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Lung Recruitment Assessed by Electrical Impedance N=108 4 = =i w

Tomography (RECRUIT)
A Multicenter Study of COVID-19 Acute Respiratory Distress Syndrome o
Annemijn H. Jonkman'??*, Glasiele C. Alcala®*, Bertrand Pavlovsky>®, Oriol Roca’®, Savino Spadaro®'°, g“
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Pleural Pressure Working Group (PLUG) 21| ~ :
Am J Respir Crit Care Med Vol 208, Iss 1, pp 25-38, Jul 1, 2023 T I R R
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Severe and recruitable animal model of ARDS
Mortality = 0%

| |
| |

o AR W—n—)

Low PEEP =
minimizing overdistension

Group
*p<0.001
* Low Overdistension

® Crossing Point

* [ [’} —— » Low Collapse
75 - )
High PEEP =
3 L -g Mortality: 50%
@ Minimizing lung collapse
> \Gas exchange
r; 50 - N Respiratory mechanics
:;.f; Overdistension 7Right ventricular afterload
= + Epinephrine requirement x 10
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Pa02/Fi02 <200 mm Hg

In-hospital time to death

1.0-
0.8
> 1 [T e e it e e
= 06- ‘
§ 4 HR 0.85(95% Cl, 0.73-0.99); P=.03
S 0.4-
ol Higher PEEP
0.29 | =-mm-- Lower PEEP
O I 1 1
0 20 40 60
Days After Randomization
No. at risk
Higher PEEP 949 760 693 666
Lower PEEP 939 723 649 619

Briel M et al. JAMA 2010
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Are the airways open?

High-resolution PEEP 12
synchrotron phase-
contrast CT

D PEEP 12

wwuw.paris-ecostes.com V

Broche et al, Crit Care Med, 2019




PV curve

450 4 —o— Patient

400 A

2.4 mL/cmH,0

16 cmH,0

I 38 mL [ Circuit’s compliance ]

| I I I 1

0 5 10 15 20 25 30
Elastic Airway Pressure (cmH, O)
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Low flow insufflation
1 PEEP5cm H,0

Paw \RR 8 breaths/min
N Flow 5 L/min
No AOP
:
Paw
AOP
AOP
PEEP
~ t'
Flow

www.pnrls-ecostcs.com Haludebourg/AsF et al Crit Care 2023



Low flow insufflation

AQOP

AOP | -
PEEP
t
'Y
Flow
0 \/
t
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Low flow insufflation

A
Paw

No AOP

AQOP
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Low flow insufflation

Paw

No AOP

Paw

AOP

AOP

PEEP

K
Flow

v

A novel method for assessment of airway 2
opening pressure without the need for low-flow
insufflation

Anne-Fleur Haudebourg'?, Elsa Moncomble'?, Arnaud Lesimple™®®, Flora Delamaire'?, Bruno Louis?,
Armand Mekontso Dessap ', Alain Mercat™®, Jean-Christophe Richard®’, Francois Beloncle®® and

¥ 1,23
Guillaume Carteaux Critical Care (2023) 27:273
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Low flow insufflation Usual flow insufflation
PEEP 5 cm H,O

Paw ! Paw | +/- SRR 20 breaths/min (no PEEPI)
No AOP
PEEP
t' t'
Paw
AOP
AOP
PEEP
+ t' .
Flow Flow
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Low flow insufflation

Paw

PEEP

Usual flow insufflation
PEEP 5 cm H,O

‘ +/- “RR 20 breaths/min (no PEEPi)

AQOP

AOP |-

PEEP

K
Flow

U e care 2023



Paw

No AOP

Low flow insufflation Usual flow insufflation

PEEP 5 cm H,O

Paw | +/- SRR 20 breaths/min (no PEEPI)

Paw

AOP

AOP

PEEP

K
Flow

Pcond > Pres

AOP = PEEP + (P,gng— P,e.)

v
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Paw

No AOP

AQOP

Low flow insufflation

v

Usual flow insufflation
PEEP 5 cm H,O

Paw | +/- SRR 20 breaths/min (no PEEPI)
NPV =97%

Pres

PEEP |

pcond > Prcs

AOP = PEEP + (P_gns = P,es)

A\
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Airway closure?

