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Mechanical Ventilation-induced Diaphragm Atrophy Strongly Impacts
Clinical Outcomes
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Objectifs
Ventilation Mécanique :

Echanges gazeux

Vital
(Pa02, PCO2, PH)

=» Meécanique Respiratoire

Protection Poumon
(stress, strain = VILI)

A 4

-> Diaphragme

Protection Diaphragme
(Myotrauma =» Dysfonction Diaphragmatique)

\ 4




Effort Inspiratoire inadapté :

= Insufffisant, absent

Monitorage + Gestion
=> Excessif «
Effort inspiratoire

= Asynchronie (ventilateur)




Problematique du Myotrauma...

1 Facteurs de risque ?
2 Monitorage de l'effort inspiratoire ?

3 Gestion Effort inspiratoire inadapté ?



Facteurs physiopathologiques a I'origine du Myotrauma ?



Diaphragm Dysfunction on Admission to the
Insuffisance respiratoire Intensive Care Unit

aigue Prevalence, Risk Factors, and Prognostic Impact—A Prospective Study
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from 1st December 2008 to 1st July 2009
two independent intensive care units 100
723 admissions
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Patterns of diaphragm function

in critically ill patients receiving prolonged
mechanical ventilation: a prospective
longitudinal study

il . . .3 . & e . L
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Rapid Disuse Atrophy of Diaphragm Fibers in Mechanically

Ventilated Humans
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Rapidly Progressive Diaphragmatic Weakness and Injury
during Mechanical Ventilation in Humans
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Evolution of plaphragm Thickness during Mechanical Ventilation Support ventilatoire
Impact of Inspiratory Effort S
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WHAT'’S NEW IN INTENSIVE CARE

Is my patient’s respiratory drive (too)
high?

Irene Telias'+*#, Laurent Brochard'?" and Ewan C. Goligher'
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Diaphragm Weakness in the Critically Ill

Basic Mechanisms Reveal Therapeutic Opportunities

Basil 1. Petrof, MD

z CHEST

SARCOLEMMAL MEMBRANE

Calciumions .« *,

-----

SARCOMERE

» Sarcomere disruption

» Abnormal calcium
leakage from
sarcoplasmic reticulum
release channel

Diaphragm weakness

1) Impairment of muscle quality 2) Decreased muscle quantity
* Defective contractile mechanisms * Altered protein balance

l Synthesis

+ Thick and thin .
filament protein SARCOPLASMIC l Degradation
dysfunction RETICULUM

ATROPHY




Niveau de sédation

ventilatory assistance Niveau de e insufficient ventilator assistance

E . . .
abolishes or reduces inspiratory xcessive diaphragm loading

acute muscle inflammation and injury
disuse atrophy (sepsis and systemic inflammation)

. | .
Overassistance Myotrauma | Underassistance Myotrauma

Low Respiratory Muscle Effort High Respiratory Muscle Effort
inspiratory
myotrauma

Diaphragm Atrophy and Injury

(“myotrauma”)



Eccentric Contractions of the Diaphragm During Mechanical Ventilation

Patricio Garcia-Valdés, Tiziana Fernandez, Yorschua Jalil, Luis Penailillo, and L Felipe Damiani

Diaphragm eccentric
contraction

contracts during expiratory phase
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American Journal

of Respiratory and

Positive End-Expiratory Pressure Ventilation Induces Longitudinal
Atrophy in Diaphragm Fibers

Johan Lindqvist™, Marloes van den Berg®*, Robbert van der Pijl’?, Pleuni E. Hooijman?, Albertus Beishuizen®,
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Monitorage de |'effort inspiratoire ?



Monitorage de |'effort inspiratoire

= ¥~ Waveform
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Without Esophageal Pressure

Simples, disponibles




Effort Inspiratoire

With Esophageal Pressure

mindray |

Esophageal
pr‘éSSurt

Intragasthic
prégrslif‘e \

Flow e 30
(L/min) h
/_f\\/_, PTP
-40- +-':+- ‘."‘.
Paw 3 ; A

- Pmus

(cmH,0) 20\’—/,_/"‘

PeS 301 PTP
(cmH,0) 20-

APes: —3 a —8cmH20

et APdi: >3 3 <12 cmH20

Pdi Pmus: 25 et <15 cmH20

(cmH,0) 30-
M\/LEEL\A_,*
20

PTP/min: 50 et 200 cmH20*s/min




Without Esophageal Pressure

Détecter

= absent

Absence de déclenchement (seuil bas)

