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Trial Summary
The Compressive Redistribution Air Blanket (CRAB) is a recent invention with a primary aim of treating adrenaline resistant anaphylactic shock.   Improved understanding of adrenaline resistant anaphylactic shock suggests the primary cause of hypotension is the venodilation, not vasodilation. Venodilation decreases Central Venous Pressure (CVP) resulting in poor cardiac filling and poor cardiac output. Adrenaline is a potent vasoconstrictor but does not significantly effect venodilation.  When the CRAB is inflated to the pressures of just 20-40cm H2O the venous system in the abdomen and legs will be compressed and it is believed this will increase the central venous pressure, increase venous return to heart and restore blood pressure.
This is a phase 1 clinical trial.  The objective is to document the comfort / safety of the CRAB and find the relationship between CRAB Pressure and rise in CVP. In addition, it will be compared to current standard of care which increase CVP, the straight leg raise and Trendelenburg position.
Twenty healthy volunteers will arrive fasted on the day of the study and have a midline line catheter inserted under ultrasound guidance in an arm vein to monitor the central venous pressure.  A series of 2 minute inflations  at 10,20,30 and 40 cmH2O and deflations will be monitored with CVP, ECG, BP & SaO2, and an assessment of comfort after each inflation. The protocol will be repeated after food, drink and IV hydration. 
	2 Rationale / Background


Background:

The Compressive Redistribution Air Blanket (CRAB) is a recent invention, developed in Western Australia by Coco Industries Pty Ltd and Dr Chris Mitchell. It is an inflatable blanket, which is positioned over the abdomen and legs of the patient and is held in position by straps passing under the table.  The air blanket is inflated by an electric air pump which has internal pressure monitoring and feedback loops to ensure rapid and precise blanket pressures.  The blanket evenly compresses the abdomen and legs to physically squeeze the venous blood of the lower body to the upper body, increasing CVP and preload.

Cardiac output is determined by cardiovascular variables preload, contractility, heart rate and afterload. If the other cardiac variable remained the same, increasing preload will increase cardiac output.  However, complex feedback loops control all the cardiac variables and there are no simple relationships between the variables. When in a normovolaemic state, the feedback loops are very effective at keeping BP stable.  
Preload is determined by CVP, atrial contractility, ventricular compliance, heart rate and afterload. CVP is our most useful clinical measure of Preload.  CVP can be measured using an intravenous line with its tip in a central venous vessel and connected to a pressure transducer.  Common examples are Central Venous Lines (CVL) inserted in the neck, and Peripherally inserted central catheter (PICC) and Long or Mid Lines inserted into an arm vein.  

Currently there are limited medical methods to increase CVP.  The options are increasing the intravascular volume by administering Intravenous (IV) fluids, elevating the legs, or tilting the table into the Trendelenburg position. In clinical practice delivering IV fluid has the most utility but it has several problems. Delivering IV fluids is generally slow, being dependent on the size of the intravenous access and pressure of the system delivering the fluid.  When any solutions other than blood are administered, a significant proportion of the delivered volume is distributed to interstitial fluid, limiting the intravascular volume expansion.  Finally, administered fluid cannot be rapidly removed, being dependent on renal function for the excretion. Elevation of the legs is effective at raising CVP, but only a limited volume of blood is redistributed with this technique.  Tilting of the table has limited additional effect as the organs with most of the venous blood, the liver and spleen, are close to the heart so are not significantly raised above the heart with tilt.  

Currently we have drugs which significantly decrease preload (e.g. GTN which causes venodilation) but do not have a drug that significantly increases preload.  Alpha agonists (e.g. metaraminol, adrenaline) do have a mild effect: by redistributing arterial blood into the venous circulation, raising mean capillary filling pressure and also have a direct action on the alpha receptors in the venous vascular smooth muscle.  However the measured effect of drugs raising the CVP is minimal.

There are many medical conditions, which would be better managed with improved control of preload.

