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Sponsor/manufacturer

Coco Industries Pty Ltd
18 Jameson St, Swanbourne, 6010.
Contact  - Dr Christopher Hugh Mitchell  0427 425854.

Investigational device information - 

a) The CRAB has been assessed as a Class IIa medical device by a regulatory consultant.   The Class IIa classification results from classification rule 4.  (An active medical device for therapy to administer or exchange energy).  

b) General description of the investigational device and its components including materials used.
There are 2 components to the CRAB, the blanket and the pump.
1) The Blanket
a. Materials
i. Fabric – Nylon Ripstop with a Thermo Plastic Urethane (TPU) layer on one side of the fabric.  Weight 150g / linear metre. Produced by Jiaxing Inch ECO Material Co. LTD China.
ii. Velcro
1. 50mm wide loop - adherent
2. 25mm wide hook – non adherent
iii. Straps – 25mm wide nylon webbing.
b. Construction as per diagram.
2) Pump
a. Parts
i. BLOWER and Motor controller : Demcon MACAWI Turbine Blower.
1. High quality respiratory ventilator blower.
2. Specification attached.
ii. Control Unit - MicroMite Explore 100
iii. Touch Screen - 5.0" TFT 800X480 LCD Module Display SSD1963 with Touch Panel & SD Card
iv. Pressure transducer (Panasonic  ADP5121)
v. DC 24V to 5V converter (IEU0324S05 by XPPower)
vi. AC240V – DC 24V converter : Powertran 24V DC 5A Appliance Powerpack

b. Construction & schematics – outlined in the attached “Controller manual”
3) The device has been approved as electrically safe for use at SCGH.

c) Summary of relevant manufacturing processes and related validation processes.
The current two prototype devices have been assembled designed and assembled using high quality parts, by an electrical engineer, who has recently retired from SCGH.   It has not been manufactured according to ISO 13485

d) Description of the mechanism of action of the investigational device, along with supporting scientific literature.

The CRAB is designed to redistribute venous blood from the legs and abdomen to the thorax and upper body, to increase Central Venous Pressure (CVP).

Currently there are limited ways to increase CVP.  1) IV fluids – which is slow.  2) Positional manoeuvres, either   a. Passive Leg Raise, which is hard to maintain   b. Trendelenburg which requires a special bed and is not compatible with continuing other medical intervention like CPR.

Medical conditions which would benefit from the CRAB and a way of increasing CVP 

Anaphylaxis. – Profound hypotension is the common symptom of anaphylaxis.  In the cases that do not respond to Adrenaline, Intravenous Fluid is currently the only way to improve CVP to improve cardiac output and blood pressure.  “Anaesthesia, Surgery and Life threatening Allergic Reaction” report – clearly identifies lack of Intravenous fluid as recurrent theme in patients who died of anaphylaxis. (page 56 & 57).   “Quantification of volume loss and haemodynamic changes of Gelofusion induced anaphylaxis during Cardiopulmonary bipass” calculates the required volume replacement as 51ml/kg.  This equates to 3 – 4 litres of fluid.  Due to the difficulties of administering such large volumes of fluid to patient over a 15-30 min period, it is not surprising that lack of intravenous fluid is a common problem in mortality reports.


The CRAB has similarities to two previous devices 
1) Aviators Anti gravity suit. 1st designed and used by 2nd World War aviators.
a. The ability of planes to perform extreme turns is limited by the pilot losing consciousness.  This occurs when the G force distributed the pilots blood into the abdomen a legs, causing cerebral hypoperfusion.  The Anti gravity suit is controlled by the plane, squeezing the abdomen and legs of the pilot during high G manoeuvres to help restore central venous pressure and increase peripheral vascular resistance.
b. Still in use by pilots in the military and high performance aircraft – which is a testament of the safety of the idea.
c. One Document attached “Anti-G Suit – How much pressure is just right”
i. The pressure used is 1.5 psi/G.    Therefore if a pilot is pulling 4 G, the suit inflates to 6psi which equals 400 cmH20 Pressure.
ii. In our study The CRAB will be inflated to a maximum of 40cmH20.

