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PROTOCOL SYNOPSIS

	Title
	Risk / benefit evaluation of fluid bolus therapy in the treatment of severely unwell children with suspected infection and cardiovascular compromise in the Paediatric Emergency Department.

	Objective
	Does fluid bolus administration in severely unwell children with suspected infection and cardiovascular compromise increase left ventricular outflow tract velocity-time integral (LVOT VTI). What is the magnitude and duration of this effect. Is fluid bolus administration associated with worsening respiratory status. Is the change in LVOT VTI following fluid bolus administration associated with changes in vital signs. 

	Study Design
	An observational cohort study of severely unwell children with suspected infection who meet pre-determined criteria for cardiovascular compromise who are receiving standardised fluid bolus therapy in the Paediatric Emergency Department. Subjects will be identified by clinical staff as being severely unwell due to suspected infection and meeting clinical criteria of cardiovascular compromise requiring fluid bolus therapy. Prior to administration of the fluid bolus, transthoracic echocardiogram will be performed and baseline LVOT VTI recorded. Lung ultrasound will be performed in 3 pre-defined locations and the number of “B-lines” recorded. Vital signs (heart rate, respiratory rate, systolic blood pressure, and mean blood pressure) will be recorded from the patient monitor. Concious state will be recorded as lasgow Coma Score. Capillary refill time will be performed in a standardised way and, along with respiratory effort, will be video-recorded. A standardised fluid bolus of 20ml/kg of Normal Saline will be administered through an intravenous cannula. Repeat echocardiogram, lung ultrasound, set of vital signs, and video-recording will be performed/recorded at 5, 20, 60 minutes and at 6 hours post fluid bolus administration. Final respiratory status will be recorded at 24 hours (saturations <90% in room air, requirement for non-invasive or invasive ventilation). Verbal consent will be obtained prior to patient enrolment, and written informed consent will be obtained at the closest reasonable time to fluid bolus administration. Echocardiographic recordings and video-recordings will be coded and measured / scored in a blinded fashion. Respiratory effort will be scored using a validated tool, and conscious state will be recorded as Glasgow Coma Score. Analysis will include calculation of overall median percentage change in LVOT VTI following fluid bolus therapy and standard deviation. This will be stratified according to volume of fluid previously administered (nil, 20ml/kg, 40ml/kg, >40ml/kg), and median change in LVOT VTI will be plotted against total volume of fluid bolus therapy administered. Percentage change in LVOT VTI will be plotted over time and median duration of effect calculated. Pearson correlation co-efficient will be used to determine the correlation between total volume of bolus fluid administered and change in vital signs (heart rate, blood pressure, and capillary refill) as well as the correlation between total volume of fluid administered and change in respiratory status (percentage change in respiratory rate, work of breathing, saturations <90% in room air, and requirement for non-invasive or invasive ventilation). Pearson correlation co-efficient will also be used to determine the correlation between change in LVOT VTI following fluid bolus therapy and vital signs, as well as the correlation between change in LVOT VTI following fluid bolus therapy and respiratory status at 24 hours.  Whether total volume of fluid bolus therapy administered or a poor response to fluid bolus therapy is correlated more strongly with respiratory status at 24 hours will be determined. 

	Research Questions
	Primary:

Does fluid bolus administration in severely unwell children with suspected infection and signs of cardiovascular compromise increase LVOT VTI? What is the magnitude and duration of this effect?
Secondary:

Is fluid bolus administration in severely unwell children with suspected infection and signs of cardiovascular compromise associated with clinically significant respiratory deterioration?

Do changes in vital signs reflect changes in LVOT VTI volume following fluid bolus administration in severely unwell children with suspected infection and cardiovascular compromise? 

	Study Duration
	4 years

	Number of Subjects
	50

	Population
	Severely unwell children with suspected infection and cardiovascular compromise requiring fluid bolus therapy who present to the Paediatric Emergency Department.