Anaphylaxis is the best example.  Worldwide, approximately 1 in 10,000 patients having an anaesthetic will have an anaphylactic reaction. The most common drugs causing anaesthetic anaphylaxis are muscles relaxants and antibiotics, which are administered at the start of the procedure. The anaphylactic drug causes mast cells to release histamine which has dose dependant effects on the cardiovascular system.  The most significant changes being arterial and venous dilation.  The arterial dilation decreases the afterload which decreases the blood pressure for any given cardiac output.  More significantly in the severe cases, the venous dilation results in pooling of blood in the venous circulation, leading to decreased CVP. The result is a smaller driving pressure to return the blood to the heart. A decrease in preload which results in poor filling of the heart and a decrease in cardiac output.  Approximately 25% of acute allergic reactions in anaesthesia will be severe reactions (grade IV), requiring cardiopulmonary resuscitation (CPR) to maintain blood pressure.  Anaesthetic anaphylactic reactions are associated with a 3-8% mortality rate and 10-15% rate of morbidity.  (Mertes, 2016)
The current management of anaphylaxis is the administration of adrenaline, IV fluids, CPR and time. 

1. Adrenaline

Adrenaline has multiple roles. Adrenaline stabilises the mast cells and decreases the amount of histamine released.  As the signs and symptoms of anaphylaxis are dependant on the amount of histamine released, this may limit the severity.  The major effect of adrenaline is thought to be due to the increase in afterload and hence increasing the BP during the period of decreased cardiac output.  Adrenaline also increases HR and myocardial contractility, which may not be essential as the histamine released from the mast cells during anaphylaxis has a similar direct effect on the heart by via myocardial histamine receptors. Histamine also has an indirectly effect on the heart by causing the release of endogenous catecholamines. Excessive adrenaline is sometimes harmful, as overstimulation on an empty heart can cause left ventricular outflow obstruction via systolic anterior motion (SAM) of the mitral valve (Clarke, 2011) and is a risk factor for takotsubo cardiomyopathy. Unfortunately, adrenaline does not cause significant venoconstriction so does not increase CVP, preload and may not restore cardiac output. For severe cases which are not responsive to adrenaline additional use of alpha agonist and vasopressin are advised, but the efficacy of these additional drugs is unclear.

2. IV Fluids

Large volumes of IV fluid are required to achieve an adequate preload in order to restore an adequate cardiac output. Increasing evidence has revealed that up to six litres of crystalloid may be required to fill the dilated veins and replace fluid lost to the interstitial space during severe anaphylaxis  (Sadlier, 2018) .  Gaining adequate IV access and administering this volume of fluid is difficult to achieve in a time appropriate manner.  Tissue oedema after anaphylaxis is a common short-term complication.

3. CPR

CPR has proven to be very successful at restoring cardiac output.  There is a significantly higher success rate for CPR when the cause of the cardiovascular collapse is anaphylaxis compared to other causes like cardiac arrhythmias.  This is probably because CPR for anaphylaxis does not achieve cardiac output by squeezing blood out of the heart as it does in cardiac arrest.  In anaphylaxis the heart is empty due to low preload, and already has a high HR and contractility due to the histamine, endogenous catecholamines and additional adrenaline. It is likely that CPR is acting as a negative pressure pump, sucking blood back into the heart. As the hands are lifted during the chest compressions, the pressure in the chest becomes negative relative to abdomen creating a pressure gradient for the blood to return to the heart. Once the blood is returned to the heart, the heart is able to pump the blood to the lungs and body.

4. Time

Time is also an important factor, as the effects of histamine are short lived and 50% of severe anaphylaxis cases start to improve 20 minutes after the onset.  Therefore, if cardiac output and blood pressure can be maintained for the 20-30 minutes it is likely that most morbidity and mortality can be avoided.
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The CRAB is a physical method to increase CVP.  Squeezing the abdomen and the legs increases the transmural pressure across the vessels resulting in venoconstriction. This reduces the volume of pooled “unstressed” blood which is not contributing to venous pressure and increases the volume of “stressed” blood which is stretching the vessels and contributing to venous pressure.  The increased venous pressure increases the gradient back to the heart hence increases CVP, preload and cardiac output. 
There are other devices which have successfully used similar compression strategies. 
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Aviation Anti G-suits have been used by fighter pilots since the second world war, so the pilot can withstand higher G forces.  They commonly have 5 connected bags which are inflated by the aeroplane control systems.  Positive G force in the head to foot direction (Gz) results in increases the suit pressure at a rate of 1.5psi/G.  (77mmHg/ Gz = 100cmH20 / Gz).  E.g. If the pilot was pulling 6 G – then the suit would inflate to 9 psi = 470mmHg = 600 cmH2O. These pressures are only sustained for a short period of time.  (Frazier, 1988)
[image: image4.jpg]


