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1 Protocol Synopsis
	Title
	Assessing the feasibility of microdialysis to monitor vascular endothelial function in post-operative cardiac patients

	Objectives
	To determine the feasibility of monitoring the integrity of vascular endothelium in critically ill children by;

· Microdialysis  to measure interstitial protein levels including albumin and cytokines

· Plasma levels of endothelial activation markers, cytokines and Eph/ephrin proteins 
· Monitoring urinary albumin (microalbuminuria)

	Design
	Prospective, feasibility study

	Study duration
	15 months

	Number of participants
	40 participants

20: cardiac surgery

20: cardiac catheterisation (control)

	Population
	40 children aged 1 day-18 years admitted to Lady Cilento Children’s Hospital for cardiac surgery or cardiac catheterisation.


Glossary of abbreviations
	ABBREVIATION
	TERM

	AE
	Adverse Event

	CRF
	Case Report Form

	DMC
	Data Monitoring Committee

	HREC
	Human Research Ethics Committee

	LCCH
	Lady Cilento Children’s Hospital

	NHMRC
	National Health and Medical Research Council

	PICU
	Paediatric Intensive Care Unit


INTRODUCTION AND BACKGROUND
1.1 Background and rationale 

The clinical research project outlined in this proposal is an integral part of a larger research program investigating endothelial biology in critical illness. Our overall research goal is to understand, monitor and restore the integrity of the vascular endothelium to facilitate patient recovery and improve outcomes in systemic inflammation, specifically septic shock. Our research focuses on the Eph/ephrin signalling system and our program includes: evaluating Eph/ephrin signalling blocking reagents in a mouse model of sepsis, investigating the cellular and molecular signalling events involved in vascular leak in severe sepsis, and undertaking clinical studies in critically-ill children including post-operative cardiac surgical patients. 

Vascular endothelium: In health, the vascular endothelium provides a non-thrombogenic barrier between the bloodstream and the tissues. However, in the systemic inflammatory response syndrome or SIRS, there is a change in the phenotype of the vascular endothelium, which becomes pro-coagulant (sticky) and permeable (leaky) to fluid, protein and inflammatory cells. In fact, the vascular endothelium is the common denominator of many intersecting and overlapping upstream signalling pathways triggered by the inciting (usually infectious) insults. Pathologically and clinically, a hallmark of SIRS is pervasive vascular leak throughout the circulation leading to hypovolaemia, which results in circulatory shock and contributes to multi-organ failure. In clinical practice, fluid resuscitation is a cornerstone of therapy in both SIRS and septic shock; however, the science supporting this practice has been questioned (Hilton and Bellomo, 2012) and recent studies have not supported early goal-directed therapy in sepsis (Angus et al., 2015). The extravasation of albumin and the transmigration of fluid into the interstitium has been demonstrated in critically-ill medical (Cordemans et al., 2012) and surgical 
 ADDIN EN.CITE 

(Norberg et al., 2016)
 patients. At present there is no effective therapy specifically targeting endothelial injury and vascular leak, despite evidence supporting the idea that vascular endothelial leak may be a viable therapeutic target in sepsis, septic shock and SIRS (Goldenberg et al., 2011).

Eph receptors and their ephrin ligands: Eph receptor tyrosine kinases associate with a group of cell surface ligands termed ephrins. Structural features identify nine type-A Ephs which preferentially bind the six type-A ephrins, and six type-B Ephs which preferentially bind the three type-B ephrins (Lackmann and Boyd, 2008). Eph and ephrin signalling is initiated at cell–cell contacts with the formation of tetrameric receptor–ligand complexes which act as a focus for the assembly of higher order signalling clusters on the surface of opposing cells (Janes et al., 2012). Interaction of Eph receptors and ephrin ligands can induce cell–cell adhesion or detachment (Lisabeth et al., 2013). Eph receptors principally modify cell adhesion through changes in the organisation of the actin cytoskeleton. These changes influence the dynamics of cellular protrusion and cell migration and are mediated via signalling cascades that ultimately converge on targets including integrins and small Rho-family GTPases. This is in contrast to many receptor tyrosine kinases that activate signalling pathways regulating cell proliferation and/or differentiation (Pasquale, 2005). The role of the Eph/ephrin receptor ligand family in cancer has been researched extensively (Boyd et al., 2014), but evidence for a role in injury, inflammation (Coulthard et al., 2012) and atherosclerotic cardiovascular disease (Funk and Orr, 2013) has also emerged. 

