Medicine (DOI: 10.7097/CCM-0000000000004363)
and Intensive Care Medicine (DOI: 10.1007/s00134-020-06022-5).

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited
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— NCBI Resources [¥] How To (¥ Sign in to NCBI
PubifQed s: PubMed B covid 19 S search
Hfﬁﬁﬁﬂf."ni'.k‘u?;i";,"{.!jfh“""e Create RSS Create alert Advanced Help

COVID-19 is an emerging, rapidly evolving situation.

Get the latest public health information from CDC: https:/www.coronavirus.gov .
Get the |atest research from NIH: https://www.nih.gov/coronavirus.

The new PubMed site will become the default in mid-May.
Click here to try it now!

Frequently asked questions

Article types Format: Summary ~ Sort by: Most Recent ~ Per page: 20 ~ Sendto~ Filters: Manage Filters
Clinical Trial

Review Sort by:

Customize ... Search results

Text availability Items: 1 to 20 o Page 1 of416 Next> Last>>

= NCBI Resources ¥ How To (%) Sign in to NCBI
""buled-gov _ PubMed [ sars cov 2 O | [ Search |
Hftgﬁgfﬂ.ﬂn'{:ﬁ;“éf ngﬁjcm Create RSS Create alert Advanced Help

COVID-19 is an emerging, rapidly evolving situation.

Get the latest public health information from CDC: https://www.coronavirus.gov .
Get the latest research from NIH: https://www.nih.gov/coronavirus.

The new PubMed site will become the default in mid-May.
Click here to try it now!

Frequently asked questions

Article types clear  Format: Summary ~ Sort by: Most Recent ~ Sendto~  Filters: Manage Filters
Clinical Trial
Comparative Study Sort by:

+ Randomized Controlled Trial Search results

Customize ...

Text availability

0 Filters activated: Randomized Controlled Trial. Clear all to show 3505 items.

Abstract Related searches
Free full text () Effect of High vs Low Doses of Chloroquine Diphosphate as Adjunctive Therapy for Patients sars cov 2 genome
Full text 1. Hospitalized With Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Infection: A

sars cov 2 treatment

Publication dates Randomized Clinical Trial.
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Intensive Care Med (2016) 42:282-283
DOI 10.1007/s00134-015-4120-7 EDITORIAL

Jean-Louis Vincent
Carlos Santacruz

@ CrossMark

Do we need ARDS?

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited
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Covid-19 Does Not Lead to a “Typical” Acute Respiratory

Distress Syndrome

n=16

Luciano Gattinoni?, Silvia Coppola?, Massimo Cressoni3, Mattia Busana?!, Sandra Rossi%, Davide

Chiumello?

After considering that, all we can do ventilating these patients is “buying time” with minimum

additional damage: the lowest possible PEEP and gentle ventilation. We need to be patient.

Received: March 27,2020  Accepted: March 30,2020  Published Online: March 30, 2020
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Intensive Care Med
https://doi.org/10.1007/s00134-020-06033-2

EDITORIAL

T . ®
COVID-19 pneumonia: different respiratory s

treatments for different phenotypes?

Luciano Gattinoni'’, Davide Chiumello?, Pietro Caironi**, Mattia Busana', Federica Romitti', Luca Brazzi®
and Luigi Camporota®

Once intubated and deeply sedated, the Type L Type H patients should be treated as severe ARDS,
patients, if hypercapnic, can be ventilated with vol- induding higher PEEP, if Compatible with hemody-
umes greater than 6 ml/kg (up to 8-9 ml/kg), as the namics, prone positioning and extracorporeal sup-
high compliance results in tolerable strain without port.

the risk of VILIL. Prone positioning should be used

only as a rescue maneuver, as the lung conditions are
“too good” for the prone position effectiveness, which

Received: 24 March 2020 Accepted: 31 March 2020
Published online: 14 April 2020
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(3) Quotes Wiki

WER
[ think, therefore I am...

confused.
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Gattinoni’s dichotomous model

If you can't
explain it simply,
you don't
understand it

well enough.

Albetc Erngledinm

Type L
® Low elastane N elastane
® | ow VA/Q mismatch ® High R-L shunt
® [ow lung weight ® High lung weight
® [ow recruit ability ® High recruitability

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited 24
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K8:niah.
Lung damage progression
(SARS CoV 2 + P-SILI)

T CO D

O NIV early late
HENC Intubation Intubation

Type L Type H
® |ow elastane ® High elastane
® Low VA/Q mismatch ®  High R-L shunt
® Low lung weight ® High lung weight
® Low recruit ability ®  High recruitability
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Individualized approach for
COVID-19 associated ARDS (CARDS)

We are not treating ARDS or CARDS
we are treating Hypoxia

and respiratory distress

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited
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Hypoxia prevented by hyperventilation
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Patient mit COVID-19
or suspected of COVID-19

NO

[

Room air-Sp02 >= 94 %
+ hemodynamic stable
+ RR <= 20/min

Normal ward

Room air-Sp02 <=94%
0;-need< 5 |/min

RR <= 25/min

Blood pressure ;yal
>=100mmHg

IMC

e —

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited
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K

Intensive Care Med (2020) 46:606-618
https://doi.org/10.1007/s00134-020-05942-6

NARRATIVE REVIEW

. . . ®
Respiratory drive in the acute respiratory i

distress syndrome: pathophysiology,
monitoring, and therapeutic interventions

Elena Spinelli', Tommaso Mauri"?*®, Jeremy R. Beitler®, Antonio Pesenti'> and Daniel Brodie®

Excessive effort to breathe due to high respiratory drive
may lead to patient self-inflicted lung injury (P-SILI),

even In the absence of mechanical ventilation.