The MAST suit (Military Anti-Shock Trousers) was developed from the Aviation Anti G suit during the Vietnam war and became a popular emergency device in the 70’s and 80’s for the management of shock associated with trauma.  The MAST suit has 3 connected air bags which were wrapped around the abdomen and both legs.  The suit was pressurised by foot pump.  The pressure in the suit was not measured but there was a pressure release valve which limited the pre INCLUDEPICTURE "https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcQi3Nqu7fk5fy9IL60-f84tqiOwl03MVA95IqL8LVJ1SoaPCXE6" \* MERGEFORMATINET ssure to approximately 100 mmHg = 140cm H2O).  Studies on healthy volunteers have shown that increasing pressure in the MAST suit is associated with a linear increase in central venous pressure.  Approximately 0.5-1mmHg for each 10mmHg pressure in the MAST Suit. However, clinically, the MAST suit was mostly used for abdominal and lower leg trauma with hypotension resulting from haemorrhage.  As these patients had decompensated hypovolaemia the venous volumes were low, there was not a volume of venous blood for the MAST suit to redistribute, so it probably did not significantly increase CVL and preload.  It is likely that the high pressures used in the MAST suit was working mostly as a physical method of constricting the arteries, increasing afterload. A Cochrane meta-analysis in 1999 revealed that the device did not have significant advantages over standard care for most trauma.  It was expensive, difficult to fit, slowed transportation of the patient to the emergency department, and was associated with significant hypotension when deflated.  Ambulance services stopped using the MAST suit in the 1990’s. Interestingly, there are many cases of severe anaphylactic shock being well managed with the MAST suit, where insufflation of the suit resulted in immediate return of a palpable pulse.  (Oertel, 1984) It is likely this was due compression of the dilated venous vessels increasing CVP and, hence improving cardiac output.  INCLUDEPICTURE "https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcTH2p_ANXKA-0OMo3WkRpLeAuEGT58vIR-cMkj8pFvTfLXhm_Rn" \* MERGEFORMATINET 
Both MAST Suits and Anti G suits have a strong safety record despite the use of high pressures prolonged periods in the MAST suit of up to 140cmH2O, and extremely high pressures for brief periods in the AntiG suits upto 640cmH2O.  Possible risks with this prolonged high pressure include lower extremity ischemia, compartment syndrome, respiratory failure, increased intracranial pressure, acute kidney injury and metabolic acidosis. There seems to be no reported problems associated with short periods of compression but the manufacturers do list the following as contra-indications to use:  pregnancy, congestive cardiac failure, myocardial infarction, thoracic haemorrhage, diaphragmatic injury, head injuries, abdominal injury with evisceration, uncontrolled bleeding above the garment, impaled object to the abdomen or lower extremity. 

MAST suits have been used in neurosurgery cases being performed with the patient in the sitting position.  In this position there are increased risks of hypotension and venous air embolism.  Brodrick et al studied 40 neurosurgical patients, using a constant pressure of 60mmHg (82 cm H2O) for a mean inflation time of 113 minutes without complications.  (Brodrick, 1988)
A very similar idea to the CRAB was investigated in 1982 with no reported complications. The design was more an inflatable bag, but like the CRAB it was positioned up to the Xiphisternum and provided an even pressure. The inflation occurred in the standing position, with pressure upto 25mmHG (170cmH2O) increasing the  CVP by 7mmHg without complications.  (Bennett, 1982)
The CRAB has several theoretical advantageous over the MAST suit:

1) It is quick and simple to set up when the patient is on a table or bed

2) The pressures involved are significantly lower than either the MAST suit or AntiG suit, so any pressure related injury would be very unlikely.

3) The pressures will only be inflated for a short period of time (20 to 60 min) making ischemic injury highly unlikely.

4) It supplies an equal pressure from xiphisternum to the lower leg removing any shear stress and stopping areas of high pressure above areas of low pressure which could act like a tourniquet and pool blood below the area of constriction. 

5) By compressing the upper abdomen, which contains the greatest volume of stored blood in the liver and spleen, it is hoped that the proportional changes in CVP will be greater than with the MAST suit.
6) The pressures administered will be more easily controlled with a purpose-built air pump compared to the MAST which had a foot pump and no pressure gauge.

7) The device is to be selectively used on patients with suspected venodilation with associated reduced preload and reduced cardiac output rather than in hypovolaemic trauma cases

The CRAB has been inflated on a 20+ volunteers in non trial protocols without complications and no discomfort to the volunteers. 