Role of EphA2 and ephrin-A1 in vascular endothelium leak and inflammation: The upregulation of various Eph/ephrin proteins in response to the pro-inflammatory cytokines suggests a role in inflammation (Coulthard et al., 2012) (Fig. 1). The initial evidence for the role of Eph/ephrin proteins in vascular biology was the identification of ephrin-A1 as a TNF-( responsive gene in endothelial cells, highlighting a potential role in inflammatory responses 
 ADDIN EN.CITE 

(Dixit et al., 1990)
. The vascular endothelium controls the passage of fluid, proteins and inflammatory cells from the blood into the interstitium via paracellular spaces between endothelial cells. The distortion of endothelial cell shape allows the development of gaps in the monolayer, permitting the passage of fluid, proteins, and inflammatory cells from the blood into the [image: image2.jpg]Fold-change in microdialysis protein
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(Opal and van der Poll, 2015)
.

The endothelial cell–cell junctional structures are large macromolecular complexes, functionally regulated by several key signalling pathways, which determine the barrier function of the cell–cell junctions regulating the paracellular space. The adherens junctions are particularly important in the post-capillary venule, which also expresses the receptors for inflammatory mediators including TNF-(, IL-1β and vascular endothelial growth factor (VEGF). The predominant structural protein of the adherens junction is vascular endothelial cadherin (VE-cadherin), which interacts with the p120 catenin and β-catenin proteins, thereby allowing connection of VE-cadherin with the actin cytoskeleton (Giannotta et al., 2013). Other signalling pathways that control vascular endothelial permeability, including vascular endothelial growth factor (Jeong et al., 2013), Slit/Robo (London and Li, 2011) and angiopoietin/Tie2 (Milam and Parikh, 2015) are under investigation, but to date no effective therapeutic intervention has emerged from these studies. There is a need for additional detailed information about the molecular and cellular events controlling the flux of fluid, albumin and inflammatory cytokines and cells into the interstitium during sepsis and how this contributes to shock, SIRS, multiple organ failure and death. 

In the mouse gut ischaemia/reperfusion (I/R) model of systemic inflammation, we pre-treated mice with EphA4-Fc to block Eph/ephrin signalling and compared with mice pre-treated with a control Fc (EphA4-Fc-ΔLBD), which does not bind ephrins. There was significantly reduced intestinal injury and neutrophil infiltration in EphA4-Fc pre-treated mice. Further, we showed that systemic vascular leakage, measured using microdialysis to quantify the interstitial protein level, was completely abrogated by EphA4-Fc (Fig. 2). Our recently published results demonstrate that Eph/ephrin signalling is a key modulator of inflammatory vascular leak, and provides a new and compelling molecular target for the control of vascular leak in the systemic inflammatory response and septic shock 
 ADDIN EN.CITE 

(Woodruff et al., 2016)
.

[image: image3.emf] 

In summary, our research program focuses on understanding vascular endothelial dysfunction in critical illness. Specifically, we are exploring a novel signalling mechanism which may be critically involved with regulating vascular leak in sepsis. Overall, our evidence suggests that EphA2/ephrin-A1 signalling may be a key link between inflammatory cytokines released in response to an inflammatory stimulus and the increase in endothelial permeability mediated by signalling pathways which modulate the endothelial junctional structures resulting in vascular leak. Our laboratory has developed new reagents (Eph/ephrin receptor signalling blockers) which inhibit vascular leak and tissue damage in a murine model of systemic inflammation similar to sepsis and septic shock in humans. We propose that inhibition of Eph/ephrin receptor signalling using our unique and specific reagents will provide substantial reductions in vascular leak and pathology including multiple organ failure. This has major clinical significance and has the potential to improve patient outcomes with critical illness. Current best practice provides sophisticated supportive care for critically-ill patients 
 ADDIN EN.CITE 

(Rhodes et al., 2017)
, but does not target causal pathogenic factors, and clinical care is largely symptomatic and is not based on high quality experimental evidence (Hilton and Bellomo, 2012). 
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Our research program is aimed at improving the outcome of critically-ill patients with systemic inflammation due to sepsis, major surgical procedures (including surgery for congenital cardiac disease), serious trauma and extensive burns, through understanding the role of the endothelium and how we can monitor and restore endothelial health and integrity to reverse organ dysfunction and prevent mortality. 

We anticipate that microdialysis will allow us to monitor interstitial albumin flux so we can objectively measure vascular endothelial cell health and integrity (Fig 3.). Consequently, we will have a very practical tool to determine when the vascular leak has recovered, and therefore we can rationalise fluid resuscitation and improve supportive care in the ICU. Specifically, the intensivist will know when it is time to “stop filling” and “start diuresing”. 