Give Oz until hyperventilation is decreasing

Independent of SpO2

29
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NIV in Covid-19

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited
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Intubation in Covid-19: harm more than benefit?

ARD 2B Nachrichten alolgs Borse Ratgeber Wlssen Kultur Kinder Die ARD Fernsehen Radio ARD Mediathek ARD@

@ tagesschau.de

Startseite Videos & Audios * Inland + Ausland ~ QINEHIEEIA Wirtschaft + Wahlen v+ Wetter + lhre Meinung + Mehr

W Startseite » Investigativ  » Beatmung bei Covidé®3 - Mehr Schaden als Nutzen?

Beatmung bei Covid-19

Mehr Schaden als Nutzen?

Stand: 30.04.2020 11:26 Uhr TAGESSCHAU INVESTIGATIV

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited

31



Heidelberg University Hospital

KG HOS Ital Medizinische Klinik
Be rgstraﬁe Intensivmedizin und Notfallmedizin

Guidelines and Recommendations

Med Klin Intensivmed Notfmed Stefan Kluge'**¢- Uwe Janssens'** - Tobias Welte*® - Steffen Weber-Carstens*® -

https://doi.org/10.1007/s00063-020-00689-w Gernot Marx?** . Christian Karagiannidism's

' German Society of Medical Intensive Care and Emergency Medicine (Deutsche Gesellschaft fiir
Internistische Intensivmedizin und Notfallmedizin [DGIIN]), Berlin, Germany

?German Interdisciplinary Association of Critical Care and Emergency Medicine (Deutsche

@ Interdisziplinare Vereinigung fiir Intensiv- und Notfallmedizin [DIVI]), Berlin, Germany

’ German Respiratory Society (Deutsche Gesellschaft fiir Pneumologie und Beatmungsmedizin [DGP]),
Berlin, Germany

© Springer Medizin Verlag GmbH, ein Teil von
Springer Nature 2020

Check for
updates

“German Society of Anaesthesiology and Intensive Care Medicine (Deutsche Gesellschaft fiir
Andsthesiologie und Intensivmedizin [DGAI]), Niirnberg, Germany

* ARDS Network Germany, Berlin, Germany
*Department of Intensive Care, University Medical Center Hamburg-Eppendorf, Hamburg, Germany

German recommendations for
critically ill patients with
COVID-19

In general, we advise to be rather re-
strictive with HFNC and NIV in the con-
textof COVID-19. Inpatients with severe
hypoxemia (P,O,/FiO, <200 mm Hg) we
suggest performing early intubation and

personal protection equipment (PPE) are essential in the care of patients

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited
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Deutsche Gesellschaft fiir Pneumologie und Beatmungsmedizin e.V. (DGP)

Position Paper for the State of the Art Application of Respiratory
Support in Patients with COVID-19

German Respiratory Society

Autoren
M. Pfeifer'-2:3, S. Ewig?, T. Voshaar®, W. Randerath®7, T. Bauer?, |. Geiseler®, D. Dellweg'?, M. Westhoff11:12,
W. Windisch'% 13, B. Schénhofer', S. Kluge'?, P. M. Lepper'®

A significant proportion of patients with respiratory failure
presents with relevant hypoxemia, often also caused by a
high inspiratory oxygen fraction (FiO2) including NHF, and
this hypoxemia cannot be not completely corrected. In this
situation, CPAP/NIV therapy can be administered under use
of a mouth and nose mask or a respiratory helmet as ther-
apy escalation, as long as the criteria for endotracheal intu-
bation are not fulfilled.

personal protection equipment (PPE) are essential in the care of patients

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited 33
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pPaO2 < 60, Hyperventilation

O2; (HFNC)

SpO2 < 92%7?, CO2 not |

NIV: PEEP 10, PS 8 - 15

SpO2 < 92%7?,
Respiratory distress?

Intubation: Start PEEP 12

check at least every 2 hours

check at least every 2 hours

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited
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Messbedingungen

FRCO2

L- Type Covid-19

FRC INview

FRC - PEEP
55 3000 |mi

%
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Start PEEP End PEEP

20 10

cmH20
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WMeasungen : 200 |mifcmH20
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Geschétzte Zeit PEEPe+i

emH20
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Cstat

Lung INview mifemH20
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JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Effect of a Low vs Intermediate Tidal Volume Strategy
on Ventilator-Free Days in Intensive Care Unit Patients
Without ARDS

A Randomized Clinical Trial

Writing Group for the PReVENT Investigators

POPULATION INTERVENTIONS
I .1 I 961 Patients randomized
T iy
o o 477 Randomized 484 Randomized
621 Men 340 Women 475 Analyzed 480 Analyzed
ICU patients without ARDS Low tidal volume Intermediate