Paw Paw |

PcoM > Pres

PEEP

No airway closure
ADE w—//\ AOP measurement
-

AOP <10 cm H,0 AOP >10 cm H,O
v & @
Recruitability High PEEP
assessment
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How to assess recruitability? A Caution &

Low PEEP / Fi,0; table

Ll

A Pa0, at high PEEP in non-

recruiters due to a decrease

et e et in cardiac output (cardiac
output — shunt relationship) —

Cardiac Output % Boseline
3
L]

monitoring Spo; and Pa,co; respiratory
compliance

P
22 e | \\\.

Higher PEEP:
1. DP<15¢cmM;0 / TV £ 6mi/Kg PBW 1{
2. Titrate PEEP for Pplat 28-30cmH,0 v

Lower PEEP, e.g. BcmM;0, while
maintaining lung protective ventilation (DP
<15cmH;0 and TV £ 6ml/Xg PBW

recruiters due to intra-tidal Ea) /4
recruitment e

Esophageal pressure guided PEEP setting:
Set PEEP to achieve end-expiratory transpulmonary

pressure between -2cmH,0 and +2cmH,0

Dantzker DR et al. Chest 1980
Chen L et al. Am J Respir Crit Care Med 2020

Heunks L, Piquilloud L, Demoule A. Crit Care 2023
| www.paris-ecostcs.com




C =30 ml/cm H,O

PEEP =5 cm H,0

EELV = 800 ml
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C = 30 ml/cm H,0

PEEP =5 cm H,O =% PEEP = 15 cm H,0O

EELV = 800 ml EELV ="
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C = 30 ml/cm H,0

PEEP =5 cm H,O =% PEEP = 15 cm H,0O

EELV = 800 ml EELV =1100 ml
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C = 30 ml/cm H,0

PEEP =5 cm H,O =% PEEP = 15 cm H,0O

EELV = 800 ml EELV ="
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C = 30 ml/cm H,0

PEEP =5 cm H,O =% PEEP = 15 cm H,0O

EELV = 800 ml| EELV = 1100 ml + Vrec

www.paris-ecostes.com 7/, 7/




C = 30 ml/cm H,0

PEEP =5 cm H,O =% PEEP = 15 cm H,0O

EELV = 800 ml EELV = 1100 ml + Vrec



C = 30 ml/cm H,0

PEEP =5 cm H,O =% PEEP = 15 cm H,0O

EELV = 800 ml EELV = 1100 ml + Vrec



C = 30 ml/cm H,0

Vieee = Ve = V1 = (Ciow peer X APEEP)




PL (cmH,0) Pes(cmH,0) Paw (cmH,O)  Flow (Us)

Vol (ml)

40

3. Record expired VTs

i,
R G|

4. Record Pplat

h K

2. Reduce PEEP by 10 cmH20

0 10

wwuw.paris-ccostcs.com

20
Time (s)

30 40

Chénetal/ KIRCCM 2020;2:178-187




PL (cmH,0) Pes(cmH,0) Paw (cmH,O)  Flow (Us)

Vol (ml)

3. Record expired VTs

MUUL/LJL

1. Reduce RR 2.Reduce PEEPby 10 cmH20

4. Record Pplat

h K

wwuw.paris-ccostcs.com

Pplat =20 cmH,0

PEEP = 5 cmH,0

v

Clow-pEEP =
30 ml/cmH,0

e etal/ KIRCON 2020,2:178-187



C = 30 ml/cm H,0

Vieee = Ve = V1 = (Cpasseper X APEEP)
Vo = 850 — 450 — (30 x 10) = 100 mL




PEP =5cm H,0 PEP =15 cm H,0

Clow PEEP — 30 ml/cm H,0 CREC = 100 ml / 10 cm H20
= 10 ml/em H,0

S wwuw.paris-ecostcs.com i



PEEP =5 cm H,0 PEEP =15 cm H,0

Clow PEEP — 30 ml/cm H,0 CREC = 100 ml / 10 cm H,0
= 10 ml/em H,0
Recrutment R Crec
Inflatlan - I ClOW PEEP

wwuw. pnrls -ecostcs.com



PEP =5cm H,0 PEP =15 cm H,0

Clow PEEP — 30 ml/cm H,0 CREC = 100 ml / 10 cm H20
= 10 ml/em H,0

R—OB
I_ )

S wwuw.paris-ecostcs.com i



Lung Volume above FRC (ml)

1000

800 -

700 4

400 -

300 -

200 4

100 -

—=— Patient at PEEP,,,,,
—=— Patient at PEEP,,,

- —— Blocked circuit at bench

AV
slope: G, = TFL.C- = 14 mbiemH,0

rac

™ AV = 143 ml

i
| AP, =10 cmH,0

slope:i= "baby lung” compliance

R

\

v 90’.4.'-“1..0"0‘.'“0.1

slope: circuit compliance

5 10 15 20 25 30
Elastic Alrway Pressure (cmH,O)
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400 -
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RESEARCH Open Access CORRESPONDENCE Open Access

o ® ; . ; , ®
Recruitability and effect of PEEP o Recruitment-to-inflation ratio measured G
in SARS-Cov-2-associated acute respiratory with modern intensive care unit ventilators:
distress syndrome How accurate is it?