Critical illness is complex, and diagnosis and assessment of vascular leak in critically-ill patients is challenging. Our research will determine if the novel endothelial protein EphA2, in combination with other cytokines and inflammatory proteins, can inform us about endothelial activation and improve patient management. 

1.2 Aims

The aim of this study is to assess the feasibility of assessment of vascular endothelial function in critically-ill infants and children with systemic inflammation following cardiac surgery by: a) monitoring the flux of fluid, albumin and inflammatory cytokines into the interstitium with microdialysis, and b) measuring plasma Eph/ephrin proteins and cytokine levels as potential biomarkers of endothelial activation. 
1.3 Hypothesis

Vascular endothelial function can be monitored in the intensive care unit by;

a) Quantifying interstitial protein levels by microdialysis;

b) Measuring urinary albumin and;

c) Measuring plasma levels of Eph/ephrins as endothelial activation markers. 

2 TYPE OF STUDY
This is a single-centre, prospective study examining the feasibility of assessment of vascular endothelial function using microdialysis. Vascular endothelial function will be examined in a sample of 20 children post cardiac surgery with an expected post-surgical inflammatory response and a control group of 20 children post cardiac catheterisation not expected to have a similar post-intervention inflammatory response. 

2.1 Study Setting 
The study will be conducted in a paediatric intensive care unit in a single, tertiary paediatric hospital in Brisbane, Australia. 

3 PARTICIPANTS AND RECRUITMENT

3.1 Number of Participants

A total of 40 participants will be recruited into the study. Participants will include children aged 0-18 years admitted to Lady Cilento Children’s Hospital for; 

1. 20 patients admitted for cardiac surgery;

2. 20 patients admitted for cardiac catheterisation.

3.2 Eligibility Criteria

3.2.1 Inclusion criteria
Each patient must meet all of the following criteria to be enrolled in this study: 
· Is between the ages of 1 day and 18 years at time of recruitment. 
· Planned cardiac surgery or cardiac catheterisation
· Has a legally acceptable representative capable of understanding the informed consent document and providing consent on the participant’s behalf.
3.2.2 Exclusion criteria
Patients meeting any of the following criteria will be excluded from the study: 
· Inability or unwillingness of participant or legally acceptable representative to give written informed consent. 
3.3 Recruitment and identification of potential participants  

Participants will be identified with the assistance of the cardiac surgical team and cardiac care nurse coordinators at weekly case conference reviews. Eligible participants will be identified by the care coordinators and details of participants will be passed on to the study team. A research nurse will subsequently enrol patients in the study. Initial contact with potential patients will be made by email prior to the planned procedure date. This is to allow the parents to read over the material and take time to understand the study. Should the family indicate they are interested in participating, the research team will organise to meet with the family in person at pre-admission clinic prior to surgery to obtain full written consent (see detailed procedure below).

3.4 Consent

Prior to performing any study specific procedure (including screening procedures to determine eligibility), a signed consent form will be obtained for each participant by the study research nurse from a parent, legal guardian, or person with power of attorney. Consent will also be sought from participants where appropriate. Capacity to consent will be assessed by discussion plan with the child > 8 years of age and using MacArthur Competence Assessment Tool for Clinical Research. The consent form will describe the purpose of the study, the procedures to be followed, and the risks and benefits of participation. The research nurse will conduct the informed consent discussion and will check that the participant and their legally acceptable representative comprehend the information provided and answer any questions about the study. Consent will be voluntary and free from coercion. The research nurse that conducted the consent discussion will also sign the informed consent form. A copy of the consent form will be given to the participant or their legally acceptable representative and the fact that the participant has been consented to the study will be documented in the participant’s record. When the all the inclusion/exclusion criteria have been addressed and the eligibility of the participant confirmed, the participant may be enrolled in the study.
Withdrawal of Participants
The investigator may withdraw a patient from the study treatment and follow-up procedures if the patient: 

· Is in violation of the protocol; 

· Experiences a serious or intolerable adverse event 

· Develops, during the course of the study, symptoms or conditions listed in the exclusion criteria 

· Requires early discontinuation for any reason 

The investigator will also withdraw all participants from the study treatment if the study is terminated. Patients are free to withdraw from the study at any time upon their request or the request of their legally acceptable representative. Withdrawing from the study will not affect their access to standard treatment or their relationship with the hospital and affiliated health care professionals

When a participant is withdrawn from the treatment and/or the study by the investigator, the reasons for withdrawal shall be recorded and captured in the CRF by the site research nurse. Where the participant withdraws from the treatment and/or the study themselves or is withdrawn by their parent/guardian, the site research nurse shall attempt to ascertain the reason(s) for withdrawal from the parent/legal guardian or competent participant and, where provided, record this data. Any results obtained prior to withdrawal from the treatment and/or the study will be included in the analysis, unless the participant or their parent/guardian withdraws consent to use any of the participant’s data.
4 STUDY VISITS AND PROCEDURES
Baseline variables, primary end points, secondary end points, pre-determined physiological variables of interest, and process of care measures will be prospectively recorded into a study RECcap online database. 