Started at tidal volume of 6 mL/kg; tidal volume

expected to be intubated :
tidal volume then decreased insteps  gyarted at tidal volume of 10 mL/kg;

for more than 24 hours of 1 mL/kg predicted body weight if plateau pressure exceeded
: ! 25 cm H,0, tidal volume was
Median age: 68 yoars decreased in steps of 1 mL/kg
(IQR, 59-76) predicted body weight
LOCATIONS

PRIMARY OUTCOME
6

ICUs in the Netherlands

Number of ventilator-free days and alive at day 28

JAMA. 2018;320(18):1872-1880
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| A | Free from invasive ventilation | 8] 90-day survival
100+ | e Low tidal volume l
‘ | = Intermediate tidal volume |
®
3
£ ® =
H g
~
g 5w
firs
g 201
o
Hazard ratio, 0.99 (95% €1, 0.86-1.14); P» .92 Hazaed ratio, 107 (95% C1, 0.87-1.31); P» 54
0 3 3 El 12 15 18 b3 | 0 10 20 30 40 50 60 70 80 %0
No. at risk Days After Randomization Days After Randomization
Tidal volume
Intermediate 484 257 176 122 102 85 71 62 479 375 341 324 322 316 312 308 306 299
Low 476 251 162 117 94 82 71 67 476 355 324 312 303 X299 26 2% 293 291

| € | Intensive care unit length of stay

Intensive Care Unit, %

Hazard ratio, 0.94 (95% ), 0.80-1.09); P= 41

| D | Hospital length of stay

Haospital, %

Hazard ratio, 1.02 (95%.C1, 0.87-1.19); P= 83

0+ v v - 0+ ’ v ’ v '
0 5 10 153 20 0 6 12 18 24 30 36 42 43
No. at risk Days After Randomization Days After Randomization
Tidal volume
Intermediae 458 2N 134 (=1 34 456 375 270 196 133 93 74 62 49
Low 450 253 118 12 29 458 156 262 177 127 93 73 55 39
T

JAMA. 2018;320(18):1872-1880
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AP =PIP - PEEP

eTable 1 — Respiratory variables during the first three days of ventilation

After titration on day of randomization Day 1 Day 2 Day 3
Low Intermediate P Low Intermediate P Low Intermediate P Low Intermediate P
Tidal Volume  Tidal Volume value Tidal Volume  Tidal Volume  value Tidal Volume  Tidal Volume value  Tidal Volume Tidal Volume value
i 452 463 391 410 321 343 272 296
| Vr, mkg PBW 59(52-6.7) 9.1(7.9-10.0) <0.001 6.6 (5.5-8.7) 9.3(8.1-10.1) <0.001 74(58-97) 9.1 (7.7-10.3) =0.001 73(59-9.1) 9.1(7.7-105) <0.001
L DT 2o 19 =207 oTr=207 OO0t 2210 = 20] oo =21]) < 0.U0T ZUto =217 TT 10 —22) =u.ooT 2T io=21] o Ta=2437 TUOUT
MV, L/min 92(75-109) 10.0(85-12.3) <0.001 99(8.2-12.0) 98(8.1-12.0) 0.99 10.0(83-12.0) 99(8.0-120) 045 10.1(8.2-122) 106 (86-13.2) 0.14
Plateau pressure, cmH20 18 (15-21) 21(18-24) <0.001 17 (14 - 20) 20 (18 -23) <0.001 18 (16 —22) 21 (17 -24) 0.02 20 (16 - 24) 22 (18 -23) 0.18
PEEP_cmH-0O 8(5—10) 8(5-8) 0.33 6(5-8) 7(5-8) 0.64 6(5-8) 6(5-8) 0.58 7(5-8) 6(5-8) 0.29
Driving pressure, cmH20 10(8-13) 14 (12 -16) <0.001 10(8-13) 13(11-15) <0.001 10(8-13) 14 (11 -16) < 0.001 11(8-14) 14 (12 - 16) <0.001
ik ST = 2 20— X z S0="0r £ S0=07=07 002 OSSO S 0= 0SS 03510 30—=0=33) oS OSS0S0=1r : So=10r 5
Pa0z / FiOz2, mmHg 210 (152 - 300) 214 (153 - 307) 049 230 (171 - 300) 243 (180 - 311) 021 225 (178 — 292) 240 (176 - 297) 0.62 236 (181 —-285) 235 (168 — 307) 0.89
PaCO;z, mmHg 435(382-487) 36.0(30.7-420) <0.001 397(352-442) 352(31.5-397) <0.001 39.7(36.0-450) 375(33.7-420) <0.001 419(36.0-457) 38.0(33.7-427) <0.001
_pHa 7.31(7.24 —7.54) 7.39(7.31_-7.46) <0.001 7.38(733-7.42) 743(737-748) <0.001 7.41(7.36 —7.45) 743(738_-747) <0.001 744 (739-7.48) 745(740_7.48) 0.02
pHa<7.25 96 /381 (25.2) 46/404 (11.4) <0.001 18/375(4.8) 14/393 (3.6) 0.40 2/281(0.7) 3/303(1.0) 0.71 71237 (3.0) 1/248 (04) 0.3;&_'
m' 1327301 (34.0) 497408 (12.1) <0.007 Z2T3I5(11.2) 217393 (0.3 (IR0[IK] 2972871 (10.3) 2T 7303 (6.9) IR L T T 237 (7.2) 1248 (3.2) U.