= Insufffisant

Déclenchement (seuil bas)

= Excessif

Asynchronie débit

Pressure Muscle Index (PMI)

Pause INSPIRATOIRE




Detecter

Asynchronie débit




pressure muscle index (PMl) Pause INSPIRATOIRE

Inspiratory
hold

Flow ¢o

(L/min) |
-ZD:.--""'— V
_40_

: n Pression motrice globale
Pression de controle

Paw 0

(cmH,0) 20 JJV! 1 }pmi

10+

PMI =» différence entre Pplat et la pression maximale
=>» contribution des muscles respiratoires a la pression de distension globale statique.



La pression d'occlusion des voies respiratoires (P0,1)

Paw -

(cmH,0) 20 >
, l 0.1
104 k

PO,1 <1,0 cmH20 =» prédit PTP <50 cmH20*sec/min

PO,1 > 4,0 cmH20 =» prédit PTP >200 cmH20*sec/min




Pause EXPIRATOIRE WHOLE BREATH OCCLUSION

Airway pressure swing (APocc) > " Respiratory Effort

Predicted P_ . =-3/4 x Pocc » (APocc 8-20 cmH20)

Paw 3° v

(cmH,0) 204
» Predicted Pmus 5—-15 cmH20

10

Pes 3%
(cmH,0) 204

104

=  Non-invasive

" Easily measured at the bedside

= Can predict respiratory muscle effort (Pmus) and
transpulmonary pressure swing (APL,dyn)




Diaphragm inspiratory thickening Diaphragmatic Effort
fraction (TFdi) (tidal TFdi)

ULTRASOUND TFdi 15-30%

= Non-invasive assessment of diaphragmatic contractility




racteurs pnysiopathologiques a l'origine ¢
A A

/

Monitorage de I'effort inspiratoire ?

Gestion Effort inspiratoire inadapté ?

= Insuffisant, absent
= Excessif
= Asynchronie (ventilateur)

U IViyotrauma ¢

=» Protection poumon (VILI)

Vt : 4-6 ml/PBW

Plateau Pressure < 30 cmH20

Paw (cmH,0)
_IA - N W
OO O0O
A1 111

APaw <15 cmH20

(APL)< 15 cmH20

APL,dyn<15-20 cmH20

Time (sec)



Gestion Effort inspiratoire inadapté ? = Insufifisant, absent

=>» Protection Diaphragme (Myotrauma)

=>» Lever précoce de la sédation
=>» Baisse seuil de sensibilité trigger inspiratoire
=>» Modes Assistés : baisser le degré de I'assistance

PO,]. >1cmH20 TEdi > 15 %

PO.l




Gestion Effort inspiratoire inadapté ?

=>» Protection Diaphragme (Myotrauma)+++

PO,1 <4cmH20

PO.l

=» Titration sédation
=» Titration du degré de l'assistance

TFdi < 30%

= Excessif

APocc 8-20 cmH20

Predicted Pmus 5-10 cmH20




=>» Titration sédation
=>» Titration du degré de l'assistance

> | Ventilation Pression Controlé ++++

Variations de l'effort Inspiratoire

> Variations Débit inspiratoire




Sédation sans monitorage de l'effort inspiratoire

Effort excessif
Aucun effort

acute muscle inflammation and injury disuse atrophy
(sepsis and systemic inflammation)

Underassistance Myotrauma > Overassistance Myotrauma

High Respiratory Muscle Effort Low Respiratory Muscle Effort




Sédation ciblée sur I'effort inspiratoire

A Alarmes

Al P @Eﬁ 3 A NVMe trop haute

Gel activé. Appuyer sur touche Figer pour libérer.

