
Title. The Effect of Low Driving Pressure Ventilation on mtDNA Levels in Patients with Severe ARDS Undergoing ECMO

Abstract.

Cardiopulmonary failure is a common etiology for intensive care unit admission (ICU) admission. Extracorporeal membrane
oxygenation (ECMO) and invasive mechanical ventilation (IMV) are some of the highest forms of life-support on offer, yet they
both have the potential to cause harm via ventilator induced lung injury (VILI).  VILI is a leading contributor to multiple organ
failure and death in patients with acute respiratory distress syndrome (ARDS), and optimal ventilator settings to minimize VILI
for patients with ARDS on ECMO are currently unknown.  The long term goal of this study is to identify novel biomarkers of
VILI that may serve as a tool to guide clinical decision-making.

Cell-free mitochondrial DNA(mtDNA) has recently emerged as one such biomarker that has been shown to predict death in
patients suffering from ARDS.  However, the role of mtDNA in VILI has not been investigated, and the impact of ECMO settings
on plasma mtDNA concentrations is unknown.  We hypothesize that minimizing VILI by lowering driving pressure (∆P) would
decrease levels of mtDNA. We will test this hypothesis by determining the impact of apneic ventilation, designed to minimize
VILI, on plasma mtDNA levels in patients with severe ARDS on ECMO.

Background.
Acute respiratory distress syndrome (ARDS) is a common and deadly condition, for which many patients end up on invasive
mechanical ventilation (IMV). While IMV is a lifesaving therapy, repetitive stress and strain on the injured lung can be injurious –
called ventilator induced lung injury (VILI) which contributes to systemic multiorgan dysfunction (biotrauma) [1]. Biotrauma is
the systemic inflammation resulting from VILI.

Mechanical ventilation and cyclic stretch of lung tissue have been shown to induce cell membrane breaks with release of
intracellular cell contents [2, 3]. Recent evidence suggests that injured cells release mitochondrial “alarmins” (also known as
damage-associated molecular patterns, DAMPs) originating from mitochondria [4,5], and that these DAMPs  may play a role in
mediating VILI. Mitochondrial DNA (mtDNA) (one example of a mitochondrial alarmin) is thought to act as a proinflammatory
cytokine, cause lung injury in vivo, and may be involved in the pathogenesis of VILI.

Multiorgan failure resulting from biotrauma and VILI is the leading cause of mortality in patients with acute respiratory distress
syndrome (ARDS).  Low tidal volume (VT) ventilation with 6 mL/kg of ideal body weight (IBW) and ensuring plateau pressures
less than 30 cm H2O are associated with improved outcomes and mortality compared to VT of 12 mL/kg of IBW [6] due to
decreasing VILI. In a related study, Amato et al showed that lower ventilator driving pressures (ΔP) and survival are directly
related - with no lower limit below which further reductions in driving pressure (and thus tidal volumes) improve outcome [7].
Similar to low title volumes, low driving pressures decrease VILI, biotrauma, multiorgan failure, and ultimately mortality.

For the most extreme cases of ARDS, extracorporeal membrane oxygenation (ECMO) is often required. ECMO is a mechanical
therapy that can function in place of the patient’s native lung, controlling oxygenation (PaO2) and carbon dioxide (PaCO2) levels
[8]. ECMO allows clinicians to utilize mechanical ventilation with minimal to no driving pressures. Animal data shows that
mechanical ventilation with low driving pressures – including “apneic” or zero driving pressure and respiratory rates decreases
histologic lung injury [9]. Current Extracorporeal Life Support Organization (ELSO) guidelines recommend reducing ventilator
driving pressures to approximately 10-15 cm H2O during ECMO [10,11]. With ECMO support we can essentially have minimal to
no driving pressure (near apneic ventilation) on the ventilator, which we hypothesize will decrease VILI, biotrauma, multisystem
organ failure, and mortality.

The aim of this study is to focus on the effect of near apneic ventilation on mtDNA level in a cohort of patients receiving IMV
while on ECMO. We plan to minimize ventilator driving pressures to 1-5 cm H2O and test the following specific aims below.

Specific Aims and Hypothesis.



Specific Aim 1: To study the effects of minimizing ventilator driving pressures on mtDNA levels in patients with ARDS on
ECMO.

Hypothesis 1: Minimal driving pressures will decrease mtDNA levels in patients with ARDS during ECMO.

Specific Aim 2: To study the effects of minimizing respiratory rate on mtDNA levels in patients with ARDS on ECMO.
Hypothesis 2: Minimal respiratory rates will decrease mtDNA levels in patients with ARDS during ECMO

Methods.
The overall goal of this study is to quantify mtDNA levels in patients with severe ARDS undergoing ECMO with IMV at variable
driving pressures.

Blood samples have been collected from a cohort of patients with severe ARDS that have undergone ECMO at UCSD. Plasma
levels of mtDNA will be measured 1) pre-ECMO, 2) immediately after ECMO initiation, 3) after low driving pressure ventilation
(LDPV), 4) after two hours of very low driving pressure ventilation (V-LDPV, the main intervention with P of 1 cmH2O), and 5)
two hours after LDPV.

Linear mixed effects models will be utilized for statistical analysis.Patients serve as their own control with baseline measurements
prior to ventilator changes. Depending if the data is normal or non-normal distribution analysis will be done with paired-T test
analysis and Wilcoxon signed rank test respectively. When assessing between two or more groups, Freedman two-way ANOVA
will be utilized. A p-value less than 0.05 will be defined as significant. Power of 0.8. The effect size on biomarker changes is
approximately 40-50% [6,7,10]. The sample size calculation with these effect size required is approximately 28-42 patients. Due
to the possibility of missing samples (due to the urgency that ECMO is initiated on patients), the sample size was determined to be
40.

Expected Work product.
The goal of this research project is to determine the effect of low driving pressure ventilation on levels of mitochondrial DNA, a
biomarker which is known to be implicated in the pathogenesis of ventilator associated lung injury. The work product expected
may include an abstract, presentation at a scientific conference, and ultimate goal of publication of a manuscript in a high impact
scientific journal.

Time Commitment
My role in the project will involve organizing clinical samples (which have already been obtained), analyzing data, generating
figures, and assisting in preparing a presentation/ manuscript for this project. I intend to work on this project longitudinally
throughout the next 2 years. I plan to perform some initial preparatory work during the remainder of my PGY1 year/ early PGY2
year, with a goal to complete the majority of the work during the 2 month research rotation in my PGY2 year. I expect I may
continue to need to work during my PGY2-PGY3 years to ensure completion of the project with a goal of presenting at the
American Thoracic Society Internal Meeting in May 2023 and ultimately publication to a scientific journal in the year 2023. The
research question was formulated by Dr. Hepokoski, Dr. Mazen Odish, and a number of other collaborators who have contributed
to the project. I plan to meet with Dr. Hepokoski and other relevant members of the team at regular intervals involved to ensure
progress is being made towards project completion.
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