Data are N (%) median (interquartile range)

Vrtidal volume; PBW: predicted body weight; bpm: breaths per minute; MV: minute ventilation; PEEF: positive end-expiratory pressure; FiQ,. fraction of inspired oxygen: PaO. arterial oxygen pressure: PaCQO. arterial pressure of carbon

dioxide; pHa: artenial pH
* defined as pHa < 7.35 and PaCO; = 45 mmHg

The lower number of patients assessed for respiratory acidosis and pHa = 7.25 represent missing in ABG measurements

JAMA. 2018;320(18):1872-1880
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one size does not fits all!
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Originalarbeit

Charakteristik von 50 hospitalisierten
COVID-19-Patienten mit und ohne ARDS

Michael Dreher, Alexander Kersten, Johannes Bickenbach, Paul Balfanz, Bojan Hartmann,
Christian Cornelissen, Ayham Daher, Robert Stohr, Michael Kleines, Sebastian W. Lemmen,
Jorg Christian Brokmann, Tobias Muller, Dirk Muller-Wieland, Gernot Marx, Nikolaus Marx

e

TABELLE 1

Patientencharakteristik

Alter — Jahre: Median (IQR) 65 (58-76) 62 (58-70) 68 (59-81)
weibliches Geschlecht 17 (34) 9(38) 8(31)
Komorbiditaten
gesamt 50 (100) 24.(100) 26 (100)
arterielle Hypertonie 35 (70) 16 (67) 19 (73)
Adipositas (BMI = 30 kg/m?) 17 (34) 11 (46) 6 (23)
Ubergewicht (BMI = 25 kg/m?, < 30 kg/m?) 14 (28) 9 (38) 5(19)

—_—
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High Positive End-Expiratory Pressure Is
Associated with Improved Survival in Obese

Patients with Acute Respiratory Distress

Syndrome

Christian Bime, MD, MSc,™” Mallorie Fiero, PhD, Zhengiang Lu, PhD,"" Eyal Oren, PhD, MS,*

Cristine E. Berry, MD, MHS,*"” Sairam Parthasarathy, MD,*” Joe G.N. Garcia, MD*"
—

Nonobese Obese
Adjusted ORS Adjusted OR&
Outcomes* High PEEP|| Low PEEPY (95% C(I) P Value High PEEP| Low PEEPY (95% (I) P Value
Mortality, %1 34 23 1.52 (0.9-2.6) .13 18 32 0.4 (0.18-0.97) .04
Unassisted breathing, %t 74 76 1.02 (0.6-1.8) .92 80 74 1.52 (0.65-3.55) .34
Barotrauma, % 13 7 1.98 (0.9-4.4) .09 3 6 0.35 (0.06-2.04) .24

The American Journal of Medicine, Vol 130, No 2, February 2017

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited 43



Heidelberg University Hospital

Hospital
Bergstraﬁe

Patient self-inflicted lung injury and positive end-
expiratory pressure for safe spontaneous breathing

K€

Spontaneous Effort at Lower PEEP  Spontaneous Effort at Higher PEEP

More efficient diaphragmatic contraction « Less efficient diaphragmatic contraction
Maldistribution of Lung stress « Even distribution of Lung stress Pol -10
Global & Local Overdistension Ppl -10 + Homogeneous Distension pt -

More Asynchrony Better gas exchange

More Perfusion

Ppl -20 (dorsal) Ppl -13 (dorsal)

8F-FDG

More Inflammation Less Inflammation =55

PET Scan '_‘$ = ) I :

Curr Opin Crit Care. 2020 Feb:26(1):59-65
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Lung protection in acute respiratory distress
syndrome: what should we target?

K€

Jeremy R. Beitler®®

KEY POINTS

e A precision medicine approach to lung-protective
ventilation requires weighing four key factors in each
patient:

o Biological predisposition to biophysical lung injury.

o Presence and severity of spatial mechanical
heterogeneity within the lung.

o Anticipated benefits of escalating lung-
protective interventions.

o Potential unintended adverse effects of
cointerventions, for example, deeper sedation,
required to escalate the lung-protective strategy.

Curr Opin Crit Care 2020, 26:26 — 34
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Ventilatory support in Covid-19

1. Covid-19 pneumonia is a heterogeneous picture

2. There is no one-size-fits-all approach

3. P-SILl is one key parameter

4. Oxygenation or P/F ratio is not helpful to titrate PEEP
® ARDSnet table is useless

5. Do not ,super optimize” blood gases
® pH7.25

6. You have to individualize therapy
® measure AP, IAP, EELV or esophageal pressure

7. See the whole patient

5. - 7. Adapted from Gattinoni et al Friday night ventilation:
A safety starting tool kit for mechanically ventilated patients. Minerva Anestesiol. 2014 Sep;80(9):1046-57
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A very pragmatic approach

AP

PEEP
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Learn from yesterday, live for today,

hope for tomorrow. The important

thing is not to stop questioning.”