Francois M. Beloncl:e"-:-. Bertrand Pavlquky', Christophe Desprez', Nicolas Fage', Pierre-Yves Olivier', "\AI"_”("" Cour' I‘:’ Charlotte Biscarrat'", Neven Stevic'?, Florian Degivry', Laurent Argaud'~ and
Plerre Asfar', lean-Christophe Richard'~ and Alain Mercat’ Ann. Intensive Care (2020) 10:55 Uaude Guenn Critical Care (2022) 26:85
Bench study:
Simulated R/ =0;0,5; 1
2 5 ventilators
C 10
&
0.5 4
\
wl - ' - /MNError;: -0,27 a+ 0,17
& & & &
Highly recruttable Poorly recruitable
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A4

R/1<0.2
T

No potential for lung
recruitment

<

« Low » PEEP

PEEP =8 cm H,0

R/l ratio

www.paris-ecostcs.com

o

R/1>0.2
<

Potential for lung
recruitment

<

« High » PEEP

PEEP = ?




What is High PEEP?

Increasing PEEP to the maximum without signs of overdistension

7 PEEP until
By default @ g

« Express » PEEP Stop earlier if signs of

distensi
Pplat =28 cm H,0 overdistension occur

S S S SSS
www.paris-ecostcs.com 2777



7 PaCO2

Stress index > 1

AP 215 cm H,0 Poor hemodynamic tolerance

Flow (L/s)

Stress index Stress index Stress index
<1 i >1

30 A

25 | .
P<0.001 T
) b4
20 L’ 10 -

. T ! s Intra-tidal - Over-distension
154 o T ," recruitment |
Tl '«k 1 PEEP 5 10 15

Paw (emH,0)
3

Multivariate Relative Risk
of Death in the Hospital

.y Geee s I%g‘ realiinsseaotsaeacin Total 50t
| o A . l'
L Ton o Paw = axtime® + ¢ ki | ] -
0.5 {(ml/em H,0) |
004? E s B : :
i T T T T T T 1 —_— |
5 10 15 20 25 30 35 =1 —— i
Medi = —
(lOtl':.—';(‘)’Jl percentile) — AP (cm of water) = ///"/’H Cords o
mg/kg of predicted -~ rdiac i
body weight 6.0 (59-7.5) Qutput 7 .
(L /min) 6- : ~
]
'
- e YT S ERR R
-6 -3 BEST  + 3 6
PEEP em H,0
5 10 15 Elastic pressure
Grasso S et al. Crit Care Med 2004
Amato M et al. N Engl J Med 2015 Henderson W.R. et al. Am J Respir Crit Care Med 2017 Suter PM et al. NEJM 1975
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Paradoxical response to continuous anterior chest compression?

Chest
compression

~ 60-8010m H,O

Paw

v
v

E Moncomble et al. Am J Respir Crit Care Med 2024
) G t/. Crit Care Med 2021
WIIIW-PQTES-QCOS!CS.COm = i,



Take home message

@ R/l ratio < 0.2 @ Low PEEP

P cosure. > R/l ratio g =8cmH,0

g | ﬁ R/l ratio > 0.2

% AOP<10cmH,O

>

g @ /7 PEEP

< . ‘ g N ,Pplat =28 cm H,0

t . without
AOP measurement  AOP > 10 cm H,0 High PEEP | ..c index > 1
Resp mecanics deterioration
7 PaCo,
Poor hemodynamic tolerance

—_—

www.paris-ecostes.com




PEEP =15 cm H,0

Or

3
3
N :
A 3. Record expired VTs
o 40
+ 4. Record Pplat
E 2 h y
g e {‘L
o 0 1. Reduce RR  2.Reduce PEEP by 10 cmH20
o) 40 -
IN I
§ 20 -
S —
; ~— PEEP =5 cm H,0
o 0
—~ 40
ON
a
£
XX
I
o

if 5<AOP <10 cm H,0

Vol (ml)

Time (s)
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