Courbes Spirométrie Valeurs Grand chiffre
0.t Aspiration
Paw cmH20 Limite haute Paw i Pcréte
cmH20 cmH20

“kﬁk—“k_ﬁ%%\ﬁﬁ/\/\/‘\ﬂ\—‘ PEP
VAR AVARA VAR VAR

r< Nébuliseur

Outils

13

1 3 ] 7
Volume  mi Fi02 Ri
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58
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PO.1
cmH20

» Predicted Pmus 5-10 cmH20 (APocc 8-20 cmH20) -16.4

APocc =18 - ( -15.6) = 23.6 cmH20

Predicted P, =-3/4 xPocC | ERNHat RV LRI VY




» Predicted Pmus 5-10 cmH20 (APocc 8-20 cmH20)

Limite haute Paw

Titration

‘ I-l P01

- \J/
. cmH20

APocc =13.5-(-3.5)=17 cmH20

Predicted P_ . = -3/4 x Pocc

Predicted Pmus=3/4 . 17 = 12.75

. sédation

1.8




» Predicted Pmus 5-10 cmH20 (APocc 8-20 cmH20)

Titration : sédation

P01

APocc =13. 3 -(+3.7)=9.6 cmH20

Predicted Pmus=3/4 . 9.6= 7.2

Predicted P_ . = -3/4 x Pocc




Gestion Effort inspiratoire inadapté ? = Asynchronie (ventilateur)

=» Protection Diaphragme (Myotrauma)

=» Reverse Triggering
=» Premature Cycling

=» Efforts inefficaces



CEVEE NI =" Double Triggering

P-A/C .
O3]

Grand chiffre
0.t Aspiration

Pplat

Valeurs

Courbes Spirométrie
Pcréte

Paw cmH20 Limite haute Paw
cmH20 cmH20
[‘O 1 5 ' - .
1w Nébuliseur

— D

Outils

Maintien exp.

Ri
cmH20/1/s -
72 6 Maintien insp.

6 4 o Verrouillage

Veille




= Effort Excessif JET BN ed[[il-88== Double Triggering

> — AN Alarmes
W 7ox Gel activé. Appuyer sur touche Figer pour libérer. )

Spiromeétrie Valeurs Grand chiffre

0.1 Aspiration

™r< Nébuliseur

Pcréte
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PEPi
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vol.% S Insufflation
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Vie/PCl
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s Efforts inefficaces
Courbes Spirométrie N

Paw tmH20 Limite haute Paw
40

25.0

-20

Volume

@

Pcréte Pplat
cmH20 cmH20
40

23 =y,

10

Fi02 Ri

vol.% cmH20/l/s
72 5

65

58




Efforts inefficaces

=> Lever la sédation
Absence d’Auto-PEP =» Baisse seuil de sensibilité trigger inspiratoire

Débit Expiratoire Nul

=» Dysfonction musculaire

Pression ALVEOLAIRE = Pression VOIES AERIENNES

Monitorage effort inspiratoire



Présence D’auto-PEP Efforts inefficaces

Pression ALVEOLAIRE >>> Pression VOIES AERIENNES

WATERFFALL EFFECT ?

Débit Expiratoire Non Nul

PEP Absorber?’

PEEP totale = PEEPi + ZEEP

Pause expiratoire




Augmenter le temps expiratoire =» n’améliore pas '’AutoPEP

Théorie De La Cascade

Upstream river

l ( Waterfall )
= Airway compression
: +— ' Waterfall V
I E
I
I Downstream river 0
P T
P, =15 I l ‘1' |
: T Paly T Pair L
I Ppl A
I Par=5 T
R

PEEP =5




av

15

air

12

]JO—i)r‘—-—iZFﬂ(‘

PEEP =10

Augmenter le temps expiratoire
=>» n‘améliore pas 'AutoPEP

PEEP =
approximately 75% of
the measured autoPEEP

=>» Amélioration gradient pression motrice
=>» Amélioration débit expiratoire

=» Baisse pression alvéolaire
=>» Baisse PEEPi
=» Baisse PEEP Totale

P8N=15

—12m<‘

F)air =5

|IIJO-—!>

Upstream river

l

«—Waterfall

Downstream rive

PEEFP =5




“PEEP ADsorber” Behavior

|la PEEP totale a augmenté d'une quantité inférieure a la PEEP appliquée lorsque celle-ci était inférieure a I'auto-PEEP
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PEPi = PEPTotale (9.3) - PEP (7) = 2.3

PEPi = PEPTotale (7.3) - PEP (2) = 5.3




INEFFECTIVE TRIGGERING AutoPEP =10 :g -
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la PEEP totale a augmenté d'une quantité

équivalente a la PEEP appliquée
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Lung- and Diaphragm-Protective Ventilation