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited
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COVID-19: ECMO considerations

Philipp M. Lepper E

Dept. of Internal Medicine V
ECLS Center Saar
University Hospital of Saarland




=) UKS
UKS COVID-19 ICU %mﬂ e L

r\

24 bed ICU with dedicated ECMO-service (including mobile ECMO team)
ICU solely for COVID + ICU patients

Set up of airlock chamber and strict isolation of all COVID +

PPE with overall, FFP3 mask, safety goggles + visor, double gloves

First COVID + patient arrived March, 14t

All ,,regular®“ ICU procedures performed:

» Intubation
» Tracheotomy
» Bronchoscopy — single use for bronchoscopy and tracheostomy

No COVID-19 infections in health care workers (HCW) occured up to now

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited
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UKS
Universitatsklinikum
des Saarlandes

UKS COVID-19 ICU Part 1 (16 bed unit)

C Floor

Airlock chamber

B Floor

[ Bed
- — Door

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited



&2 UKS
COVID-19 Infection control ?m R
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e Education and re-education on PPE

« Strong emphasis on basic hygiene measures
 No visitors allowed on ICU (exemtion possible for relatives of dying patients)

« Enhanced surveillance for infection in HCW

« Stress and burn-out prophylaxis

» 4-shift model to reduce duration of shifts
» Special provision of meals and drinks
» Close supervision by psychotherapist offered

* Personell of COVID ICU reinforced

> Staff of other ICUs with reduced service

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited
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COVID-19: transfer of french patients

4
MJ ~"’YA &®| Tour de France

\‘

r?*sa'!!*
- N :

Deployment of UKS ECMO team
with 2 helicopters to retrieve
french COVID patients:
in total 7 transferred

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited
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A

COVID-19; Case |

K., J.: 60 years old; otherwise healthy, no known previous conditions

* Intubation 26.03. COVID + 15.03.
* Prone position 27.03. — 31.03. Klebsiella aerogenes 3AMRGN 10.04.
 Tracheotomy 31.03.

« VWECMO 03.04. (01 76)

« awake ECMO since  29.04. (2L BF, 7 L sweep-flow); to date 30 days on ECMO
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+ pulmonary embolism

March 31st May 2nd
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A., M.: 69 years old; art. Hypertension, Diabetes mellitus, Obesity

* Intubation 16.03. COVID + 11.03.
* Prone position 17.03. — 23.03.

« Extubation 25.03.

* NIV 25.03. - 01.04.

* Reintubation 01.04.

« Tracheotomy 02.04.

« VWECMO 01.04. — 23.04. (Ol 50)

March 31st May 2nd
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COVID-19: Case Il

G., J.-L.: 60 years old; art. Hypertension, Obesity

COVID + 12.03.

* Intubation 19.03.

* Prone position n.d.

 Tracheotomy 28.03.

« VWECMO 28.03. (Ol 77) — 02.05.

March 25th May 2nd

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited




COVID-19: Case Il

= UKS
=) Universitatsklinikum

= des Saarlandes

P

March 19th _ _
[ l G., J.-L.: 60 years old; art. Hypertension, Obesity

Lab values 23.03. 30.03. 02.05.

Leukocytes 15.8 24.0 17.8 G/L
Lymphocytes 4 4 3 %
CRP 330 383 20.5 mg/L
IL-6 247.6 12,504* 19.6 pg/mL
Ferritin n.a. 1005 2176 ng/mL
D-Dimers 2.26 25.21 >33.0 mg/L
PCT 9.31 1.57 0.29 ng/mL
Fibrinogen 800 474 49 mg/dL

Perfusion data — dual energy CT

* Patient recieved 2 doses of tocilizumab

Exclusive property of GE Healthcare. Any unauthorized reproduction or use is strictly prohibited



&2 UKS
ECMO and COVID-19: a bad idea ? ?m PR

D

Authors Age (yrs): ® # of patients: n = (# ARDS Conventional ARDS Conventional ARDS Therapy ECMO: ECMO -Survivors: n
patients) Therapy: n= Survivors: n (%) n= (%)
Ruan Q et al. 2020 Survivors: 67 (15-81) 150 (62) 55 7(12.7%) 7 0(0%)
Non-Survivors: 50 (44-81)
Wu et al. 2020 51 (43-60) 210 (84) 83 40 (48.2) 1 0(%)
Yang X et al. 2020 59.7 (13.3) 52 (35) 29 9(31.0%) 6 1 (16.6%)
Zhou Fet al. 2020 56.0 (46.0-67.0) 191 (59) 56 9(16.1%) 3 0 (0%)

* Data presented as mean (SD) or median (IQR). ARDS - Acute Respiratory Distress 5},ﬂ1dl‘y

Conventional ARDS Conventional ARDS Therapy ECMO: ECMO -Survivors: n
Therapy: n= survivors: n (%) n= (%)

55 7(12.7%) 7 0 (0%)

83 40 (48.2) 1 0 (%)

29 9(31.0%) 6 1 (16.6%)

56 9(16.1%) 3 0 (0%)

What might be causes for bad outcome ?

