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Project Summary
Assessment of regional lung abnormalities are currently being undertaken using techniques such as spirometry, X-rays, CT and MRI. Unfortunately, current imaging modalities are only able to provide information in "snapshots" and are limited by side effects including radiation and cost. Electrical Impedance Tomography (EIT) is an emerging technique in the field of respiratory function testing which measures distribution of impedance of electrical currents across the chest. The distribution of impedance can be directly correlated to changes in ventilation distribution allowing for continuous monitoring that in a non-invasive, risk-free, cost-effective, and timely manner.
Validity and reliability of EIT systems has been demonstrated in several studies, indicating that EIT may be effective in the assessment of ventilation distribution in patients with asthma, COPD and cystic fibrosis. Furthermore, EIT has also compared well with lung measures such as lung volumes and lung density quantified by CT. However, there is currently little or no studies of the use of EIT in monitoring of patients with restrictive lung disease, in particular patients with spinal injuries. 
Although the clinical applications of EIT for the assessment of obstructive diseases is promising, establishing EIT as a routine monitoring tool for distribution of ventilation has been prioritised as this has demonstrated the strongest potential for immediate clinical impact. Current applications involve monitoring patients on mechanical ventilation; however it remains yet to be widely adopted due to lack of standardised output parameters and reference values.
	2. Rationale / Background


Respiratory impairment following high spinal cord injury is characterised by restrictive respiratory changes including low lung volumes and a weak cough secondary to respiratory muscle weakness. Respiratory failure is also compounded by autonomic dysfunction and early-onset sleep disordered breathing. Complications include hypoventilation, a reduction in surfactant production, mucus plugging, atelectasis, and pneumonia. Impairments in ventilation are typically assessed by spirometry (airflow in and out of the lung) and, vital capacity is an indicator of overall pulmonary function. Patients with impaired vital capacity may require invasive ventilation.  
Spirometry, however, ignores spatial changes in the lungs. Ventilation inhomogeneity is a characteristic of a poorly functioning lung and has been demonstrated using hyperpolarised helium magnetic resonance imaging, an expensive technique available to few hospitals worldwide. EIT is a safe, non-invasive, cheap and portable technology that constructs maps of lung ventilation from surface electrodes positioned around the chest. Our goal is to ultimately use EIT for non-invasive assessment of patients and to inform treatments that can be targeted to abnormal regions of the lung.
	3. Project Aims / Objectives / Hypotheses


Aims, objectives
The general aim of this pilot study is to establish correlations between parameters of EIT with standard clinical parameters. The specific aims are to:
1. Assess lung ventilation distribution in patients with high spinal injuries (T8 and above)

2. Collect clinical data on ventilatory mechanics including level of spinal deficits, ventilatory mechanics (invasive, non-invasive, ventilator settings) intraabdominal pressure, FiO2 ratio, and end tidal CO2 to arterial CO2 gap 

3. Assess correlation between EIT parameters and clinical data

Hypothesis
There is a strong correlation between EIT parameters and clinical data in regard to assessment of lung ventilation distribution in patients with high spinal injuries (T8 and above) 
	4. Project Design


Type and design

This will be a pilot observational study.
PARTICIPANTS
Number of participants (sample size)

30
Inclusion criteria

The cohort will consist of 30 patients with high spinal injuries (T8 and above), including patients that are mechanically ventilated and have lung pathology. All BMIs will be included.
Exclusion criteria

Patients under the age of 18, patients who do not or cannot consent and patients where safe placement of electrodes (required for the use of EIT) is impossible will be excluded. Patients who cannot be positioned safely (i.e. high cervical spinal fractures, not fixed and not in a collar) will also be excluded. 
Data Sources (e.g. Medical Records, IMPAX)

· Medical records
Data to be Collected (e.g. Age, Height)
· Height                                           
· Weight                                      
· Gender                                     
· Age

· Chest circumference                                                    
· Skin fold thickness 