4.1 Schedule of assessments

	
	Baseline
	Surgery
	Admission PICU
	12H post adm PICU
	24H post adm PICU

	ENROLMENT:
	
	
	
	
	

	Eligibility screen
	X
	
	
	
	

	Informed consent 
	X
	
	
	
	

	INTERVENTIONS:
	
	
	
	
	

	Placement microdialysis catheter
	
	X
	
	
	

	ASSESSMENTS:
	
	
	
	
	

	Bloods**
	
	X
	X
	X
	X

	Microdialysate Q2H
	
	X
	X
	X
	X

	Urine Q2H
	
	X
	X
	X
	X

	Patient status/microdialysis site check Q2H
	
	X
	X
	X
	X

	Peritoneal fluid sample Q2H*
	
	X
	X
	X
	X

	Parent satisfaction questionnaire
	
	
	
	
	X


 *If peritoneal dialysis catheter planed during surgery.
 **Plasma from routine blood tests taken in PICU will be used for assessment of EphA2 and inflammatory markers.

4.2 T1 - Baseline (clinic)
The research nurse will collect/conduct the following assessments at the baseline visit;
· Obtain and document consent from potential participant/parent/carer.

· Review medical history to determine eligibility based on inclusion/exclusion criteria.

· Obtain demographic information, medical, surgical, immunisation history and allergies. 
4.3 T2 - Preoperative or cardiac catheterisation 

Once the child is anaesthetised the microdialysis catheter will be inserted by authorised research personnel. The research nurse will arrange collection of the following samples immediately following insertion of the arterial line.
· 1–2 mL of EDTA blood (for DNA);
· 2.5 mL of PAXgene tube blood;
· 1–2 mL of serum. 
The research nurse will also arrange for collection of the following samples second hourly until the child is in the recovery ward (control patients post cardiac catheter). Where a patient has had a cardiac catheter they will be followed until in the recovery ward, whereby a final sample will be taken and the microdailysis catheter removed.

For patients undergoing cardiac surgery the following will occur. After insertion of the arterial line until either discharge from PICU or 48 hours post admission to PICU. 

· 0.5mL microdialysate 

· Urine specimen collection 
· Peritoneal dialysis catheter fluid 

· Monitoring of microdialysate catheter site

4.4 T3 - Admission to PICU (0 hours post bypass)

The research nurse will arrange for the collection of the following assessments on patient admission to PICU using using the existing arterial line; a central venous line sample is acceptable if no arterial access is present;

· 2.5 mL of PAXgene tube blood (for gene expression markers);
· 1–2 mL of serum. 
4.5 T4 - 12 hours post admission to PICU 
The research nurse will arrange for the collection of the following assessments 12 hours following admission to PICU using the existing arterial line; a central venous line sample is acceptable if no arterial access is present;

· 1–2 mL of serum.
4.6 T5 - 24 hours post admission to PICU 
The research nurse will arrange for the collection of the following assessments 24 hours following admission to PICU using the existing arterial line; a central venous line sample is acceptable if no arterial access is present;

· 1–2 mL of serum.
· Parent satisfaction questionnaire.

4.7 Measures
4.7.1 Baseline variables

Patient demographics, demographic information, medical and surgical history, allergies, immunisations and paediatric history will be collected from the patient at the baseline visit by the research nurse.
4.7.2 Microdialysis insertion and sampling 

A 66 Linear Microdialysis Catheter (AshMed Medical Pty Ltd) will be inserted under the skin of the forearm in anaesthetised children by the research personnel under the supervision of the anaesthetist. The microdialysis catheter will be perfused with sterile saline (0.9% NaCl) solution.  The microdialysis pump will run at 1 microliter per minute.
Dialysate samples will be collected every 2 ± 2 hours in 0.5 mL Eppendorf tubes. The tubes will be placed on ice and transferred to the laboratory. The microdialysate will be analysed for protein and inflammatory markers.