[image: image5.jpg]


CVLs are associated with a very low risk of significant side effects e.g. haematoma and pneumothorax. In clinical practice this risk is easily balanced by the clinical advantages of insert the CVL.  However, this risk maybe perceived as being too large by ethics committees for an initial study into a new medical device.  Therefore, for this initial study it is proposed that a 20cm Midline catheter is inserted into the basilic vein under ultrasound guidance by a trained, experience operator. 

In the unlikely scenario of the initial Midline Catheter insertion failing, the volunteer can elect to exit the trial or have a second attempt on the opposite arm. 

Intervention Products
1) Compressive redistribution air blanket.  CRAB.
a. The CRAB is not currently registered with the TGA.  This Phase 1 trial is the first investigation to try and gain registration.
b. A Clinical Trial Number has been obtained. CT-2020-CTN-04786-1 v1
c. The CRAB’s Global Medical Device number (GMDN) is 65330
d. Components of the CRAB

i. Inflatable bag made from a Ripstop nylon (Similar to yacht spinnaker clothe) with a Thermal Poly Urethane (TPU) lining on the inner side.  The TPU makes the clothe airtight and allows thermal welding of the seams. Four Velcro straps are used to hold the CRAB on the person and trolley. The Female Velcro is connected to the Rip Stop by self adhesive and sewn at the edges of the ripstop bag.  The Male Velcro is sewn onto a white nylon tape and sewn onto the edge of the ripstop bag.  The bag has been inflated to pressures of 120cmH20 without rupture or breakdown.
ii. The airpump
1. Designed and constructed by an electrical Engineer.

2. Attached are 4 documents.

a. Operation guide

b. Controller Manual

c. Inflation Guide

d. Macawi Turbine Specifications – This is the key pump – it is European made and used in medical ventilators.  Its maximal possible pressure is 12 kPa = 122cmH20
2) Mid-line Kit ; Arrow® Midline Kit MIDLINE CATHETERIZATION KIT  SKU / Article #: EU-02041-ML
3) Monitors
a. GE Carescape B450 (Borrowed from GE: Kim Coverley, Peri-Op, Ventilation and Monitoring Account Manager WA, GE Healthcare. 631 Karel Avenue| Jandakot, Western Australia 6164 )  No Financial interest or payment.
b. Non invasive BP monitor : Edwards Lifesciences Clear Sight (Borrowed from Edwards : Edan Hanley, Territory Manager WA, Critical Care, Edwards Lifesciences, 2/40 Talavera Road North Ryde NSW 2113, Phone: (02)8899-6309, Mobile: +61490 296 655)   No Financial Interest or payment.
	3 Trial Aims / Objectives / Hypotheses


Aims: 

1) To document safety of the CRAB

2) To find the relationship between increasing compression of the CRAB and Central venous pressure (CVP) in both mildly hypovolaemic (fasted)  and normovolaemic volunteers.

3) To compare the rise in CVP produced by the inflation of the CRAB to Passive Leg Raise (PLR) and 15 degrees of Trendelenburg.

4) To investigated if the rise in CVP induced by the CRAB on a healthy volunteer, results in any transitory change in blood pressure (BP) or heart rate (HR) 

5) To investigate if the cardiovascular response induced by the CRAB is different in a mildly hypovolaemic state (fasted) verses a normovolaemic state.

Hypothesis:

1) Short term inflation of the CRAB will be well tolerated in the awake adult

2) Increasing compression pressure in the CRAB will proportionally increase CVP

3) The CVP effects will be greater in a normovolaemic than hypovolaemic volunteers.

4) CRAB shall achieve greater increase in CVP than leg elevation or 15 degrees Trendelenburg.
5) In a healthy adult, the effects of Increased CVP will be rapidly autoregulated and there will only be mild changes in HR and BP
	4 Trial Design


Primary Endpoints: 

1) Change in CVP above baseline. Measured by pressure transducer connected to the Midline Catheter and via the GE Carescape B450 monitor.

2) Volunteer comfort / complications.  

a. Visual Analogue Score (VAS) 1-10 for Pain, Comfort, Tolerability, difficulty breathing 

b. General Comments.  Free text.

Secondary Endpoints

1) Change in Heart Rate (HR), From pulse oximetry on the GE Carescape B450 monitor

2) Change in Non Invasive Blood Pressure (NIBP). Measured via the Edwards Lifescience Clear Sight and displayed on the GE Carescape B450 Monitor.

3) Change in O2 Saturations (O2 Sats), From pulse oximetry on the GE Carescape B450 monitor.

