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About me
• Registered Respiratory Therapist for over 16 years

• Background of working with all age groups

• Graduate from Bachelor’s of Health Sciences from 
University of Missouri

• Obtained Certified ECMO Specialist – Adult 
Credential from International Board of Blood 
Management

• Current role of ECMO Program Coordinator for 
University of Missouri Health Care





Specific Aims of Project

1. Utilizing EIT to manage ventilation and oxygenation of ECMO pts 
by optimizing PEEP (peak end expiratory pressure) 

2. Utilizing EIT to:

a) Monitor ventilation distribution pre and post bronchoscopy 
and document change and/or improvement

b) Monitor ventilation distribution to determine necessity of 
recurrent bronchoscopies or other procedures/intervention



Background

• Electrical impedance tomography (EIT) is a 

bedside, noninvasive, radiation-free 

technology, that can help determine optimal 

peak end expiratory pressure (PEEP) through 

real-time dynamic lung mechanics analyses, 

to improve oxygenation and ventilation, while 

reducing hyperdistention and collapse. 

• This technology can be useful in the 

management of patients with acute 

respiratory distress syndrome (ARDS) who are 

difficult to ventilate and oxygenate. 



Background and significance
• Venous-venous extracorporeal membrane oxygenation (VV ECMO) can be used to 

limit ventilator-induced lung injury (VILI) in patients with reversible, refractory 
hypoxia to conventional treatment.  

• VV ECMO limits VILI by allowing for ventilator changes to tidal volume and PEEP with 
resultant decreased peak airway pressures, driving pressures, whilst facilitating 
oxygenation and ventilation. The optimal ventilator settings to apply whilst patients 
are on ECMO remain not well defined. 

• Optimal PEEP can be defined as PEEP that:

• Provides appropriate gas-exchange

• Keeps the lungs open (prevents phasic airway collapse)

• Avoids alveolar over-distension

• Does not compromise hemodynamics



Background and significance

• Patients with ARDS (acute respiratory distress syndrome) 
receiving MV (mechanical ventilation) are at risk of developing 
VILI (ventilator induced lung injury). 

• These insults include, but are not limited to: 
• Damage from high volume (volutrauma-lung stress)

• Injury from high pressures (barotrauma-lung strain)

• Atelectrauma from repeated opening and closing of the alveoli due to 
low lung volumes

• Biotrauma, a particularly harmful form of lung injury due to the body's 
response to tissue damage that may result in other organ failure.



Background and significance

• Our institution follows the ELSO guidelines for MV settings that 
recommend inspiratory plateau pressure < 25 cmH20, PEEP ≥ 10 
cmh20, RR 4-15 bpm or spontaneous breathing and FiO2 goals ≤ 
40%. 

• Caio et al. demonstrated in a prospective study of patients 
intubated for ARDS related to COVID-19, that there was a 
change in compliance in 59% of patients when changing from 
supine to prone position. In almost half of those patients PEEP 
had to be changed by 4cmH20 to achieve best compliance. 



Methods and patient selection
EIT was used to measure and adjust PEEP based on lung compliance and 
distribution of ventilation with patients in various positions. Ventilator 
settings and ECMO parameters were adjusted to minimize lung injury and 
improve oxygenation. 

• Patient A: Influenza, MSSA pneumonia, Aspergillosis resulting in 
ARDS
• 10 days MV, 45 days on ECMO, 84 days total in hospital until discharge home for 

OPR, trach removed before discharge

• Patient B: Influenza resulting in ARDS and Acute Renal Failure
• 6 days MV, 12 days ECMO, 38 days total in hospital until discharge home for OPR, 

trach removed before discharge

• Patient also had notable larger body habitus



Procedure of PEEP Titration

• The Enlight 2100 device made by Timpel Medical 

was the EIT machine used in this case report. The 

device has belts with 32 electrodes that applied 

on the patient’s chest. 

• PEEP was set at 15-22cmH20, decay threshold of 

2 cmH2O, and countdown time of 30 seconds. 

• After each successful measurement, the PEEP was 

titrated on the ventilator by 2cmH2O, the EIT would 

record the decrease in PEEP and then begin the 30 

second countdown. 











Procedure of PEEP Titration

Patient A:

• EIT belts were applied, and measurements 
were taken during weaning on days 8, 9, and 
10 on ECMO

• We did use EIT prior to being placed on 
ECMO but we are going to focus on our 
PEEP titration for days 8-10 

• The belts were used at this time and not 
earlier in the ECMO run as the patient was 
unstable in the first several days.

• At days 8-10, the patient was still being 
weaned from medical paralytic, but our team 
was unable to fully do so due to the patient 
becoming too agitated and having periods of 
desaturation.