4.7.3 Urine 

Second hourly urine samples from the indwelling urinary catheter will be collected throughout the procedure and for the first 48 post-operative hours. 
4.7.4 Bloods

As per the paediatric intensive care unit (PICU) protocol, all patients will have routine post-operative blood taken for blood gas analysis (including lactate and central venous oxygen saturations), full blood count, plasma electrolytes, renal and liver functions tests and coagulation profiles. At this time researchers will organise the collection of an additional 1.0-2.0mL of blood. In this sample 200 μL of plasma will be used to measure levels of EphA2 (Human Magnetic Luminex® Screening Assay kit, R&D Systems, Inc.), EphA4, EphB4, ephrin-A1 and ephrin-B2 (ELISA, R&D Systems Inc.). We will also measure inflammatory markers (CRP, procalcitonin), complement (C5a), endothelial markers (endocans, VEGF, Ang-1, Ang-2) and cytokines (TNF-α, IL-1β, IL-6, IL-8, IL-10 and IFN-γ) using standard Bio-RAD ELISA kits as per the manufacturers’ instructions.
1.1.1 Peritoneal fluid samples

If the surgeon has placed a peritoneal dialysis catheter during the procedure then, in addition, peritoneal fluid samples will be collected second hourly for protein estimation and analysis. 
1.1.2 Patient status

Children will have severity of illness data monitored as per standard care whilst in the Paediatric Intensive Care Unit, including vital signs (BP, heart rate, respiratory rate).
1.1.3 Parent questionnaire
Parents of participating children will be requested to complete a satisfaction questionnaire prior to discharge from PICU. The questionnaire involves seven questions regarding the research process and parent satisfaction with their child’s participation in the study. The questionnaire should take approximately 5 minutes at maximum for the parent to complete.
2 ADVERSE EVENTS AND RISKS
Unanticipated problems involving risks to participants or others to include, in general, any incident, experience, or outcome that meets all of the following criteria:
· unexpected in terms of nature, severity, or frequency given (a) the research procedures that are described in the protocol-related documents, and (b) the characteristics of the participant population being studied;

· related or possibly related to participation in the research; and

· suggests that the research places participants or others at a greater risk of harm (including physical, psychological, economic, or social harm) than was previously known or recognised."

Adverse Event (AE): Any untoward medical occurrence in a patient enrolled into this study regardless of its causal relationship to study/interventions. 

Serious Adverse Event (SAE) 
Adverse events are classified as serious or non-serious. 
An SAE is defined as any AE that: 
· results in death; or 
· is immediately life threatening; or 
· requires inpatient hospitalisation; or 
· requires prolongation of existing hospitalisation; or 
· results in persistent or significant disability/incapacity; or 
· is a congenital anomaly/birth defect. 
Important medical events will be considered an SAE when, based upon appropriate medical judgement, they may jeopardise the patient and may require medical or surgical intervention to prevent one of the outcomes listed in this definition. 
2.1 Assessment and documentation of adverse events 

For the purposes of this study the investigator is responsible for recording all Adverse Events, regardless of their relationship to study intervention, with the following exceptions: 
· Conditions that are present at screening and do not deteriorate will not be considered adverse events. 
The description of each AE on the CRF will include: 
· A description of the AE; 
· The onset date, duration, date of resolution; 
· Severity (mild, moderate or severe); 
· Seriousness (i.e. is it an SAE?); 
· Any action taken, (e.g. treatment, follow-up tests); 
· The outcome (recovery, death, continuing, worsening); 
· The likelihood of the relationship of the AE to the study intervention (Unrelated, Possible, Probable, Definite). 
The seriousness of an AE will be assessed by an investigator according to the definition in section 7.1, with the following exception: 
· Hospitalisation due to progression of disease will not be considered an SAE for the purposes of this study. 
Changes in the severity of an AE will be reported. AEs characterised as intermittent will be documented for each episode. All AEs will be followed to adequate resolution, where possible.
2.2 Eliciting adverse event information

Safety events will be recorded from the time the participant signs the informed consent form until 48 hours after the discharge from the PICU. At every study visit participants will be asked “How have you felt since your last visit?” in order to elicit any changes in their well-being.”
2.3 Serious adverse event reporting

2.3.1 SAEs

Any SAE occurring in a study participant will be reported to the HREC within 24-72 hours of occurrence, in accordance with the safety reporting policy of the HREC. The HREC safety reporting form will be completed, signed and submitted by an investigator.
3 DATA MANAGEMENT
3.1 Data Collection

The investigators are responsible for ensuring the accuracy, completeness, legibility, and timeliness of the data reported.  All source documents should be completed in a neat, legible manner to ensure accurate interpretation of data.  The investigators will maintain adequate case histories of study participants, including accurate case report forms (CRFs), and source documentation."
3.2 Source Data

Source data will be entered directly onto pre-printed CRFs where practical, where this cannot occur in real time, data will be retrospectively entered onto CRFs from hospital records, observation charts and resuscitation flow sheets to complete the required data set.