GLOSSARY OF ABBREVIATIONS

	ABBREVIATION
	TERM

	HR
	Heart rate

	BP
	Blood pressure

	CR
	Capillary refill

	CO
	Cardiac output

	ED
	Emergency Department

	LVOT
	Left ventricular outflow tract

	VTI
	Velocity-time integral


1. INVESTIGATORS AND FACILITIES

1.1 Study Location/s 
Emergency Department Royal Children’s Hospital Flemington Road Parkville 3052.

1.2 Study Management 

The study will be conducted as part of a higher degree. The principal investigator will be supervised by Professor Trevor Duke and Associate Professor Franz Babl. Associate Professor Ed Oakley, Dr Graham Maclaren, and Professor Rinaldo Bellomo will act as advisors. The principal investigator will take responsibility for patient recruitment, for clinical assessment and measurements, for data collection and analysis, and for maintenance of study documentation. 
1.2.1 Principal Investigator
Dr Elliot Long

Emergency Department

The Royal Children’s Hospital

Parkville, Vic 3052

(03) 9345-7901

Elliot.long@rch.org.au

1.2.2 Statistician

Associate Professor Susan Donath

Clinical Epidemiology and Biostatistics Unit

Murdoch Children’s Research Institute

Flemington Road, Parkville 3052

(03) 9345 4742

Susan.donath@mcri.edu.au

1.3 Sponsor

This study will be undertaken as part of a higher degree through the University of Melbourne Department of Paediatrics.

1.4 Funding and resources

This study is unfunded but will use some resources provided through the Department of Emergency Medicine at The Royal Children’s Hospital (photocopying, computer access, use of ultrasound machine). 
2. INTRODUCTION AND BACKGROUND

2.1  
Background Information

Severe sepsis and septic shock remain significant problems worldwide. The mortality rate for septic shock in developed countries is around 10%1()
, and in developing countries, around 20%2()
. Childhood mortality from septic shock is currently >42 000 cases per year in the United States1()
, and 8.8 million worldwide3()
. 

Over a decade ago, early critical care delivered in the emergency department was shown to reduce mortality in adult septic shock. This was termed early goal directed therapy (EGDT)4()
.  The tenets of EGDT were: early case identification and antibiotic administration, titrating fluid bolus therapy to central venous pressure (CVP), titrating vasopressor administration to mean arterial blood pressure (MAP), and administering packed red-blood cells for central venous oxygen saturations (ScvO2) <70. Fluid resuscitation was the initial step in the management of septic shock. Central venous pressure, against which fluid resuscitation was titrated, was subsequently shown to be a poor marker of volume status and volume responsiveness5()
. Many adult studies have subsequently attempted to determine how best to titrate fluids to the individual patient in septic shock6()
,7()
,8()
. In children, fluid resuscitation is not as well studied, but remains the cornerstone of therapy for children with clinical features of infection and poor perfusion. There are no data in such children on the effect of fluid bolus resuscitation on cardiac output, organ perfusion, or physiological outcomes. Somewhat alarmingly, potential harms from overzealous fluid administration have become apparent. An imperative therefore exists to closely scrutinize the use of fluid bolus therapy in paediatric septic shock. This includes the effects of fluid bolus administration on cardiac output, the effects of fluid bolus therapy on physiological parameters, and the potential harms from overzealous fluid administration in the early management of severely unwell children with clinical features of infection and cardiovascular compromise. 

No published study has reported the effect of fluid bolus administration on cardiac output in children with clinical features of infection and poor perfusion during their initial resuscitation.  There have been some studies in the general Paediatric ICU population. In a study of preload responsiveness, Lukito et al found a median increase in cardiac index immediately following the administration of 10 ml/kg normal saline from 2.93 to 3.45  L/min/m2 9()
. Half of the children receiving the fluid challenge had an increase in cardiac index above the predetermined threshold of 10% and were deemed “fluid responders”. In adult patients, three studies have been performed examining the effect of fluid bolus administration on cardiac output in ICU patients with septic shock. In a blinded study by Fang et al, boluses of 5 ml/kg of normal saline resulted in a statistically significant increase in mean cardiac output at 120 minutes (from 3.17 L/min to 3.75 L/min)10


( ADDIN EN.CITE )
. In an unblinded study by Friedman et al, adults with septic shock received 400ml of 4% albumin over 40 minutes. There was no change in mean cardiac index (CI) over the next 160 minutes (3.8 +/- 0.8 L/min/m2)11()
. In a study by Axler et al, patients receiving fluid challenges of 500ml normal saline had no significant increase in cardiac index (4.3 +/- 1.7 to 4.6 +/- 1.8 L/min/m2)12()
. This is perhaps explained by the finding that only half of the fluid boluses administered in haemodynamically unstable adults in the ICU setting resulted in an increase in cardiac output above threshold values13()
. No studies in adults have been performed in the Emergency Department setting, where patients are fluid naïve, looking at the effect of fluid bolus administration on cardiac output for septic shock. 