Henry BM et al. J Crit Care 2020
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EOLIA: DSMB - safety analysis
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1271 | Stop for efficiency
107 SRR
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X //.-: /-
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0 T //:/ T T T 1
£
/,'/,/’/'.5 10 15 20 25
—2 // ¥ W
// /
4. Stop for harm

_6‘
* recruitment stopped

* 4" planned interim analysis (each after 60 included patients)

» 240 patients
> till April 2017

e lower boundary of “stopping-rule triangle” crossed

» difference between groups unlikely

Combes A at al. NEJM 2018
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EOLIA: comparison between groups %m des Saarlandes

VT, mL/kg PBW, P < 0.001 Plateau pressure cmH,0, P < 0.001
111“@-&33&92%. i W?%%HMH
3 days 3 days 12
PEEP cmH,0, P = 0.291 AP cmH,0, P = 0.011
[ it1y7y, Lrrrrorog
| SREERERESIEES
g BRI
days 3 6 d;ys
—— ECMO —e— Control
I VpaVCOrz nr'\megr, P7< Q.OQ1 77777 } $,0,, P <0.001

T

ECMO works with regard EEREEESEEEERTE N E R R
to certain technical parameters

pH, P < 0.001 - P.O, mmHg, P = 0.16?
SHILE R
I 1 1T :
SSSSESSSsssss JiSEESE H1p1iid,
days o d;ys : ’ 5

Combes A at al. NEJM 2018
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EOLIA: Results per protocol %ﬁm Universitatskinikum

r\

L0 Death: RR 0.76 (95% CI 0.55 — 1.04: P = 0.07)
0.9+
— 0.8+ e 35%
)
g 0.7 - ECMO group
@ 0.6 5
s —~r
= 0.5~ Contr(c)) group
= 0.4- 46%
2
o 0.3~
% 0.2-
0.14 P=0.07 by log-rank test
0.0 I I I I I l
0 10 20 30 40 50 60
Days
No. at Risk
ECMO 124 105 100 92 33 33 30

Control 125 81 79 74 72 69

Combes A at al. NEJM 2018
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COVID-19: alveolar gas equation e e L

R

PpO, = (FO, X [Pam = Pr2ol) = (P,CO4/R)

We may suppose that R = 0.80; alveolar-arterial O2 difference:

PaO; = (FiO, X [Paim — Piizol) — 24/0.8
P,O, =(0.21x[760-47])-30

P,O, =(0.21x 713) - 30

P,O, =120 mmHg

A-a difference = 120 - 96

The alveolar-arterial O2 difference is 24 mmHg
— thus, there is ventilation-perfusion inequality (to some extent)...

The lung does not determine the amount of oxygen transferred, the amount of
oxygen transferred is determined by the peripheral tissues.
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COVID-19: V/Q inequality €S B des Saarlandes
Ventilation-perfusion inequality must cause hypoxemia
Alveolar unit
V/Q inequality 50
{1 ==
:? 1 O~ N
S 14.6 mL/dL
: .. S 1 O, cont.
Fall in pO, rise in pCoO, CS\J 19.5 mL/dL
U -
20.0 mL/dL
| | | |
60 80 100 120

Increased ventilation

Y

PO, mmHg

140

Hyperventilation can bring pCO, back to normal, but can never resolve hypoxemia
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COVID-19: VIQ inequality %m L e L
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Sample type | Arteriell

oz |57 e | FiO2  100% A | |
pOZ(T) | S8.61L 83-108 pO, 59 mmHg 1. Severe V/Q mequ_allty;
e NN pCO, 57 mmHg >2. Preserved compliance
02tb | 87.01L 34-38 PEEP 10 mbar 3. Increased dead space
et [ 1 as P 26 mbar 4. Impaired HPV (see below)
HCO3- | 28.00H 22-27 InSp
Ma+ | 142 136-146 TV 880 mL J
o | vmat L « DO, relatively preserved
Lac | 2.2/H u§-1.ﬁ ¢ pH Not (yet) an iSSUe

* 5.0, 55% — Inotrope ?

« Hemodynamics

» SPAP 32 mmHg

» dPAP 20 mmHg

» PCWP 15 mmHg

» CO 7.8 L/min

» CI 3.9 L/min/m?

> PVR 91dyn-s-cm®
» SVR 792 dyn-s-cm®
> EF 55%
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COVID-19 (and ECMO): the UKS experience E@m des Searlandes

*Prone position and higher PEEP L

* may work or may not work

* both are meant to alter V/Q I‘
Keep your standards A

* Things work best if you do them as always

Prone

Cannulation should follow patient needs

 Patients will mainly need vwveCMO
« Some might need va- or vwvaECMO e.g. in pulmonary embolism

UKS Standard vwvECMO cannulation is

« drainage VF and return VJI
« UKS max. patients on ECMO at a time: 8

*related to COVID-19

Gattinoni L et al. ICM 2020
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Prone Position in ARDS %M dos Saariandes

1.0+
E 0.8 Prone group
e
=
7
(v
°
£ 06- Supine group
= pine group
(1)
.
o
Q0.4
o
2
©
=
£ 024 P<0.001
v
0.0 | T T T T I T T | -“7 )
0 10 20 30 40 50 60 70 80 90 ,
Days
No. at Risk
Prone group 237 202 191 186 182
Supine group 229 163 150 139 136

474 patients randomized; prone position for ~16 h (up to 4 x)
Kaplan-Meier Estimates 90 d survival
[82% recieved NMBA; 40% recieved steroids] /

-

Guerin C et al. for the PROSEVA Study Grodp; N Engl J Med 2013
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Reminder: venovenous ECMO