· Level of spinal injury 

· Surgically fixed
· ASIA Score

· Sensory levels 
· Motor levels 

· MRI findings: 

· Heart rate             
· Blood pressure
· Ventilator settings

· Intra-abdominal pressure

· Parameters of EIT including global inhomogeneity index and centre of ventilation

Method
The project will be conducted in compliance with Good Clinical Practice and the applicable regulatory requirements. Subjects will be assessed either by the free or belt electrodes in a single session. Precise positioning of free electrodes is expected to take approximately 30 minutes, while the custom-designed belt will be fitted within 5 minutes.
Subjects will take three deep inspirations to standardise volume history. After a 5 minute interval, breathing will be assessed for 1 minute during which the subject is asked to avoid taking a deep inspiration. This protocol will then be repeated with the subject sitting, supine and laid on left and right side. Each protocol will be performed in a randomised order and include the same volume history manoeuvre and 5 minute equilibration period before each 1 minute recording. A final two protocols will be performed in a seated position where the subject is asked to breath at normal lung volume for 1 minute, followed by a deep inspiration (or deep expiration), before returning to a normal lung volume for a further 1 minute of recording. Each study session is predicted to be completed within 2 hours.

Duration of Project
Expected duration is 1 year
	5. Treatment of Participants


Subjects will be assessed either by the free or belt electrodes in a single session as outlined above (see ‘Method’ section). 
	6. Assessment of Efficacy


Change in impedance is measured during the different breathing manoeuvres which will translate into flow and volume between different lung lobes (upper left, lower left, upper right, middle right and lower right). A heterogeneity index will also be derived from the variation in flow between different lung regions. Standard clinical parameters measured will include level of spinal deficits, ventilatory mechanics (invasive, non-invasive, ventilator settings), intra-abdominal pressure, Pa02/Fi02 ratio and ETC02/ PaCO2 gap. This data will be used to assess the correlations between parameters on the EIT with standard clinical parameters
	7. Assessment of Safety


No pain, irritation, or adverse effects have been seen with EIT measurements on humans. Electrical currents applied into the skin by the EIT device are below the maximum "auxiliary current" limit of 10 mA at a frequency of 200 kHz, as set by IEC60601-1 and BS5724 standards. Standard ECGtype Electrodes will only be attached to the participant’s skin during the measurements (~2 hours). As always with electrodes, there is a small risk of irritation of the skin, which almost always resolves in days. Skin irritation will be assessed visually upon removal of the electrodes, or patients may self report. Topical analgesic will be provided if skin irritation occurs.
	8. Data Management, Statistical Analysis and Record Keeping


Statistical methods (including sample size / any planned interim analysis)
All patients admitted to Royal Perth ICU will be assessed using their admission diagnosis and medical history. Potential eligible participants are selected based on an inclusion and exclusion criteria. 

The cohort will consist of 30 patients with high spinal injuries (T8 and above), including patients that are mechanically ventilated and have lung pathology. All BMIs will be included. 
Exclusion criteria will include patients under the age of 18, patients who do not or cannot consent and patients where placement of electrodes (required for the use of EIT) is impossible.
Subjects will be assessed either by the free or belt electrodes in a single session. Precise positioning of free electrodes is expected to take approximately 30 minutes, while the custom-designed belt will be fitted within 5 minutes.