Current paediatric sepsis guidelines recommend titrating fluid bolus therapy to normalizing heart rate, blood pressure, and capillary refill14


( ADDIN EN.CITE )
. It is unknown, however, whether fluid bolus administration has any effect on these clinical parameters in children with clinical features of infection and poor perfusion. No studies in such children have reported changes in vital signs following the administration of a fluid bolus. In hypotensive adults in septic shock, no change in blood pressure was observed over the first 6 hours of therapy, despite fluid loading and vasopressor therapy (Lipcsey M in press). Over the same time period, heart rate was observed to decrease from a median of 107 +/-27 to 92 +/- 22 beats per minute. There was a poor association between the volume of bolus fluid administered and reduction in heart rate. Capillary refill (CR), though subjective and prone to confounding, is the only non-invasive marker of tissue (skin) perfusion. It is unclear if CR changes in response to fluid bolus administration and can be used to guide fluid therapy.

Clearly, in the management of children with suspected infections and ongoing haemodynamic instability, there comes a point where continued fluid bolus administration becomes harmful. Fluid cannot be administered ad infinitum. The point where potential harms from fluid bolus administration outweigh any potential benefits is unclear. Whether this point differs between individuals and disease states is also unclear.  Patients with a primary respiratory infection and poor perfusion may be at a higher risk of developing complications from fluid administration. Some patients may develop complications of fluid bolus administration after small volumes are infused, others after large volumes. It is unclear how, in the individual patient, to monitor for the development of these complications and whether withholding fluid bolus therapy in the individuals with early signs of complications improves outcome. Paediatric sepsis guidelines suggest administering fluid boluses “until hepatomegaly or rales develop”14


( ADDIN EN.CITE )
. Emerging evidence for harm from overzealous fluid resuscitation may make this a harmful practice. A randomized study in African children found increased mortality in those treated with fluid bolus therapy compared to controls receiving maintenance fluid only15


( ADDIN EN.CITE )
. In the general PICU population, fluid overload was independently associated with longer duration of ventilation when corrected for severity of illness 16


( ADDIN EN.CITE )
. Adult studies have shown increased mortality with more positive fluid balance early in resuscitation17()
. Overzealous fluid management seems to be particularly associated with Acute Lung Injury and the development of Acute Respiratory Distress Syndrome 18


( ADDIN EN.CITE , 19)
. It remains unclear if there is a threshold value for change in cardiac output following fluid bolus administration which would predict harm from further fluid bolus administration. 

One of the recognized complications of overzealous fluid bolus administration is respiratory compromise. Respiratory compromise is thought to develop due to the accumulation of extravascular lung water, which reduces lung compliance and impairs gas exchange. This may be more likely to occur in patients whose cardiac output does not increase significantly following fluid bolus administration. Lung ultrasound has been shown to be a sensitive and specific marker of extravascular lung water when compared to quantitative computed tomography (Baldi ICM 2013), and has been incorporated into the Fluid Administration Limited by Lung Sonography (FALLS) protocol (Lichtenstein J Crit Care 2012). The utility of lung ultrasound as an early marker of harm from fluid bolus administration has not previously been evaluated in children.
2.2 
Research Question 
The primary research question is:

Does fluid bolus administration in severely unwell children with suspected infection and signs of cardiovascular compromise increase LVOT VTI? What is the magnitude and duration of this effect?

The secondary research questions are:
Is fluid bolus administration in severely unwell children with suspected infection and signs of cardiovascular compromise associated with clinically significant respiratory deterioration?

Do changes in vital signs reflect changes in LVOT VTI volume following fluid bolus administration in severely unwell children with suspected infection and cardiovascular compromise? 