1007 b<0.001 AnBha
90 -
A
=y - A D
E--: 30 ﬁﬁﬁﬂ
5 AD
n -
-ug 70 A
8 fo A
S OT~0Vo 00~~~
S
O A
—~ 50-
Z 00
o o
% 40' 0
O
LLl
30 - O
25[
0 I T
Sa0, < 90 % Sa0,> 90 %

r\

% UKS
% Universitatsklinikum
& des Saarlandes

ECMO blood flow
~ 60% of CO to
achieve 5,0, 2 90%

= high ECMO flow In
hyperdynamic
states

Schmidt M et al. (2013) ICM 39:838
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COVID-19 and ECMO: what is different ? ?m UL LS

« Sedation

Patients might need more sedatives than we are used to
Consider also volatile anaesthetics

Fever and awake states increase CO, production
Consider NMBA and aggressive temperature treatment

O O O O

* |s it still COVID-19 or bacterial or fungal superinfection or ,,autoimmune®?

o regular microbiological sampling necessary
o COVID-19 hygiene does not prevent ,,other outbreaks*
o Consider steroids if ifection is controlled and GGO does not resolve

 High ECMO flows might be necessary, even if C is preserved

o Recirculation will possibly increase
o Monitor DO,
o What is acceptable within physiologic boundaries ?
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Universitatsklinikum

= UKS
NMBA in early ARDS - ROSE SU b

100
?tL Survived to hospital
561 h . dlscharge,
1 ~m intervention group
1 S
0]
q Q4
]
E Survived L "
] to hospital v
60-: discharge, == R A e e e &

{  control group

Discharged to home,
y control group
\ ]

Percentage of Patients
(9]
o
1

Discharged to home,

30—: intervention group
20
10°

0 10 20 30 40 50 60 70 80 90

Day

1006 randomized patients; Cisatracurium for 48 h within the first 48 h after ARDS onset
Kaplan-Meier Estimates 90 d survival

The National Heart, Lung, and Blood Institute PETAL Clinical Trials Network; N Engl J Med 2019
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COVID-19 and ECMO: what is different ? @ [ Universitsiiinkum

« Coagulation

o COVID-19 is disturbing coagulation
o DIC-like phenomena likely

o Anticoagulation with Heparin (PTT 45-55s)
o high rate of positive HIT ELISAS;

7\
HIT 4-T Score folgt 2) H
HIT Typ-II (E po3itiv

HIPA-Test negativ
Therapieangabﬁeparin, unfr;' < agatroban )

« Critical evaluation of concepts

o no bridge to nowhere
o consider palliative care for patients that have no
recovery (but be patient)

gcMoing
After considering that, all we can do ventilating these patients is “buying time” with minimum

additional damage: the lowest possible PEEP and gentle ventilation. We need to be patient.
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G., J.-L.: 60 years old; art. Hypertension, Obesity

Lab values 23.03. 30.03. 02.05. units
Leukocytes 15.8 24.0 17.8 G/L
Lymphocytes 4 4 3 %

CRP 330 383 20.5 mg/L

IL-6 247.6 12,504~ 19.6 pg/mL
Ferritin n.a. e 6 ng/mL
D-Dimers 2.26 >33.0\ mg/L
PCT 9.31 0.29 ng/mL
Fibrinogen 800 49 mg/dL

H_/

It might be difficult to differentiate between patient and circuit
problems:

» Monitor circuit and changes in the circuit

» In the example above we assumed a circuit problem,
rather than a COVID-19-related coagulation problem
as fibrinogen dropped rather fast
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Ventllatl 07880 ECMO — ObJeCt|VeS N des Saarlandes

Obijectives Means

Allow ,,lung rest® or
msultraprotective® ventilation

Accept higher tidals
Limit Peak pressure 26— 25 cmH20

,alveolar strain* Limit respiratory rate

Acute respiratory
failure treated with
ECMO Limit

Lreabsorbtion —>

Decrease ventilator F,O,

Marstonadoouotetevel ot REER

atelectasis*

&

Schmidt M et al. Crit Care 2014
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Mechanical ventilation during ECMO

complete lung rest Apnoeic ventilation + ECMO
(ECCO,R)
J Thorac Cardiovasc Surg. 1978 Feb;75(2):261-6.

An alternative to breathing. -

Kolobow T, Gattinoni L, Tomlinson T, Pierce JE.

g S R
¥ "-’., ) =8
v < x
\ o
\ r f:\.
UL, VT: 6mL/kg
Wil rg e
b | (e
‘\"; \-s ‘.\"Fu- 'h ?5‘-""
C L9 { :-' "‘\- a8
TOTAL REST STRATEGY OPEN LUNG STRATEGY £":€f¢f U g . *7,‘3“\" :
PRO: PRO: A AL . ]
Minimize Overdistention Minimize Atelectrauma Wy ?\:l _ ,-F-;":‘f'.:"-'vf;’i‘;' :i::fe’.\'*g _ .
- : e LA 8 : o NP TR :
COL?WQV Airway Pressure .C'Ollglc?wer Vt/EELVratio LL, VT: 6mL/kg ~LL, VT: 3mL/kg LL, Apnea
" Atelectrauma Overdistention Johannes A et al. 2014

Right Ventricular Failure
Higher Intrapulmonary Shunt

Pesenti A et al. 2018
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Mechanical ventilation during ECMO