Ewan C. Goligher'z'a, Martin Dres**, Bhakti K. Patel®, Sarina K. Sahetya?, Jeremy R. Beitler®, Irene Telias'?*®,
Takeshi Yoshida'®, Katerina Vaporidi'', Domenico Luca Grieco'®>'®, Tom Schepens'#, Giacomo Grasselli'®'5,
Savino Spadaro'”, Jose Dianti'?'8, Marcelo Amato'®, Giacomo Bellani®®, Alexandre Demoule*®, Eddy Fan'2321,
Niall D. Ferguson'?#32122  Dimitrios Georgopoulos'”, Claude Guérin®®, Robinder G. Khemani®***, Franco Laghi®®*?,
Alain Mercat®®, Francesco Mojoli?®, Coen A. C. Ottenheijm>°, Samir Jaber®', Leo Heunks®?*, Jordi Mancebo®*,
Tommaso Mauri'®'?, Antonio Pesenti'® ', and Laurent Brochard"®*; for the Pleural Pressure Working Group, Acute

Respiratory Failure Section of the European Society of Intensive Care Medicine

Excessive sedation

Breath-stacking dyssynchrorny

Excessive venlilator assistance

Insufficiant respiratory effort and drive

\ v
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Baby lung siress Disuse e
and strain atrophy v

Daracruitment

Longitudinal atrophy (sarcomers dropout)
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myotrauma” < "Expiratory

+
- F A
< myotrauma’

" ¥ '

F gy o Eccentric load-induced
Diaphragm dysfunction = S Giaghrag injury
A myatrauma” A

Expiratory braking
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Biskoical
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Rewverse triggering
Pramature cycling
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and systemic |
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e myotrauma’

Insufficient PEEP in
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Atelactatic lung Load-inducad
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Insufficient PEEF  SE8

L L
Excessiva respiratory effort and drive J s

Configence in cinical significance of mechanism basad on
totality of avaliable experimental and clinical evidence
B Tentative «<—— High

Insufficient ventilator assistance

Table 3. Potential Therapeutic Targets for Diaphragm Protection

Goal

Prevent overassistance myotrauma

Prevent underassistance myotrauma

Prevent eccentric myotrauma

L faisabilité ?

Potential Therapeutic Target*

Any 1 of:

Pmus =3 to 5 cm HxO

APdi=3to 5 cm H:O

APes= -3 to —2 cm H:0O

Pp1=1to 1.5 em H0

TFdi = 15%

EAdi =target value selected on the basis of
Poce-EAdi index and above targets

Any 1 of:

Pmus =10 to 15 em H:0

APdi=10 to 15 em H20

APes=-12to -8B ecm H,0O

Pocc = —-20to —15 cm H,O

Ppi1<35to 5 cmH,O

TFdi = 30% to 40%

EAdi = limit value selected on the basis of
Pocc-EAdi index and above targets

Avoid ineffective triggering and reverse triggering

Avoid premature cycling

Minimize expiratory braking

L Moyens : Pharmacologiques, ventilatoires..?

O Impact Outcome :

> Mortalité ?

> Durée ventilation ?

» Sevrage ?



Lung- and Diaphragm-Protective Ventilation
by Titrating Inspiratory Support to Diaphragm
Effort: A Randomized Clinical Trial

Heder J. de Vries, MD'?
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Jan Willem. Duitman, PhD?*
Armand R. J. Girbes, MD, PhD'
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Peter M. van de Ven, PhD?
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Support titration protocol

1 hour

Y Y

Measure Pdi in all
breaths during 2 min

2 min | l | 1 hour

2 min

o
x
o
<

Pdi<3 Pdi> 12 Pdi 3-12
cmH,0 cmH,0 cmH,0
Reduce support Increase support . .
by 2 cmH,0 by 2 cmH,0 No adjustment
Meets safety criteria? Meets safety criteria?
|| ¢ Vt>4mikg « Vi <10 mitkg
Yes * RR < 40/min . Yes
.« pH>725 Pplat < 30 cmH,0

No No
Revert last
adjustment

Tidal volume (mi/kg)
=]

Transpulmonary pressure (cmH,0)

o

Fractions of breaths within diaphragm-protective range
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The influence of drugs used for sedation during mechanical

ventilation on respiratory pattern during unassisted breathing
and assisted mechanical ventilation: a phvsioloaical svstematic

review and meta-analysis Tidal volume
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Mechanical venfilation
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Partial Neuromuscular Blockade during Partial Ventilatory Support in
Sedated Patients with High Tidal Volumes
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Strategies for Tung- =
and diaphragm-protective ventilation in acute
hypoxemic respiratory failure: a physiological
trial

