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Straight lines, periodic pattern, is 

seldom found in biological and 

physiological systems.  Rather 

variability is weighty. 



Phrenic Nerve 
Golden Standard to measure ”Neural respiratory drive”





Quantification of phrenic nerve activity (PNA). 

Hakan S. Orer et al. J Appl Physiol 2006;101:521-530 Sinderby Unpublished observations



Trans-esophageal measurements

of Diaphragm EMG (EMGdi)

later 

Diaphragm Electrical Activity (EAdi)

PETIT JM, MILIC-EMILI G, DELHEZ L.

New technic for the study of functions of the 

diaphragmatic muscle by means of electromyography 

in man.

Boll Soc Ital Biol Sper. 1959 Dec 31;35:2013-4.



Valid EAdi method using electrode array
Standardization document by the ATS and ERS

In: ATS/ERS Statement on Respiratory Muscle Testing. Aldrich, 

T., Sinderby, C., McKenzie, D, Estenne, M., and Gandevia, 

S. Am. J. Respir. Crit. Care Med. 166: 518-624, 2002

Sinderby & Beck, Neurally Adjusted Ventilatory Assist in 

Principles and Practice of Mechanical Ventilation, Third Edition 

Editor: Tobin  MJ, McGraw-Hill Medical 2013



Measure 

Neural Respiratory Drive

“EAdi Amplitude”

Temporo-spatial summation of motor unit action potentials  

“firing rate and recruitment”



What Affects Neural Drive

Sinderby & Beck, Neurally Adjusted Ventilatory Assist in Principles and Practice of Mechanical Ventilation, 

Third Edition Editor: Tobin  MJ, McGraw-Hill Medical 2013



Effect of age

Sinderby & Beck, Neurally Adjusted Ventilatory Assist in Principles and Practice of Mechanical Ventilation, 

Third Edition Editor: Tobin  MJ, McGraw-Hill Medical 2013



Type 1 Apnea



Sinderby & Beck, Neurally Adjusted Ventilatory Assist in 

Principles and Practice of Mechanical Ventilation, Third Edition

Editor: Tobin  MJ, McGraw-Hill Medical 2013

EAdi in the Adult: Health and Disease



12 ARF

Assisted breaths

Non-Assisted breaths

Unloading, HB reflex,Uncoupling, PVBC



Sedation 

Monitor!



Monitoring Patient-Ventilator 

Interaction





Is a fixed level of assist enough?
Same patient 40 minutes apart 

St-Michael’s Hospital, Campoccia et al, 2006



Keep the diaphragm going? 

Or at least monitor if it is!

Courtesy of Dr E Goligher



We are getting closer to 

count respiratory rate 

accurately!



Weaning readiness



Monitoring day-to-day

Spahija et al, Sacre Coeur Hospital, Montreal



SBT



Normal Edi values



“Normal” EAdi peak values 
Intubated, Non-Invasive, No assist 



Frequency domain



EAdi Time vs Frequency Domain



EAdi power spectrum show fatigue

Effect of pressure and timing of contraction on human diaphragm fatigue. Bellemare F, Grassino A. J 

Appl Physiol Respir Environ Exerc Physiol. 1982 Nov;53(5):1190-5.





If I had another hour

• Neural Respiratory Monitoring 

– Neuromuscular disorders

– Cheyne Stoke

– Delirium

– Uncontrolled drive

– Speaking, swallowing, vomiting…



Questions?

www.VentQuest.ca





Bedside measurements of 

”neural respiratory drive”



Respiratory pattern



100 ms Occlusion Pressure (P0.1)



100 ms Occlusion Pressure (P0.1)

Weakness!!!

Beck et al J Appl Physiol 85, 1123-1134, 1998 Courtesy Dr E Goligher

Dynamic hyperinflation Weakness



Esophageal &

Transdiahragmatic

Pressures

• Is Neural Drive linked to Pes and Pdi?



Weakness!!!

Beck et al J Appl Physiol 85, 1123-1134, 1998 Courtesy Dr E Goligher

Dynamic hyperinflation Weakness



Sinderby & Beck, Neurally Adjusted Ventilatory Assist in Principles and Practice of 

Mechanical Ventilation, Third Edition Editor: Tobin  MJ, McGraw-Hill Medical 2013

Esophageal & Transdiaphragmatic Pressures

Proportional assist abolish Pes and Pdi but not Edi!



Surface EMG 



Surface EMG

”Not for everyone”

Cross-talk

Inspiratory/Expiratory/Postural muscles

Electrode-to-muscle 

distance filtering



Needle EMG of the diaphragm

• Relatively standardized

• Specific to few motor units 

• Not for long term monitoring of 

neural respiratory drive 

In: ATS/ERS Statement on Respiratory Muscle Testing. Aldrich, T., Sinderby, C., McKenzie, D, 

Estenne, M., and Gandevia, S. Am. J. Respir. Crit. Care Med. 166: 518-624, 2002