3.3 Data Capture Methods 

Data will be prospectively entered into a secure web-based database (REDCap https://redcap.health.uq.edu.au/), hosted by the University of Queensland. Printed paper CRFs will be available if required.

3.4 Data Storage

Hard copy data will be securely stored by the investigating site in a locked cupboard in a secured location. Electronic data will be securely stored on the RedCAP database, hosted by The University of Queensland.
3.5 Sample Storage

Biological sample processing and storage will follow standard operating procedures. Samples will be labelled with the patients’ hospital label for identification by the Lady Cilento Children’s Hospital laboratory. The blood will be centrifuged to separate the plasma, which will then be transferred to de-identified tubes with study labels and stored at -20 ºC prior to secure transfer to the Centre for Children’s Health Research 80 ºC freezer.  The dialysate and urine samples will be stored at -80 ºC prior to protein estimation by the Pierce™ BCA Protein assay method. 
The de-identified samples will then be transferred to the Neuroinflammation Laboratory (Skerman Building at St Lucia and stored in a secure -80 ºC freezer prior to processing. The Neuroinflammation Laboratory is currently involved in similar research studies and the staff has experience in storing and handling specimens. The samples will be kept for 10 years after study completion and will be destroyed thereafter. Any use of the participants’ blood other than what is approved for this study will require further review by our ethics committee and approval.
3.6 Record Retention

As required by the Queensland State Archivist, all study information and documentation will be securely stored for a period of 15 years. 

4 STUDY OVERSIGHT
4.1 Governance structure 

The chief investigator (Assoc Prof Mark G Coulthard) is responsible for the clinical trial to be performed in accordance with the protocol and the applicable regulatory requirements. Study principal investigators will meet weekly to review adverse outcomes. Adverse outcomes will be collated and distributed to an independent panel for review. The panel will consist of two experienced PICU specialists, one ICU specialist and a statistician.
5 STATISTICAL METHODS
A convenience sample of 20 post-operative cardiac patients and 20 controls will allow us to assess the feasibility of the microdialysis method. We will use receiver operating characteristic (ROC) curve analyses, where appropriate, to determine optimal cut-off values for continuous variables. 

6 ETHICS AND DISSEMINATION
6.1 Research Ethics Approval

This protocol and the informed consent document and any subsequent modifications will be reviewed and approved by the human research ethics committee (HREC). A letter of protocol approval by HREC will be obtained prior to the commencement of the study, as well as approval for other study documents participant to HREC review.”

6.2 Modifications to the protocol 

This study will be conducted in compliance with the current version of the protocol. Any change to the protocol document or Informed Consent Form that affects the scientific intent, study design, patient safety, or may affect a participants willingness to continue participation in the study is considered an amendment, and therefore will be written and filed as an amendment to this protocol and/or informed consent form. All such amendments will be submitted to the HREC, for approval prior to becoming effective.
6.3 Confidentiality

Participant confidentiality is strictly held in trust by the participating investigators, research staff, and the sponsoring institution and their agents. This confidentiality is extended to cover testing of biological samples and genetic tests in addition to the clinical information relating to participating participants. The study protocol, documentation, data and all other information generated will be held in strict confidence. No information concerning the study or the data will be released to any unauthorised third party, without prior written approval of the sponsoring institution. Authorised representatives of the sponsoring institution may inspect all documents and records required to be maintained by the Investigator, including but not limited to, medical records (office, clinic or hospital) and pharmacy records for the participants in this study. The clinical study site will permit access to such records. All laboratory specimens, evaluation forms, reports and other records that leave the site will be identified only by the Participant Identification Number (SID) to maintain participant confidentiality. Clinical information will not be released without written permission of the participant, except as necessary for monitoring by HREC or regulatory agencies.
6.4 Dissemination and translation plan

Results from the study will be presented at weekly departmental research meetings. Publication in high impact peer-reviewed journals will be sought and presentation at local, national and international conferences is anticipated. 
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8 APPENDICES
A Biological Specimens

Specimen tubes and timing

Please use the following tubes:

· 2.5 mL PAXgene tubes: http://www.preanalytix.com/products/blood/RNA/paxgene-blood-rna-tube
· EDTA tubes: 4 mL Purple top BD Vacutainer (see picture below)

· Serum tubes: 3.5 mL Yellow top BD Vacutainer (see picture below)

· [image: image5.jpg]Queensland
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· Preoperative baseline (before onset of cardiac surgery, taken by the anaesthetist during induction of the patient once the arterial line has been inserted): 1–2 mL of EDTA blood (for DNA), 2.5 mL of PAXgene tube blood (for gene expression markers), 1–2 mL of serum. 

