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Air is forced in, either through dialing the applied pressure 
(pressure control) or the supplied volume (volume control).

Patients can vary between being deeply comatose to alert and 
interactive.

The ventilator can provide 
• a mandatory breath, 
• assist a patient who can initiate a breath,
• or a combination of the above.

Positive Pressure Ventilation - Fundamentals
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• Ventilator-induced lung injury (VILI)
• Volutrauma
• Atelectotrauma
• Biotrauma

• Ventilator-associated pneumonia (VAP)

• Ventilator-induced diaphragmatic dysfunction (VIDD)
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The Harms of Positive Pressure Ventilation- the Evil “V”s



• “a loss of diaphragmatic force-generating capacity that is 
specifically related to the use of mechanical ventilation.”

• Work in multiple animal models showed a significant 
reduction of diaphragmatic force-generating capacity that was 
proportional to duration of mechanical ventilation. 

Vassilakopoulos et al. Am J Respir Crit Care Med 2004
Haistma, Curr Opin Anesth 2011 

VIDD
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Ventilator-Induced Diaphragmatic Dysfunction
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Cited by 1142 to-date

VIDD
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“daily vacation from sedation”

Can VIDD be Prevented?
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VIDD

Could VIDD be Prevented by Pacing the Phrenic Nerves?
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The SFU Hoffer 
Lab Minimally 
Invasive Nerve 

Stimulation
(MINS) 

approach to 
diaphragm 

pacing
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IntraVenous Catheter with Stimulation Electrodes

Transvascular Nerve Stimulation Apparatus and Methods.  Hoffer, Joaquín Andrés.  
U.S. provisional patent filed January 29, 2007 (priority date);  
P.C.T. application No. WO2008/092246, published August 7, 2008.
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Stimulation Efficacy vs Location in Vein (Chronic Pig 1) 
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SFU MINS Team, April 2009
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Lungpacer Medical Inc.

• Simple to place

• Easy to use

• Temporary & easily removable

• Company founded in May, 2009

• Spun out from the SFU Neurokinesiology Lab

• Developing a proprietary electrical stimulation 
technology with the potential to: 

• Improve clinical outcomes for patients in the 
Intensive Care Unit (ICU) 

• Shorten the hospital stay, and 

• Significantly reduce healthcare costs
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Diaphragm Pacing Assists Ventilator

Chest Wall

Endotracheal 
Tube

POSITIVE
PRESSURE

Mechanical 
ventilators use 
positive pressure; 
cause lung injury
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http://bodysystems-rlj00.blogspot.ca/2012/07/respiratory-system.htmll
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Diaphragm Pacing Assists Ventilator

Chest Wall

Endotracheal 
Tube

POSITIVE
PRESSURE

NEGATIVE
PRESSURE

Mechanical 
ventilators use 
positive pressure; 
cause lung injury

Diaphragm pacing 
provides negative 
pressure to inflate 
lungs more normally
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Start Pacing

(Acute Pig #11  17 May 2011)

Left 
phrenic 
pacing

Right 
phrenic 
pacing

Airway 
pressure 
(cm H2O)

Airway flow 
(L/min)

Required 
tidal 
volume (L)

Peak Ventilator Pressure is reduced

Immediate Therapeutic Benefit During Pacing
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Therapist specifies desired diaphragm output
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Therapist specifies desired diaphragm contribution;
Control Unit monitors output and titrates pacing level
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Expected Therapeutic Benefits

1. Protect the diaphragm

2. Protect the lungs

3. Assist the heart (venous return 
is pumped by the diaphragm)

4. Reduce nosocomial infections, 
pneumonia

5. Accelerate weaning

6. Liberate patients from MV

7. Reduce mortality rates

8. Improve survivor’s quality of life
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Innovation Office        
2008, 2010

Prototype Development Funding

9 Grants and 11 Industry Awards received

Innovation and Achievement Award
www.youtube.com/watch?v=_XaE8XM5zpY

2010

2012 2013 2014
2015 2016 2017

2012
Most Promising Pre-Commercial Technology

2010-2016

Industry Contribution Programs

2010-2016

Industry Contribution Programs

2010-2016

Industry Contribution Programs

2008-9   Phase I 
2010-13 Phase II

Idea-to-Innovation Grants
2009
Emerging Technology Award 

2012 
Silver Award

San Diego
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Preclinical Proof of Concept Study 

Am. J. Respir. Crit. Care Med., Feb. 2017 
195(3):339-348. 

Preclinical Objectives

1. Pace phrenic nerves in synchrony with MV
2. Protect diaphragm from disuse atrophy
3. Preserve diaphragm endurance
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Preclinical study:
Pressure reduction

• Paced every 2nd ventilated breath

• Airway pressure was reduced 20-30%

• Tidal Volumes were unchanged

1. Neto, Lancet Respir Med; March 2016
2. Slutsky et al., N Engl J Med 2013;369:2126-36         
3. Fan et al. BMC Medicine 2013, 11:85

Test the ability to reduce positive pressure

Demonstrated the ability to reduce positive 

pressure while maintaining tidal volumes, which 

has been documented to reduce the risk of lung 

injury1,2,3
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Pre-Clinical Study: Ventilated vs. Paced Breaths

• The distal lungs were better ventilated during paced breaths

Video 
shows 7 
ventilated 
breaths:

1 Unpaced
2 Paced
3 Unpaced
4 Paced
5 Unpaced
6 Unpaced
7 Paced
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Preclinical study: Pacing reduces muscle atrophy

• 60 Hours of IMV 
caused >25% Atrophy 
of Diaphragm Muscle 
Fibers (p <0.05).