Subjects will take three deep inspirations to standardise volume history. After a 5 minute interval, breathing will be assessed for 1 minute during which the subject is asked to avoid taking a deep inspiration. This protocol will then be repeated with the subject sitting, supine and laid on left and right side. Each protocol will be performed in a randomised order and include the same volume history manoeuvre and 5 minute equilibration period before each 1 minute recording. A final two protocols will be performed in a seated position where the subject is asked to breath at normal lung volume for 1 minute, followed by a deep inspiration (or deep expiration), before returning to a normal lung volume for a further 1 minute of recording. Each study session is predicted to be completed within 2 hours.
Data Analysis
Change in impedance is measured during the different breathing manoeuvres which will translate into flow and volume between different lung lobes (upper left, lower left, upper right, middle right and lower right). A heterogeneity index will also be derived from the variation in flow between different lung regions. Standard clinical parameters measured will include level of spinal deficits, ventilatory mechanics (invasive, non-invasive, ventilator settings), intra-abdominal pressure, Pa02/Fi02 ratio and ETC02/ PaCO2 gap. This data will be used to assess the correlations between parameters on the EIT with standard clinical parameters
Data Management
Data Storage 
All electronic data will be stored on a secure WA Health Drive accessed via a password protected computer. Hard copy records will be stored in a locked cabinet inside a locked office in Royal Perth Hospital Intensive Care Unit. 
Participants will be allocated a unique study number (code). Data will be entered into the study datasheet in re-identifiable (coded) format. A separate master log will be maintained, linking the participant details to their study number. Once the dataset is finalised and the data has been checked for errors or missing data, the master log containing the link codes will be deleted, making the study dataset non-identifiable. This will be done prior to data analysis. No identifiable data will leave Royal Perth Hospital.  
Data Transfer 
Data files generated will be de-identified and shared between investigators through protected platforms, on OneDrive, where access is granted solely to the approved investigators. No identifiable data will leave Royal Perth Hospital.
Data Retention    
All data will be stored electronically under confidentiality for at least 7 years on a secure WA Health Drive accessed via a password protected computer.
	9. Monitoring / Audit


The project investigators/institutions will permit project-related monitoring, audits, and regulatory inspections, providing direct access to source data/documents. Monitoring will be in the form of regular progress reports and a final report on the completion of the project. Monitoring and auditing will be undertaken by the HREC.
	10. Quality Control and Quality Assurance


This project has not undergone formal peer review but has input from an Intensive Care Specialist and a Research Officer working in the field of Respiratory Medicine. The assembled team provides all the necessary expertise and leadership to generate good quality data that will address all experimental aims in a timely manner.
	11. Ethics


EIT has been used by many clinical and research institutions with no adverse events. The device that we are using (the Sentec "pioneer set") has been used on 10 research projects in Canada since 2008. In Australia, this system has been extensively used by the team of David Tingay (Murdoch Children's Research Institute, Melbourne) on infants. Recently he has published work immediately after caesarean section in newborns ("Imaging the respiratory transition at birth: Unravelling the complexities of the first breaths of life", AJRCCM Blue-202007-2997). No pain, irritation, or adverse effects have been seen with EIT measurements on humans. Electrical currents applied into the skin by the EIT device are below the maximum "auxiliary current" limit of 10 mA at a frequency of 200 kHz, as set by IEC60601-1 and BS5724 standards. Standard ECGtype Electrodes will only be attached to the participant’s skin during the measurements (~2 hours). As always with electrodes, there is a small risk of irritation of the skin, which almost always resolves in days. Topical analgesic will be provided if skin irritation occurs.

Consent

The treating clinician / treating team will make the initial contact with potential participants regarding research. All patients admitted to Royal Perth ICU will be assessed using their admission diagnosis and medical history. Potential eligible participants are selected based on an inclusion and exclusion criteria. 

The study will be explained to all participants and they will be provided a Participant Information Sheet to read. The study will only proceed once signed consent has been obtained (Participant Consent Form). The subject can withdraw from the study at any time by contacting the Principal investigator or any member of the research team of the study; no reason need be provided. Contact details will be provided on the Patient Information Sheet. Reasons for withdrawal will be documented if they are offered. There will be no follow-up of withdrawn participants.

	12. Budget, Financing, Indemnity and Insurance


This project will be funded using “In-kind support” from the East Metropolitan Health Service and Royal Perth Hospital. This trial will be covered under non clinical trial indemnity
	13. Publication 


Results will be presented at scientific meetings and perhaps published in scientific journals if the pilot data proves noteworthy.
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