· Postoperative at zero hours (in PICU on admission, taken by PICU using the existing arterial line; a central venous line sample is acceptable if no arterial access is present): 2.5 mL of PAXgene tube blood (for gene expression markers), 1–2 mL of serum. 

· Postoperative at 12 hours (in PICU, taken by PICU using the existing arterial line; a central venous line sample is acceptable if no arterial access is present): 1–2 mL of serum. 

· Postoperative at 24 hours, or pre-discharge from PICU, whichever occurs first (in PICU, taken by PICU using the existing arterial line; a central venous line sample is acceptable if no arterial access is present): 1–2 mL of serum. 

Blood Sampling instructions
PAXgene: 2.5 mL, see:

http://www.preanalytix.com/sites/default/files/brochures/PAXgene%20Blood%20RNA%20Tube_How%20to%20collect%20blood.pdf 
· Once the blood has been collected, gently invert the PAXgene Blood RNA tube 8 to 10 times.

· EDTA: at least 1 mL (ideally 2 mL), follow standard institutional sampling instructions.

· Serum: at least 1 mL (ideally 2 mL), follow standard institutional sampling instructions.

Preparation of blood tubes to be taken at each time point

· Study nurse to supply PAXgene, EDTA, and serum tubes.

· Handover of tubes and labels to anaesthetist.

· Handover of tubes and labels to PICU as part of handover checklist. 

· Study flyer/checklist for every patient to ensure correct tubes are taken at correct time point.

· Specific instructions for PAXgene filling (2.5 mL exactly).

· Patient etiquette: contain study number with barcode, label/sticker that is resistant to prolonged -70°C freezing. 

Shipment of blood tubes from collection to lab (same instructions are for each time point)

Samples to be labelled with standard clinical patient labels and shipped immediately upon collection using institutional urgent shipment procedure (i.e. four separate shipments to the lab for every patient) as inflammatory markers rapidly degrade under ambient temperature. The in-house process has to be set up to ensure that shipment is not delayed and the lab will immediately process.

Processing of blood tubes at lab (same instructions are valid for each time point)

PAXgene tubes (2.5 mL): pre-bypass, and time 0:

1. Store the PAXgene Blood RNA tube upright at room temperature (18°C–25ºC) for a minimum of 2 hours and a maximum of 72 hours before processing or transferring to refrigerator (2–8°C) or freezer (−20°C).* 

2. Stand the PAXgene Blood RNA tube upright in a wire rack. Do not freeze tubes upright in a styrofoam tray as this may cause the tubes to crack.

3. The PAXgene Blood RNA tubes must be frozen first at -20ºC for at least 24 hours, then transferred to -70ºC or -80ºC. Samples can remain at -20ºC at LCCH for up to 5 days. The Research Team will collect and transfer samples to -80ºC CCHR storage facility every Tuesday and Friday.

Serum tubes (1–2 mL): pre-bypass, and time 0, 12 h, 24 h:

1 Centrifuge at 1000 g for 15 minutes

2 Aliquot into 5 aliquots (aim for > 200 microlitres each)

3 Freeze at -20°C. Samples can remain in -20ºC at LCCH for up to 5 days. The Research Team will collect and transfer samples to -80ºC CCHR storage facility every Tuesday and Friday.

EDTA tubes (1–2 mL): pre-bypass

· Aliquot into 5 aliquots (aim for > 200 microlitres each). Then freeze at -20ºC. Samples can remain in -20ºC at LCCH for up to 5 days. The Research Team will collect and transfer samples to -80ºC CCHR storage facility every Tuesday and Friday.

The laboratory has to use study labels for PAXgene tubes, and for serum and EDTA aliquots. These labels contain the study ID and barcode.

Study ID definition for labels

· 4 letters: study site (LCCH) – 3 digit number: patient number  (1 to 999 for each site) – 1 digit number: timing (0, pre-op; 1, PICU admission; 2, 12 h; 3, 24 h) – 1 letter: sample type (P, PAXgene; E, EDTA; S, Serum) – 1 digit number: aliquot number (1,2,3,4 etc.)

