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Neural Control of Artificial Muscles
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Neurally Controlled Mechanical
Ventilation




NAVA: What are we doing and what

do we see?

tary coupling

Meurovaniilal

L:L' niral nern'ous
systam

¥

Pheenic narve

v

ﬂ':FIFZIl'IH-!']-ITI excitation

L

Diaphragm contrachaon

v

Chest wall and lung
BxpANSion

L

1, '.'.';L',l Pressung,
flow, and volume

M

technology

Sinderby & Beck, Neurally Adjusted Ventilatory Assist in
Principles and Practice of Mechanical Ventilation, Third Edition
Editor: Tobin MJ, McGraw-Hill Medical 2013



Spontaneous Breathing and the

Respiratory Centers
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Reflexes and Feedback to the

Respiratory Centers
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Phrenic Nerve Transmission
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Neuromuscular Transmission
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EMG of Skeletal Muscle
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Phrenic Nerve-EMG Relationship
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EMG-Muscle Activation Relationship
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EMG amplitude
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EMG-Force of the Diaphragm
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EAdi-Force of the Diaphragm
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How to Measure Diaphragm EMG In
Humans?




Measuring Diaphragm EMG = Edi
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Electrode Positioning

NEX

Calculate prediction

Insert to prediction

Positioning window (verification)
Secure and record final position



Validation of Electrode Positioning

Barwing J, Ambold M, Linden N, Quintel M, Moerer O. Evaluation of the
catheter positioning for neurally adjusted ventilatory assist. Intensive
Care Med. 2009 Oct;35(10):1809-14

Green ML, Walsh BK, Wolf GK, Arnold JH. Electrocardiographic guidance
for the placement of gastric feeding tubes: a pediatric case series. Respir
Care. 2011 Apr;56(4):467-71

Barwing J, Pedroni C, Quintel M, Moerer O. Influence of body position,
PEEP and intra-abdominal pressure on the catheter positioning for
neurally adjusted ventilatory assist. Intensive Care Med. 2011
Dec;37(12):2041-5.

Anita Duyndam, Bas SP Bol, Andre” Kroon, Dick Tibboel and Erwin Ista.
Neurally adjusted ventilatory assist: assessing the comfort and feasibility
of use in neonates and children. Nursing in Crit Care. In Press, Dec 2012



Edi waveform
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Edi in Infants and Adult
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Healthy

COPD

Post-polio
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*Reduced level of assist
sIncreased Respiratory Load
*\Weakness of Diaphragm
sIncreased CO2

Reduced sedation
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Influence of neurally adjusted ventilatory assist and positive
end-expiratory pressure on breathing pattern in rabbils
with acute lung injury®

Jean-Christophe Alle, MD; Jenniter G, Beck, PhD; Lukas Brander, MD; Fabrice Brunest, MD;
Arthur 5. Slutsky, MD; Christer A, Sindarhy. PAD

Crit Care Med 2006 Vol. 34, No. 12
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Pre ZEEP ZEEF Post ZEEP
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Elevated Edi ... In Preterms
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Neural timings (Nti, Nte, Nrr)

Adult Infant
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The Controversy of Neural Ti
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No Edi: Apnea with Sedation
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No Edi: Detecting Central Apnea
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Edi and Patient-ventilator Interaction
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Edi and Controlling Mechanical

Ventilation: NAVA
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Upper pressure limits
Backup ventilation
Hiccups



NAVA in the Adult
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NAVA in the preterm
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NAVA Encourages Spontaneous
Breathing
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NAVA improves synchrony (810 qg)
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NAVA is an Artificial Respiratory

Muscle
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Setting the NAVA Level

Match pressure to PSV or PC (“Preview window”) (n=8)
Titration (n=3)
Target Edi (e.g. target 60% of Edi observed during

spontaneous breathing trial) (n=1)
Match minute ventilation observed in PSV (n=1)

Target Vt (n=1)

Protocols!



Use of overlay window to adjust NAVA

level
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Titration Method

Physiological response to increasing levels of neurally adjusted ventilatory
assist (NAVA)

Frangois Lecomte™', Lukas Brander”, Fredrick Jalde®, Jennifer Beck®, Haibo Qui®, Caroline Elie’,
Arthur S. Slutsky ¢, Fabrice Brunet®-2, Christer Sinderbyd-2-*
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Titration Method
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Target Edi
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Conclusion

What are we doing?

Providing synchronized and proportional assist

Ventilator becomes a second respiratory muscle

What do we see?

The Edi is a physiological signal representative of central respiratory output

Edi is normally present in spontaneously breathing subject and the waveform hasa
characteristic cyclic/ phasic pattern with quantifiable measurements of amplitude and timing

The Edi is essentially a vital sign, just like the electrocardiogram

The Edi allows answers to the following questions:
Is my patient breathing?
Does my patient respond to intervention?
Is my patient synchronous with the ventilator?
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