2.3  
Rationale for Current Study
Many areas of uncertainty exist in the early fluid resuscitation of severely unwell children with suspected infection and cardiovascular compromise. Current teaching and practice may be causing harm. This study will attempt to address several of these areas of uncertainty and address the risks and benefits of fluid bolus administration in this patient group.
3. STUDY OBJECTIVES

3.1 Primary Objective
The primary objective of this study is to determine whether fluid bolus administration in severely unwell children with suspected infection and signs of cardiovascular compromise increases LVOT VTI? What is the magnitude and duration of this effect?
3.2 Secondary Objectives
The secondary objectives of this study are to determine whether fluid bolus administration in severely unwell children with suspected infection and signs of cardiovascular compromise is associated with clinically significant respiratory deterioration, and whether changes in vital signs reflect changes in LVOT VTI following fluid bolus administration.
4. STUDY DESIGN

4.1 Type of Study
A prospective observational cohort study. Patient management will not be influenced by enrolment in the study. The study will include severely unwell children with suspected infection and cardiovascular compromise who are receiving fluid bolus therapy in the Emergency Department of The Royal Children’s Hospital. For statistical purposes the study will aim to recruit 50 patients, and will take an estimated 4 years to complete.
4.2 Study design diagram






4.3 Number of subjects
The study will aim to recruit 50 subjects. 

4.4 Expected duration of study
Based on an audit of current Emergency Department presentations with suspected infection and cardiovascular compromise (~50 per 6 months), and allowing for some missed patients due to primary researcher unavailability, the study duration is estimated to be 4 years. 

4.5 Primary and secondary outcome measures
The primary outcome measure is: “does fluid bolus administration in severely unwell children with suspected infection and signs of cardiovascular compromise increase LVOT VTI? What is the magnitude and duration of this effect”.
The secondary outcome measures are:” is fluid bolus administration in severely unwell children with suspected infection and signs of cardiovascular compromise associated with clinically significant respiratory deterioration”, and “do changes in vital signs reflect changes in LVOT VTI following fluid bolus administration in severely unwell children with suspected infection and cardiovascular compromise? “
5. RECRUITMENT
5.1 Recruitment
Subjects will be recruited in the Emergency Department of the Royal Children’s Hospital. Subjects will go through the normal triage process. Those identified as having a suspected infection (central temperature >38 degrees Celsius or <36 degrees Celsius) with signs of cardiovascular instability (tachycardia: temperature corrected heart rate >2 standard deviations for age, hypotension as defined by international consensus guidelines, prolonged or flash capillary refill) will be notified to the PI. The patient will be allocated a treating physician. The PI will confer with the treating physician to determine if fluid bolus therapy is likely to be administered, and if the subject is suitable for enrolment. The study will not influence the clinical decision to give or not to give fluid therapy. The volume and composition of fluid administered will be standardised in keeping with hospital guidelines (20ml/kg of Normal Saline). Baseline vital signs, echocardiogram, lung ultrasound, and video recording of capillary refill / respiratory distress will be performed after verbal consent is obtained. This will involve reading a scripted information statement to the parent / patient. The parents / parents and child will be informed that more detail regarding the study will be provided and written informed consent will be obtained once the child is clinically stable. The child will be regarded as clinically stable once their vital signs are within the