Patient B:

• EIT belts were used prior to being placed on 

ECMO and then on ECMO days 0-2 (3 days) to 

titrate PEEP as well as track changes post 

bronchoscopy and further titrate for optimal 

PEEP 



Chest Xrays prior to ECMO
Patient A, prior to ECMO Patient B, prior to ECMO



Patient activity

• EIT measurements indicated 'best' 
PEEP varied with different patient 
positions. 

• PEEP derived by EIT was set on 
8cmH2O in the supine position and 
set on 12cmH2O when right-side 
was up. 

• Adjusting PEEP based on EIT data 
minimized hyperdistention and 
collapse and improved oxygenation 
with a reduction in the fractional 
delivered oxygen (FdO2) on the 
ECMO circuit (75% to 50%), while 
maintaining oxygen saturation > 
94%. 

• EIT was placed prior to ECMO to optimize PEEP; 
patient condition continued to worsen, ECMO was 
initiated. 

• Post-ECMO cannulation, EIT was used to adjust PEEP 
and track ventilation distribution changes. Special 
attention was given to pinpoint areas of decreased 
ventilation distribution, using EIT distribution change 
mapping. 

• Post bronchoscopy, the patient demonstrated 
immediate improvements: 

• PEEP reduced from 18cmH2O to 16 cmH2O

• Increased lung compliance: 12 to 20 ml/cmH2O

• Subsequent improvement in tidal volume: 136 ml to 
237 ml

• Resolving respiratory acidosis demonstrated by 
decreased PaCO2: 53.5 to 48 mmHg

• Improved oxygenation: PaO2 72.9 to 105 mmHg 
with patient able to be successfully weaned off 
inhaled nitric oxide 6 hours post-bronchoscopy.

Patient A: Flu, MSSA, Aspergillosis (ARDS) Patient B: Flu (ARDS/ARF)



Patient A: 
PEEP titration, individualized PEEP with rotation from Right to Supine
 (Left positioning PEEP at same setting for supine)



Patient A: 
PEEP titration, individualized PEEP with rotation from Right to Supine
 (Left positioning at same setting for supine)



Patient B: 
PEEP titration over 
series of days Morning of being placed on ECMO

Selected for PEEP of 18 per graphics



Patient B: 
PEEP titration over 
series of days

Approximately 2.5 hours after being placed on ECMO

PEEP selected for 18cwp and vent set as such



Patient B: 
PEEP titration over 
series of days Approximately 16 hours after being placed on ECMO

No change to PEEP with EIT or vent; remained at 18 cwp



Patient B: 
PEEP titration over 
series of days

Approximately 24 hours after being placed on ECMO

No change to PEEP with EIT or vent; remained at 18 

cmH2O; note that calculation shows “15.4 cmH2O”, 

however, closer inspection of graphics would suggest 

keeping 18 cmH2O 



Patient B: 
PEEP titration over 
series of days

Approximately 46 hours after being placed on 

ECMO AND 3 hours after bronchoscopy

Per EIT calculation and graphics, we weaned to 16 cmH2O on ventilator 

and patient tolerated well

Pt was also able to wean from Inhaled nitric oxide after bronchoscopy and 

reduction of PEEP 2 hours later



Patient B: Pre/Post Bronch, 2 hrs post, 3 hours post

Pre/Post 10 mins 

Pre/Post 2 hours Pre/Post 3 hours



Patient A and B

• In both patient cases, we were able to:

• Individually select ventilator settings based on best compliance with least 
amount of hyperdistention and collapse

• Wean FdO2 and/or Inhaled Nitric Oxide significantly

• Maintain SpO2 goal levels, even with turning patient to provide appropriate 
cares to prevent pressure injury

• Continue to monitor ventilation distribution improvements over series of days, 
beyond Vt exhaled on the ventilator



Research plan

• Collect data to be used for case studies with patients requiring VV-
ECMO (veno-venous ECMO) eligible for EIT belt that will be used to 
optimize ventilator settings and guide bronchoscopy intervention. 

• Early results indicating improved ventilation distribution using EIT 
guided PEEP, particularly after bronchoscopy. 

• We plan to use the EIT belt for real-time monitoring before, during, 
and after bronchoscopy, hypothesizing that it will help detect 
ventilatory changes and allow for timely interventions before clinical 
deterioration is noted.



Conclusion

• EIT can be a safe and effective tool used in conjunction with ECMO to 
reduce ventilator settings by achieving the goal of reducing 
hyperdistention and collapse while maintaining ventilation at the best 
compliance. 

• EIT also can offer the capability of determining different levels of PEEP in 
patients who may be presenting with differential lung disease, with 
portions of lung more and less compliant than other sections of lung, 
dependent on position or time during an ECMO run. 
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