Study Design

This is a phase 1 trial.     Experimental with self-controls.

Advertise for participants

Select 20 participants meeting criteria

Consent participants by a Doctor or Nurse with no conflict of interest.
Day of Trial – Participant to arrive fasted (12hours).

Ultrasound guided Insertion of Midline Catheter by trained staff member.

Prior to starting trial – participants to experience the CRAB being inflated to multiple pressures to minimise anxiety and excitement of novel sensation.
Monitoring attached.

Study started

Alternating 2 min episodes of a) Rest (CRAB Deflated) and b) Intervention

Interventions – CRAB at 10 cmH20, 20cmH20, 30cm H2O, 40 cm H2O, Passive Leg Raise and Trendelenburg 15 degrees.

Volunteer rested, given food and Drink.  Then 1000ml CSL given via Midline cannula over 30min.

Alternating 2 min episodes of a) Rest (CRAB Deflated) and b) Intervention is repeated.

Midline Cannula removed while patient lying flat. Dressing.

Volunteer to complete questionnaire regarding comfort / complications.

Volunteer to remain at study location for at least 15 min.
Follow-up phone call 1-3 days later

Trial Exit.

Bias
Should be minimised by

1. Participants are their own controls, and all receive the same intervention.
2. Data points automatically collected by monitoring system.
3. Participant are to be desensitized to the CRAB prior to the commencement of the study – to minimise the effect of anxiety or other thoughts on the CVS changes.
4. The 12 interventions & 12 period of rest during the study should also remove any effects of novelty.
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No Blinding and Randomisation
No Device Tracking
Intervention/Product Description

The CRAB will be strapped in Position – Xiphisternum to ankle as in this image.
Interventions

1) Participants are to be Fasted (>12 hours).  The Following series of CRAB pressures and leg positions are to be followed.
	Time
	Position
	CRAB Pressure
	Central VP


	HR
	BP
	Sa02

	0
	Supine – Legs down
	0  
	
	
	
	

	2
	Supine – Legs down
	10
	
	
	
	

	4
	Supine – Legs down
	0
	
	
	
	

	6
	Supine – Legs down
	20
	
	
	
	

	8
	Supine – Legs down
	0
	
	
	
	

	10
	Supine – Legs down
	30
	
	
	
	

	12
	Supine – Legs down
	0
	
	
	
	

	14
	Supine – Legs down
	40
	
	
	
	

	16
	Supine - Legs down
	0 
	
	
	
	

	18
	Supine – PLR 
	0 
	
	
	
	

	20
	Supine - Legs down
	0 
	
	
	
	

	22
	Trendelenburg 15 Degrees
	0 
	
	
	
	

	24
	Supine - Legs down
	0 
	
	
	
	


2) Participants to be given food and drink + 1000ml CSL over 30 minutes via the midline cannula

3) The Intervention is repeated.

Trial Duration/Schedule

The entire trial (From advertising for participants to completion of data collection) should occur between 1st July 2021 and 1 December 2021.

For each participant

· The time from consent to the day of intervention will be less than 4 weeks.

· Interview to ensure entry criteria are correct, prescreening and Consent : less than 30 min.
· The time of the intervention will be less than 4 hours.

· 60 min set up. (IV nurse to insert all midline at start of day.  <30 min each)

· 30 min intervention

· 30 min rest – food, drink

· 30 min IV fluid

· 30 min intervention

· 30 min post intervention recovery, removal of Midline cannula and answering questionnaire.

· Follow up phone call day 1-3 after intervention.

Trial Termination

Individual participants can withdraw from trial at any stage, even mid intervention.

If there are any complications due to the CRAB – the study will be paused, and complications discussed with SCGH Governance.  Intervention on additional participants would be ceased on their recommendation.
Data identification

Data will be recorded on a case report form (CRF). The patients will be de-identified by removing personal identifiers, following this each participant will receive a unique identifier (code) which will be used throughout the study duration and thereafter. 
De-identified data from the CRF will be entered into a password protected labtop and password protected excel spread sheet.
In addition, all paper records will be shredded following study completion, while the electronic database will be destroyed 15 years following completion of the study.  
	5 Source and Selection of Participants


Source of Participants

The trial will be advertised at SGCH and to contacts via email and poster.  No financial assistance will be advertised, but at the time of consent, each participant will be offered $50 to cover parking expenses, and nominal payment for their time.
A sample size of 20.  This is a commonly the size for phase 1 simple interventional trials.  The intervention is highly unlikely to cause harm so there is minimal risk associated with this number.  20 participants with 4 CRAB data points mildly hypovolaemic and 4 CRAB data points normovolaemic will allow precise determination of the mean change in CVP for each 10cmH2o of CRAB pressure.