normal range for age without the need for ongoing resuscitative measures. The parent / parent and child will be informed prior to written informed consent being obtained that any data collected will be deleted should they refuse to participate in the study, and that study participation or non-participation will not influence the care of their child in any way. The study will not cause undue delays in treatment of the subjects. For subjects receiving more than one fluid bolus, each new fluid bolus will be treated as a new “event”, and the volume of fluid administered prior to each new “event” will be recorded.
5.2
Eligibility criteria
5.2.1 Inclusion Criteria
Subjects will be eligible for inclusion in the study if clinical staff suspect infection, the patient has cardiovascular compromise, and the treating clinician has decided to give a standardised fluid bolus. Suspected infection will be defined as temperature >38 degrees Celsius or <36 degrees Celsius. Cardiovascular compromise will be defined as tachycardia (temperature corrected heart rate >2 standard deviations for age), hypotension (from international consensus guidelines), and prolonged or “flash” capillary refill (>3 seconds or <1 second). Standardised fluid bolus will be defined as 20ml/kg of Normal Saline. All age groups will be included.
5.2.2 Exclusion Criteria
Patients with underlying structural cardiac disease, and those in whom true informed consent in English cannot be obtained, and those whose goals of therapy are not curative will be excluded. 
5.2 Consent
The consent process is complicated by two competing demands. The initial “baseline” data obtained for the study needs to occur before the first fluid bolus is administered. During this initial period of resuscitation, both parents and children are vulnerable. Anxiety, discomfort, and fear may all contribute to this vulnerability. As such, a 2 staged consent process has been designed, with initial verbal consent followed by renegotiation of consent with formal written informed consent. This 2-staged consent process allows for initial data collection to occur and also allows parents / patients to renegotiate their participation when they are at a less vulnerable stage of their treatment. Initial verbal consent will be obtained using the following script: “You / your child are / is thought to have a serious infection and will be receiving fluid through an intravenous drip. We currently do not know how much fluid to give in this circumstance, and are performing a study to help make this decision. The study involves performing an ultrasound of you / your child’s heart, and a video-recording of your / his / her breathing. Both of these procedures are not painful and will not interfere with your / his/ her routine care. I will explain to you in more detail the purpose of the study after the fluid has been administered. If you do not want to participate in the study, your care / the care your child will receive will not change in any way. Do you have any questions?  Are you happy for us to proceed with the study at this point?”. A study flyer will be provided at this point. Written informed consent will be obtained between 5 and 20 minutes after fluid bolus administration. If possible written informed consent will be obtained while intravenous access is being obtained. In the event that, upon re-negotiation of consent, the patient / guardian withdraws consent for participation in the study, all information gathered for study purposes (echocardiogram / video recordings) will be destroyed. Verbal and written consent will be obtained by the PI. Parents or legally acceptable representatives will be provided with a Study Information / Consent form. Where possible, consent will also be obtained from the research subject him/herself. The consent procedure will disclose all relevant information to prospective subjects and/or their legally acceptable representatives, will ensure comprehension of the information provided, and will encourage voluntary agreement by the subject, free from coercion.
5.3 Selection procedure 