Jose Dianti'?, Samira Fard®, Jenna Wong?, Timothy C. Y. Chan®, Lorenzo Del Sorbo'?, Eddy Fan'?,
Marcelo B. Passos Amato®, John Granton', Lisa Burry®’, W. Darlene Reid'#, Binghao Zhang?,

B. Lung- and Diaphragm-Protective
(LDP) Targets

Optimize respiratory effort
{APes 3-8 omi H0)

k.
Ensure sate long-distending
ErELLLIne
{APy 4 515 om H, )

. . 0 { { . 2 2 3
Damian Ratano', Shaf Keshavjee®, Arthur S. Slutsky"'®, Laurent J. Brochard"'®, Niall D. Ferguson'#'"121% and
Fwan C. Goligher!"1#* L1
Ensurg adeqguate ventilation
[pH =7.25)
A. Not on VV ECMO (n= 14) B. On VV ECMO (n= 16)
Absent respiratory effort Respiratory effort and/or Respiratory effort and/or ministan
A. Study procedure . (Pocc = 0 em H20) lung-distending pressure too high lung-distending pressure on target PNMBA not audministerad
1.00
Once passive . Apply algorithm to -
ventilation is no Apply titrate inspiratory I
lonaer <« lower pressure and sedation Apply partial € o
‘d ¢ PEEP to achieve LDP targets neuromuscular =
mandatory . Apply high blockade g_
Enrolment progressively sweep gas flow (# respiratory 5
following reduce sedation ’ Randomization x (only patients efort still c 0.50
intubation and respiratory o on VW-ECMO) excessive after 8
rate as needed Apply Apply algorithm to increasing E
to initiate . 5 o025
higher titrate inspiratory sedation) =
spontanecus o
PEEP pressure and sedation
breathing
to achieve LDP targets 0.00
. . At enrolment After After At enrolment After After After After
LDP titration addition of initiating  LDP titration increasing  addition of
Phase 1: Achieve spontaneous breathing Phase 2: Optimize spontaneous breathing to achieve LDP targets at both partal spontaneous at both Sweep partial
higher and NMBA® breathing  higher and gas flow NMBA
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Diaphragm Neurostimulation Assisted Ventilation in Critically Il
Patients

Harry Etienne'?, Idunn S. Morris . Greet Hermans’*®, Leo Heunks®, Ewan C. Goligher®**'°, Samir Jaber'",
Capucine Morelot-Panzini''?, Jalal Assouad'?, Jésus Gonzalez-Bermejo''?, Laurent Papazian'®,
Thomas Similowski''®, Alexandre Demoule''®, and Martin Dres''®

Positive Pressure / \ Diaphragm Neurostimulation
Ventilation Assisted Ventilation

Established benefits : | Plausible benefits

*  Improvement of Gas exchanges ‘ - *  Better lung volume distribution

Maintaining alveoli opened . N * Limiting ventilator generating pressure

«  Reduction of work of breathing = «  Allevioting diaphragm atrophy/dysfunction

Ventilator induced lung injury e ‘ Pendelluft and lung injury
Ventilator induced diaphragm injury | R A D Diophragm injury
Ventilator associated brain injury ; ' | 'I Patient-ventilator asynchrony

Exacerbated lung-heart interactions




l Ventilation Mécanique : ‘

% Objectifs Thérapeutiques \

1 Amélioration Amélioration
Echanges gazeux & Mécanique Respiratoire
/W - . N
2 Protection Poumon g E{Fﬂe@[ﬁt ﬂ@g[@ﬂﬁ:@&@ﬂﬁ@ :> Asynchronies
VILI H Patient-respirateur
‘ /’ inadapté \ ?
Protection Diaphragme Q Sevrage

3 (DD) A\
S[p)ﬁﬂlr@: Monitorage + @@sﬂD




Insuffisance Respiratoire

Aigue

Titration

Sédation:
Narcotiques, curares

Métabolique :
Sepsis, dénutrition, hypoxie,
hypercapnie, acidose,
phosphore...

Myotrauma =2 Dysfonction Diaphragmatique

Titration

Support ventilatoire

l
Synchronisation

Titration

PEEP

Ventilation mécanique:




Vital
(Pa02, PCO2, PH)

Protection Poumon
(stress, strain = VILI)

Objectifs

Ventilation

Mécanique

Protection Diaphragme
(Myotrauma =» Dysfonction
Diaphragmatique)
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