The NEW ENGLAND JOURNAL of MEDICINE

driving pressure
"R in ARDS ‘ SPECIAL ARTICLE ‘

Driving Pressure and Survival in the Acute
Respiratory Distress Syndrome

L aC h m an n IC M 1992 . Marcelo B.P. Amato, M.D., Maureen O. Meade, M.D., AfthLJr S. Slut_sky_ M.D.,
] Laurent Brochard, M.D., Eduardo L.V. Costa, M.D., David A. Schoenfeld, Ph.D.,
Thomas E. Stewart, M.D., Matthias Briel, M.D., Daniel Talmor, M.D., M.P.H.,

Alain Mercat, M.D., Jean-Christophe M. Richard, M.D.,

£c Maintai n opti mal gas GXChange at Carlos R.R. Carvalho, M.D., and Roy G. Brower, M.D.
the smallest possible pressure

Matched PEEP Matched AP Matched Plateau Pressure
- 7
amplitude ..
g o
z ”l - -
5 30 s 304 L 30
g AP
@ F ap -
2 204 20+ L 204
. ] &
- _ -
owlin g O R B 7 o] PEEP 101
< PEEP e
. . o4
576 607 635 574 597 566 577 696 568 582 604 574 592 622 597

changes in ventilator settings were

strongly associated with 4 - { foo 1
| | HE SEETS O S i S
increased survival. o A o

Survival benefit if AP < 15 cmH,0 Highe pliea prescre Nos sy isky  Higher PEEP: ot s praecive

Amato M et al. The New England Journal of Medicine 2015
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The concept of driving pressure

driving pressure D A

. Ventilatory parameters
e d urin g ECMO Tidal volume, ml/kg PBW 40+1.7 40+16 404+19 0934
Tidal volume, ml/kg ABW 32+16 31+15 34418 0.075
PEEP, cmH,0 129+ 34 13.0£33 125£37 0.125
FO, 069+£0.24 067 £0.23 0741023 0.005
Plateau pressure, crmH-0 262 +46 260+43 267 £5.1 0.205
T . Driving pressure, cmH,0 13.7£53 133+ 48 145+ 6.2 0.048
Des | g n. Respiratory rate, bpm 178 £80 17477 187 £8.7 0.105
Individual patient data metaanalysis (9 studies, n=545) L mEen
Age, years 1.01 (1.00-1.02), 0.006
Gender, male 163 (1.21-2.21),0.001
Results: BMI, kg/m? 0.95 (0.93-0.97), <0.001
Risk of death, % 1.01 (0.99-1.01),0.063
SOFA 1.03 (0.98-1.07),0.252
= driving pressure is the only parameter TimebeweenMVECMO
. . . . . =24h 1.00 (Reference)
Independently associated with the primary endpoint .. 070 (045-1.09), 0112
(in-hOSpitaI mortality) >72h 0.78 (0.58-1.05),0.103
Indication of ECMO
Hypoxemia 0.96 (0.34-2.70),0.935
L] - L] - - - H H '| R F
= High PEEP is not associated with increased survival eI feterence
Ventilatory parameters
PEEP, cmH,0 -

. . . . FiO,, % 0.96 (0.40-2.30),0.924
L I m Itatl O n " Driving pressure, cmH50 1.06(1.03-1.10), <0.001
unclear clinical relevance Respiratory rate, bpm -

. . Laboratory parameters
(A driving pressure 1.2 cmH,0, HR 1.06!) PaO,FiO, mmHg 100 (0.99-1.00). 0431
PaCO5, mmHg 0.99 (0.99-1.01), 0.891
Lactate, mg/dL 1.00 (1.00-1.01), 0.005
Hemodynamics (pre-ECMO)
Norepinephrine, pg/kg/min® 1.07 (0.88-1.29),0.518

Neto AS et al. Intensive Care Med 201
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Mechanical ventilation during ECMO

ELSO guidelines » decelerate flow
* modest PEEP
* low inflation pressure
* respiratory rate 4 - 5

European Network of = PEEP 210
Mechanical Ventilation = plateau pressure £ 20 - 25

* respiratory rate 6 — 20
= O, 30% - 50%

CESAR trial = peak inspiratory pressure 20 -25
= PEEP 10 -15
» respiratory rate 10
= O, 30%

EOLIA trial = PEEP 210

= Reduced tidal volume — P ;0o < 20
» respiratory rate 10 — 30
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Recommendations....easily achivable during ECMO
(not COVID-19 specific)

 Reduce respiratory rate to < 12/min
 Reduce patients breathing efforts

e |ncrease T.

insp LO INCrease mean airway pressure

« Reduce F.O,to 0.6 or less; maintain SpO, > 88% (DO,)
« Play with PEEP and monitor for right heart failure

 Reduce P, to reduce AP to <14 (10)

plat

« Consider prone position on ECMO —

 Wean the patient of ECMO as fast as possible
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Conclusion

« ECMO might be a very good idea in COVID-19

 As always, ECMO can facilitate an ,,ultraprotective® ventilation in
patients with severe ARDS — especially by reducing the need for

ventilation

« The advantage of ,facilitated ventilation“ must be protected

against adverse effects ECMO might have (thrombosis, bleeding etc.)

« COVID-19 seems to be a slowly resolving problem

 Don‘t start an ECMO program with COVID-19 patients
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Thank you for your attention

philipp.lepper@uks.eu

EFTiR
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