The cohort of patients selected will include all of those meeting inclusion criteria during hours when the Principal Investigator is available. The Principal Investigator will inform clinical staff of availability and provide a contact number. 

5.5
Subject withdrawal
5.5.1
Reasons for withdrawal

Subjects will be withdrawn from the study if parents / patient does not consent to collected data being used for study purposed. All subjects will be withdrawn from the study if the study is terminated. Subjects will also be free to withdraw from the study at any time upon their request or the request of their legally acceptable representative.    

5.5.2
Handling of withdrawals

Withdrawn subjects will have all of their relevant clinical information recorded up to the point of withdrawal. This information will be included in data analysis. Any data collected for study purposes only (echocardiogram / video recordings) will be destroyed. The reason for withdrawal will be recorded on their CRF.
5.5.3
Replacements

Subjects withdrawn from the study will be replaced by further recruitment to maintain the required sample size.

5.6
Study closure

The study may be extended in order to reach the required sample size. Clinical staff involved in patient recruitment will be informed upon termination of the study. 
6. STUDY VISITS AND PROCEDURES SCHEDULE
	Procedures
	Pre fluid bolus
	5, 20, 60 minutes, and 6 hours post fluid bolus 

	Clinical parameters: HR, BP, RR, temperature.
	X
	X

	Video recording respiratory effort, capillary refill
	X
	X

	Echocardiogram
	X
	X

	Lung ultrasound
	X
	X


7. CLINICAL AND LABORATORY ASSESSMENTS   - METHODOLOGY
Clinical parameters will be recorded from the patient monitor. Heart rate will be recorded in beats per minute (bpm), blood pressure as systolic (SBP) and mean arterial blood pressure (MAP) measured in mmHg, respiratory rate as breaths per minute. Blood pressure will be measured using an automated blood pressure cuff (DYNAMAP), with the cuff length being 2/3 the length of the upper arm. Two standardised video-recordings will be performed at each of the data collection time-points using a hand-held recording device for a period of 5 seconds. The camera frame will include a 5x5cm area of the R lower chest and the sternum. The patients face will not be recorded. Every effort will be made to maintain patient dignity during the video-recording, including ensuring privacy, exposing only areas required for study purposes, and limiting this exposure for the short time required for video-recording. Patients will be aware when video-recording is taking place. The principal investigator will perform all video-recordings. Capillary refill will be video-recorded by applying sternal pressure for 5 seconds and then releasing. Work of breathing will also be video recorded with an exposed R lower chest which will not involve exposing the breast. All video recordings will be coded, and scored in a blinded fashion. Temperature will be measured centrally (PR for age <1 month, axillary for age <1 year, and tympanic for age >1 year) and recorded in degrees celcius. 
Lung ultrasound will be performed using a linear array probe set at 5 cm depth, the PI will obtain 3 lung ultrasound views as described in the Fluid Administration Limited by Lung Sonography (FALLS) protocol. The first view will be in the second intercostal space, mid clavicular line, the second in the fifth intercostal space, anterior axillary line, and the third in the fifth intercostal space, posterior axillary line. The lung ultrasounds will be recorded, coded and analysed in a blinded fashion by the PI.
Echocardiography will be performed by the Principal Investigator. This procedure does not constitute universal routine patient care (though clinicians trained in its use may use it during routine patient care). Using a phased array (cardiac) transducer, an apical 5 chamber view of the heart will be obtained and the left-ventricular outflow tract visualised. A pulsed doppler signal will be gated at the level of the aortic valve, and the velocity-time integral (VTI) calculated. Correct positioning of the gate will be confirmed by the presence of an aortic valve closing click on the pulsed-wave doppler trace. The mean VTI over three respiratory cycles will be recorded as the final measurement. The stroke volume will be calculated from the above values. All echocardiograms will be coded, and analysed in a blinded fashion by the PI. The initial 10 echocardiograms will be reviewed by a Paediatric Cardiologist to ensure validity of results. 
In the event that lung ultrasound or echocardiogram reveals an unexpected incidental finding, the PI will inform the parents / parent and child and arrange appropriate follow-up.

The PI will not have any data available at the time of patient encounter that might influence the decision to give or not to give intravenous fluid. All data analysis will be performed in a batched, coded, and blinded fashion at a time distant to the patient encounter. It is therefore not possible to the PI to influence the clinical care of the patient.
8. REPORTING ADVERSE EVENTS 

8.1 Definitions
Adverse Event: any untoward medical occurrence in a patient enrolled into this study regardless of its causal relationship to study procedures.


Serious adverse event: any event that: results in death, is immediately life-threatening, requires inpatient hospitalisation, requires prolongation of existing hospitalisation, or results in persistent or significant disability / incapacity. 

Suspected unexpected serious adverse reaction: any serious adverse event that is both suspected to be related to the study and is unexpected.

8.2 Eliciting Adverse Event Information
Adverse events will be recorded from the time of enrolment for 28 days.
8.3 Assessment and Documentation of Adverse Events 
For the purposes of this study the PI is responsible for recording all adverse events, regardless of their relationship with the study. Adverse events that will be recorded are: death, intubation, renal replacement therapy, ECMO. As an observational study, it is not anticipated that any adverse events will be related to study interventions. Study findings that are not part of routine clinical care will not be used in clinical decision making.

8.4 Serious Adverse Event Reporting

8.4.1 SAEs
Any SAE occurring in a study participant will be reported to the RCH HREC within 24 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 the PI.

8.4.2 SUSARs
The study does not involve the use of a drug or device, therefore no SUSAR’s are expected.
9. STATISTICAL METHODS