 Pacing reduced 
ventilator-induced 
muscle fiber 
atrophy. 
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Demonstrated the ability to reduce muscle atrophy, which has been 

documented to extend MV, ICU, weaning and hospital stay time1,2,3

1. Berger et al., Journal of Cachexia, Sarcopenia and Muscle; 2016
2. Slutsky et al., N Engl J Med 2013;369:2126-36         
3. Fan et al. BMC Medicine 2013, 11:85

Histological comparison
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Preclinical study: Respiratory muscle endurance

Kaplan-Meier representation of the proportions of the 6 Paced and 6 Control group pigs 
that were able to tolerate endurance testing for 8 minutes and their time characteristics.  

All MV + Paced pigs endured the 8-minute test. 50% of the MV Only pigs failed, 

due to low O2 saturation, high CO2 levels resulting from diaphragm fatigue.

Tolerance of endurance test
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MV Only (not Paced)

MV + PACED      
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First-in-Human Clinical Studies
Oct 2015 through April 2016

Patient Population: 24 anesthetized, intubated, adult patients on mechanical ventilation.

Study Objectives

1. Place LIVE Catheter, map nerve locations
2. Pace phrenic nerves in synchrony with IMV
3. Demonstrate that Pacing reduces airway pressure
4. Total procedure time < 2 hours

Diaphragm Activation in Ventilated Patients 
using a Novel Transvenous Phrenic Nerve 

Pacing Catheter. 
Reynolds S; Ebner A; Meffen T; Thakkar V; Gani 
M; Taylor K; Clark L; Meyyappan R; Sadarangani 

G; Sandoval R; Rohrs E; Hoffer JA. 
Critical Care Medicine, July 2017

45(7):e691-e694.
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Human safety assessment
Summary: First-in-Human studies, October 2015-April 2016
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Primary 

Endpoints

Successful LIVE Catheter Insertion and 
Placement 24/24

Absence of device- or procedure-related 
adverse events 24/24

Secondary 

Endpoints

Bilateral phrenic nerve stimulation 201,3/232

Diaphragm contraction in synchrony with 
IMV 22/222,3

Reduction of airway pressure 22/22

1 In two patients, only one phrenic nerve could be stimulated.
2 One patient was excluded from the procedure after LIVE Catheter insertion but prior to nerve 

stimulation, due to unstable blood pressure that was unrelated to the Lungpacer System.
3 In one patient, neither phrenic nerve could be stimulated.

Successful N/ Total N
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Fluoroscopy of Diaphragm Pacing
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First breath: mechanical ventilation only.

Second breath: mechanical ventilation PLUS phrenic pacing.



Human clinical data 
Pacing reduces pressure
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• Pacing reduced Peak Pressure by 25% for same tidal 
volumes

– MV Only = 21 cm H2O

– MV + PACING = 16 cm H2O

• Pressure reduction reduces lung injury and pulmonary 
complications1,2,3

1Slutsky AS, Ranieri VM. Ventilator-induced lung injury. N Engl J Med. 2013;269:2126-36. PubMed PMID: 24283226.
2Neto S, Let al., “Association between driving pressure and development of postoperative pulmonary complications in patients 
undergoing mechanical ventilation for general anesthesia”, Lancet Respir Med (March 2016).
3 Grasso F et al. Negative-Pressure Ventilation: Better Oxygenation and Less Lung Injury. Am J Respir Crit Care Med (2008) 177:412–418. 
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Protect ICU Patients 
needing IMV > 96 hrs

2) “Protection” Mitigate diaphragm muscle 
atrophy and lung injury in adult critical care 
patients with Acute Respiratory Failure who 
are expected to require IMV for at least 96 
hours and are at high risk of failing to wean.

Rescue failed-to-wean          
IMV patients 1)“Rescue” Restore diaphragm strength 

and endurance by pacing supported exercise 
in patients who failed to wean in at least two 
Spontaneous Breathing Trials (SBTs).

In May, 2016, the FDA granted Lungpacer the Expedited 
Access Pathway (EAP) designation for this indication. 
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Clinical strategy
Initial Focus: 1) Rescue Failed-to-Wean, and then 2) Protection from likely Failure
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First Issued US Patent - 2013

Granted / 
Allowed

In Process

USA 13 3

Canada - 6
Europe 11 4

Japan 1 4

Hong Kong 1 -

China - 4

Brazil - 2

India - 1

Australia - 4
TOTALS 26 28

Lungpacer technology
Intellectual property status

IP Filed in All Key Markets
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Patentes Otorgadas en 2019-2020
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Lungpacer Clinical Trials:  Current Status
https://clinicaltrials.gov/ct2/results?cond=&term=lungpacer&cntry1=&state1=&recrs=
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Lungpacer Clinical Trials:  Current Status
https://clinicaltrials.gov/ct2/results?cond=&term=lungpacer&cntry1=&state1=&recrs=
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Lungpacer Clinical Trials:  Current Status
https://clinicaltrials.gov/ct2/results?cond=&term=lungpacer&cntry1=&state1=&recrs=
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Lungpacer Clinical Trials:  Current Status
https://clinicaltrials.gov/ct2/results?cond=&term=lungpacer&cntry1=&state1=&recrs=
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www.lungpacer.com
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