· Samples must be processed within 30 minutes to avoid degradation of the inflammatory markers.

· For auditing purposes, we request a periodical temperature log.

We will batch transfer frozen samples from CCHR to the biobank. Samples will be transferred at regular intervals for analysis. 

Procedure at University of Queensland / QIMR Berghofer
· Blood samples will be monitored using the same study ID labels.

· Specific procedures for RNA sequencing, DNA isolation, and multiplex serum biomarker testing will be followed and updated depending on the available methodology.

· Please use the following tubes:

· 2.5 mL PAXgene tubes: http://www.preanalytix.com/products/blood/RNA/paxgene-blood-rna-tube
· EDTA tubes: 4 mL Purple top BD Vacutainer (see picture below)

· Serum tubes: 3.5 mL Yellow top BD Vacutainer (see picture below)

B Laboratory instructions 

URGENT PROCESSING  within 30 minutes of blood collection*

Processing of tubes:

1)  PAXgene tube (2.5 mL)

· Store tube upright at room temperature for minimum of 2 hours, up to 24 hours

· De-identify tube using labels provided

· Freeze tube upright in -20°C freezer in a wire rack, located on shelf labelled MICRODIALYSIS CARDIAC STUDY

· Store in -20°C freezer for at least 24 hours

· Twice each week, research team will collect frozen tube for storage at -80°C in CCHR

2)  Serum tube (1–2 mL, Gold top)

· Centrifuge tube at 1000 g for 15 minutes

· Aliquot serum into 5 cryotubes (place 200 µL into each cryotube)

· In the event of inadequate sample volume, equally divide sample into 5 cryotubes

· Label cryotubes with labels provided

· Freeze the cryotubes in -20°C freezer in storage boxes, located on shelf labelled MICRODIALYSIS CARDIAC STUDY

· Twice each week, research team will collect frozen cryotubes for storage at -80°C in CCHR

3)  EDTA tube (1–2 mL Purple top)

· Ensure the EDTA tube is well mixed

· Aliquot the whole blood into 5 cryotubes (place 200 µL into each cryotube)

· In the event of inadequate sample volume, equally divide sample into 5 cryotubes

· Label cryotubes with labels provided

· Freeze the cryotubes in -20°C freezer in storage boxes, located on shelf labelled MICRODIALYSIS CARDIAC STUDY

· Twice each week, research team will collect frozen cryotubes for storage at -80°C in CCHR

             -- ---------------------------------------------------------------------------------------------------------------------------

*Note: Urgent processing of samples is required as inflammatory markers degrade after 30 minutes post-collection.

-------------------------------------------------------------------------------------------------------------------------------

C Causality and Assessment of Severity – Adverse Events

The severity of an Adverse Event will be assessed as follows:

· Mild: Events that require minimal or no treatment and do not interfere with the patient’s daily activities. 
· Moderate: Events that cause sufficient discomfort to interfere with daily activity and/or require a simple dose of medication. 
· Severe: Events that prevent usual daily activity or require complex treatment. 

The relationship of the event to the study intervention will be assessed as follows: 

· Unrelated: There is no association between the study intervention and the reported event. AEs in this category do not have a reasonable temporal relationship to exposure to the test product, or can be explained by a commonly occurring alternative aetiology. 

· Possible: The event could have cause or contributed to the AE. AEs in this category follow a reasonable temporal sequence from the time of exposure to the test product and/or follow a known response pattern to the test article, but could also have been produced by other factors. 

· Probable: The association of the event with the study medication seems likely. AEs in this category follow a reasonable temporal sequence from the time of exposure to the test product and are consistent with the known pharmacological action of the intervention, known or previously reported adverse reactions to the intervention or judgement based on the investigators clinical experience. 

· Definite: The AE is a consequence of administration of the test product. AEs in the category cannot be explained by concurrent illness, progression of disease state or concurrent medication reaction. Such events may be widely documented as having an association with the test product or that they occur after rechallenge.
�
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Figure 2. EphA4-Fc antibody blockade of EphA2/ephrin-A1 signalling inhibits I/R-induced systemic vascular leak of protein into the interstitium, as measured by microdialysis, (##) P < 0.01, (###) P < 0.001 (sham versus I/R); (*) P < 0.05, (**) P < 0.01 (I/R+Fc control versus I/R+EphA4-Fc); n = 6/group. 
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Figure 3: Schematic representation of microdialysis
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