9.1 Sample size estimation
There is very little a priori data available in children with suspected infection and cardiovascular compromise to guide the sample size estimation. It is unknown what the effect size of fluid bolus administration is in this patient group. There is likely to be considerable variability in effect size both between individuals, and within the same individual receiving multiple fluid boluses. It is also unclear what constitutes a clinically important change in LVOT VTI in response to fluid bolus administration. In particular, the change in LVOT VTI below which adverse respiratory effects might result is unknown. Limited and heterogeneous adult studies use different and arbitrary definitions of clinically important change in LVOT VTI following fluid bolus therapy, and have not based the threshold increase in LVOT VTI on any potential harms from fluid bolus administration. 
For a precision based sample size estimation based on the continuous outcome variable of change in LVOT VTI following a standardised fluid bolus, the following assumptions have been made: a median increase in LVOT VTI of 20% following fluid bolus administration, with a standard deviation of 10%, precision of the study tool of +/- 2%. For a precision estimate of 5%, a sample size of >50 would be required. A sample size of >50 would also allow for regression analysis of several suspected confounding variables, including age, underlying illness aetiology (respiratory / non-respiratory), and total volume of bolus fluid previously administered (nil, 20ml/kg, 40ml/kg).
To validate the above assumptions, the study will involve an interim analysis after 10 patients have been recruited. From this limited data, the precision of the tool used to measure LVOT VTI will be estimated, the median change in LVOT VTI following fluid bolus administration and standard deviation will be calculated. The total number of patients needed to recruit will be revised following this interim analysis. All echocardiogram’s will be analysed by the PI. Due to the small number of echocardiogram’s involved in the interim analysis, a Cardiology consultant (Dr Bennett Sheridan) will also analyse the echocardiogram’s from the initial 10 patients in a blinded fashion.
9.2 Population to be analysed
The population to be analysed are subjects presenting the Paediatric Emergency Department with suspected infection and cardiovascular instability in whom the requirement for intravenous fluid bolus administration is anticipated. Subjects identified who consent to participate in the study will be the “intention to treat” (ITT) population. The group of subjects who actually receive an intravenous fluid bolus will be the “all-treated population”. Subjects who receive a fluid bolus and in whom it is possible to obtain all physiological and ultrasound data will form the “per protocol population”. Analysis will take place using the per protocol population, with a feasibility analysis taking place on the “all-treated population”.
9.3 Statistical analysis plan
Change in LVOT VTI following fluid bolus will be calculated as an overall median value plus interquartile range (IQR). The median change in LVOT VTI will be analysed based on total prior volume of bolus fluid administered (0- 20 ml/kg, 21-40 ml/kg, 41-60 ml/kg, >60ml/kg).  






EFFECT SIZE





Participants receiving more than one fluid bolus will be plotted as change in LVOT VTI versus total volume of fluid administered.


EFFECT SIZE WITH INCREASED FLUID ADMINISTRATION




Change in heart rate and mean arterial blood pressure will be plotted against change in cardiac index. 




The association between total volume of fluid administered and worsening respiratory status (increased respiratory rate, oxygen saturations <90%, worsening respiratory distress score, NIV/IV) will be assessed using Pearson correlation coefficient.  The association between poor response to fluid bolus administration (small ∆LVOT VTI) and change in respiratory status will be assessed using Pearson correlation coefficient. 






Regression analysis will be used to see if age, underlying illness, total volume of bolus fluid administered, or response to fluid bolus administration (∆VTI) are independent risk factors for respiratory complications.
Odds of respiratory complications will be calculated for different cut-off values for ∆VTI following fluid bolus administration to determine if a cut-off value exists where potential harms from fluid bolus administration outweigh potential benefits. 

The correlation between EVLW (as measured by lung ultrasound) and respiratory complications will be evaluated using Pearson’s Correlation Co-efficient.
9.4 Interim analyses 
Recorded echocardiographic data will be analysed following the recruitment of 10 participants. The precision of the echocardiogram as a tool for measuring LVOT VTI, and the median change in LVOT VTI with standard deviation will be calculated from this small sample. This data will be used to confirm or refute the assumptions made in calculating the initial sample size, and sample size calculation revised if necessary. In addition to analysis by the PI, a Cardiology Consultant will review all echo’s included in the interim analysis in a blinded fashion. Recorded data from the remainder of the study will be coded and analysed in a blinded fashion.
10. DATA HANDLING
10.1
Records to be kept / Data Collection 
All data used in the study will be recorded prospectively on the case report forms (CRF’s). Data will be entered by the PI at the time of subject encounter, and subsequently transferred into the study database.  Records from patients initially thought to have sepsis but later diagnosed as another aetiology will be included in the study for analysis.
10.2
Data Management / Quality control
Completed CRF’s will be checked for completeness by the PI. Original CRF’s will be used when entering information into the computer database. The database will be checked against the CRF’s for accuracy. No investigation of the data will begin until an accurate database has been assured. The PI will be responsible for coding data. The key to the code will be safe-guarded by the PI. Only the PI will have access to the database. All patient information will be de-identified upon transfer to the database.