Participant inclusion criteria. 
Male or Female.

Age between 18-70 yo.

ASA I or 2

Participant exclusion criteria. 
· Pregnant

· Abdominal surgery in last 6 months.

· Cardiac Disease – Ischemic heart disease, Valvular disease, arrythmias, history of recurrent vasovagals (faints).

· Respiratory Disease – (Symptoms controlled mild asthma is OK)

· Any significant medical conditions (ASA III or IV) 

· Prescription medication for the cardiovascular or respiratory system.

Participant withdrawal criteria 
Participants will be able to withdraw from the trial at any stage, even mid intervention.  Any data for a patient who has withdrawn will be excluded from the trial data analysis, the with withdrawal will be explained in the trial report.
Any withdrawal will be replaced by another participant to have a sample size of 20.

	6 Assessment of Safety


Risks 

1) Insertion of a Midline venous canula.   This is a safe, well documented procedure very similar to insert of a peripheral cannula.  Possible negative outcomes could be
a. Bruising at the site of puncture.  This will be minimised by using experience staff trained in Ultrasound guidance to maximise the chance of first pass cannulation.  On removal of the cannula adequate pressure will be applied to the site of puncture for a minimum of 15 minutes.
b. Rarely invasive procedure, participants can faint.  This risk will be removed by having the participant lying flat during insertion.
c. Failure to site a Midline cannula would be uncommon in healthy individuals, however it is possible due to variation in venous anatomy.  If a failure occurs, the participant will be given a chance to withdraw from the study or have a second attempt in the other arm.  In the very unlikely event of failure on both side the participant will be excluded from the study.
2) This is the first study to be performed on the CRAB, and hence it does not have TGA registration or a proven safety record.  The study will be registered with the TGA and have a Clinical trial Number (CTN). Compared to other regulated products (the MAST suit and Aviator Suit) the CRAB work at significantly lower pressures, and the duration of inflation is going to be very short.  Additionally the material in contact with the volunteer is latex free, very soft, pliable and slippery so shear forces with inflation should not be possible. The subject will be awake and able to discuss any issues of comfort and can withdraw from the study at any stage.
3) There is no risk of “over pressure”.  The CRAB pump has it’s own internal pressure monitor, which control the pump speed and pressure.  If in the highly speculative situation of an electrical malfunction and the pump defaulting to maximal pressure possible (122 cmH2o), this is then the same pressure to which the MAST suits has been used on thousands of patients in the management of trauma, without reported pressure side effects.  The pressure is far less than the pressure exerted by an Aviator Anti G suit (upto 640 cmH2O).  Additionally the pump can be immediately stopped by touching the stop button on the screen, turning off the switch, or removing the power cord.
Safety

Each intervention will occur in the SCGH Interventional Radiology procedure room during the weekend.  This room has excellent lighting, piped oxygen, and emergency code blue button.  Each intervention will be completed with the minimal staffing of one anaesthetist and one nurse, so any immediate care or intervention should be possible. The hospital emergency response team could respond if the was significant event, and followup care could be performed at the SCGH emergency department.

Adverse event reporting
Any adverse event, more significant than mild bruising will be reported to the SCGH Governance, and the trial placed on hold.  Continuation of the trial would only occur with governance consent.

	7 Data Management, Statistical Analysis and Record Keeping


Statistics 

Continuous outcome measures will be summarised using means, standard deviations, medians and ranges..

Sample Size

A sample size of 20.  
This is a commonly the size for phase 1 simple interventional trials.  
The intervention is highly unlikely to cause harm so there is minimal risk associated with this number.  
One of the primary endpoints is the change in CVP.  20 participants with 5 CRAB data points (0,10,20,30,40 cmH2O) should allow precise determination of the mean change in CVP for each 10cmH2O of CRAB pressure. 

Data management
Data will be recorded on a case report form (CRF). The patients will be de-identified by removing personal identifiers, following this each participant will receive a unique identifier (code) which will be used throughout the study duration and thereafter. 
De-identified data from the CRF will be entered into a password protected labtop and password protected excel spread sheet.
In addition, all paper records will be shredded following study completion, while the electronic database will be destroyed 15 years following completion of the study.  
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