10.3
Study Record Retention
All study data will be kept until the 25th birthday of the youngest participant in accordance with the requirements of the Therapeutic Goods Administration and Health Privacy Principals. CRF’s will be kept in a locked storage facility and destroyed at the end of the archival period. The electronic database will be accessible only to the PI. Video recordings will be kept on a password-protected external hard drive, and will be deleted from solid-state storage at the end of the archival period.
11. ADMINISTRATIVE ASPECTS

11.1 Confidentiality
Subject confidentiality will be strictly held in trust by the participating investigators, research staff, and the sponsoring institution and their agents. This confidentiality is extended to cover the clinical information relating to participating subjects. 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, clinical records for the subjects in this study. The clinical study site will permit access to such records. All CRF’s that leave the site will be identified only by the Subject Identification Number (SIA) to maintain subject confidentiality. Clinical information will not be released without written permission of the subject, except as necessary for monitoring by HREC or regulatory agencies.
11.2 Independent HREC Approval
This protocol and the informed consent document and any subsequent modifications will be reviewed and approved by the 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 subject to HREC review
11.3
Modifications of 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 participant’s 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
11.4
Protocol Deviations 
All protocol deviations must be recorded in the source document (CRF) and must be reported to the PI. Protocol deviations will be assessed for significance by the PI. Those deviations deemed to have a potential impact on the integrity of the study results, subjects safety or the ethical acceptability of the study will be reported to the HREC. Where deviations to the protocol identify issues for protocol review, the protocol will be amended as per section 11.2
11.5
Financial Disclosure and obligations
The research staff will declare any conflicts of interest or financial interest related to the study in accordance to the relevant policies of the sponsoring institutions.

12. USE OF DATA AND PUBLICATIONS POLICY
The PI will be responsible for publication of the study results. Written approval by the PI and sponsoring institution will be required before information can be used or passed on to a third party. Results will be published in a peer-reviewed journal and submitted to The University of Melbourne as a PhD Thesis.
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 APPENDIX A: Frank-Starling curve and Marrick-Phillips curve 
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SV: Stroke Volume

CO: cardiac Output

EVLW: Extra-vascular Lung Water

APPENDIX B: Project Case Report Form













Fluids in Sepsis


CRF 1- Investigator’s Report


Enrolment # 	□ □ □





Patient Identification:


Suspected infection, CVS compromise, requiring fluid bolus





Informed Consent





↓





Patient Enrolment:


Document vital signs, film CR / respiratory distress / conscious state, echocardiogram, lung ultrasound.





Intervention:


Fluid Bolus





↓





Outcome:


Document vital signs, film CR / respiratory distress / conscious state, perform echocardiogram and lung ultrasound at 5, 20, and 60 minutes and 6 hours.


Document respiratory outcome at 24 hours





Patient Information


Age:  				Sex:


Weight:			


Respiratory illness	□  yes		□  no


Aortic annulus diameter: _______________cm





Inclusion Criteria


□	Suspected Infection


□	Requiring fluid bolus


Exclusion Criteria


□	Congenital cardiac disease


□	Severely unwell





Pre Fluid Bolus		Total Previous Volume Administered:


HR	RR		CR		SpO2		SBP 		MAP			A  V  P  U


VTI	1				2				3			Mean		


B-lines	1				2				3			SV














5 minutes post fluid bolus		Volume:			Content:


HR	RR		CR		SpO2		SBP		MAP			A  V  P  U	


VTI	1				2				3			Mean		


B-lines	1				2				3			SV











20 minutes post fluid bolus


HR	RR		CR		SpO2		SBP		MAP			A  V  P  U	


VTI	1				2				3			Mean	


B-lines	1				2				3			SV











Patient Identification Sticker











Total Volume of Fluid Administered





∆VTI  last fluid bolus





Respiratory Complications 





 Respiratory Complications 





∆VTI





∆VTI





%∆HR





 %∆MAP





Total Volume of Bolus Fluid (ml/kg)





10     20      30     40      50     60





∆VTI





post





pre





Pre





Post





VTI





VTI





  >60 40-60  20-40  10-20  0 





60 minutes post fluid bolus


HR	RR		CR		SpO2		SBP		MAP			A  V  P  U	


VTI	1				2				3			Mean


B-lines	1				2				3			SV


		

















6 hours post fluid bolus


HR	RR		CR		SpO2		SBP		MAP			A  V  P  U


VTI	1				2				3			Mean


B-lines	1				2				3			SV
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