2) Military Anti-Shock Trouser (MAST)
a. The MAST were first used in the Vietnam war as a modification of the Aviators Anti gravity suit.  By 1972 they started being used in civilian medical services.  In 1977 they were deemed by the American College of Surgeons as mandatory equipment to be carried by all emergency service.  Their primary roles was the treatment of Hypovoleamic Shock.  They were also used to treat many other conditions including anaphylaxis.  In 1989 a good quality RCT demonstrated that ambulance service use of the MAST for Hypovolaemic shock did not improve patient outcome.  This started the decline of MAST usage, but the product is still on sale.
b. The MAST suit was inflated by foot pump to a pressure of 104mmHg = 136cm H2O
c. The mechanism of action of the MAST was debated.  Initially it was felt to primarily redistribute venous blood.  Later studies suggested its major action in patients who were already hypovolaemic was increasing systemic vascular resistance.
d. There were many case reports of the MAST successfully treating anaphylactic shock. “Bee-Sting Anaphylaxis:the use of Medical Antishock Trouser”, 
e. There is one review which included 11 cases of anaphylaxis treated with a MAST – with good success. “Clinical Evaluation of the Antishock Trouser: retrospective Anaylsis of Five Years of Experience” (Attached)
f. Several studies have been performed on normal volunteers, similar to this proposed study. eg
“Abolition, by dopamine blockade, of the natriuretic response produced by lower-body positive pressure” (Attached) : demonstrated a linear relationship between Right Atrial Pressure (RAP) and Bag pressure.  Approximately 3mmHg rise in RAP for each 10mmHg increase in Bag pressure.   No complication reported.

The CRAB is a new invention and this is the first clinical trial.  There are several key features to the CRAB that are different to the Aviator suit and MAST suit which should improve its performance.
1) The CRAB – is designed to be rapidly deployed on the patient.  It is spread on the patient like a sheet, then connected to the patient and bed with 4 Velcro straps.  This takes approximated 30 seconds, and could be deployed while the patient is having CPR.  The MAST suit takes 3-5 minutes deploy and requires lifting or rolling the patient onto the MAST suit. 
2) The single compartment of the CRAB means the same pressure will be exerted to all body parts under the CRAB – this stops any potential “tourniquet” effects.
3) The CRAB will be deployed from Xiphisternum to ankles.  The upper abdomen area is particularly important, as the Liver and Spleen can hold a significant proportion of the bodies venous blood. 
4) The computer controlled air pump – will allow accurate delivery and adjustment of the  CRAB pressure.  This is shall allow significantly more control than the foot pump and pressure release valve of the MAST suit.

There is no literature supporting the design at this time.

Pre-clinical studies using protocol similar to this study have demonstrated.
1) Inflation of the CRAB does increase peripheral venous pressure.
2) There seems to be a relatively linear response to increasing pressure of the CRAB and the increased peripheral venous pressure .
3) The rise in Peripheral venous pressure from the CRAB is significantly greater than what can be achieved with Passive Leg Raise (PLR)
4) This is shown is the graph below.

[image: ]

e) Manufacturer's instructions for installation and use of the investigational device, including any necessary storage and handling requirements, preparation for use and any intended re-use (e.g. sterilization), any pre-use safety or performance checks and any precautions to be taken after use (e.g. disposal), if relevant.

The CRAB is a clean (not sterilised) device.
The Blanket component is simply unfolded, and spread over the patient, with the top edge at the level of the patient’s xiphisternum, and the lower edge at ankles.  The four Velcro straps are wrapped under the bed and the hook Velcro on the strap is connected to the loop Velcro on the top of the blanket. The strap should be firm, to minimise the volume of air which is required to fill the device.
CPAP airway tubing is used to connect the blanket to the pump.
The Pump needs to be connected to 240V mains power and turned on.  The pump is immediately ready for use.  The pump is started by touching one of the displayed pressure selections (10cmH20, 20cmH20 or 30 cmH20).  Any other pressures from 5cmH20 to 60cmH20 can be selected by touching the blue arrows on the screen. The up arrow increases the set pressure by 5cmH20.  The down arrow decreases the set pressure by 5cmH20.   The pump clearly displays the target pressure and the current pressure of the blanket.  Touching the large red “Stop” portion of the screen sets the target pressure to 0 cmH20 and the blanket immediately deflates.

g) Description of the intended clinical performance.
During the study, the CRAB blanket will be inflated at multiple pressures up to a maximum of 40cmH20.  It is expected that the study will give similar results to the pre-clinical testing and show that increasing CRAB blanket pressure will induces a linear increase in peripheral venous pressure.   By studying ten volunteers it is hoped some insight will be gained into the individual variation to this response.
Clinically it is hoped that the CRAB will be used on patients with anaphylaxis induced by IV drugs during anaesthesia who are not responding to standard care and remain hypotensive.

Preclinical testing 
Limited preclinical testing has been performed on the Pump and Blanket.
The Pump has been assembled from high quality parts, by a senior hospital electrical engineer.  The basic design is very simple.  The major component have been supplied from ISO 13485 manufacturers.  The pressure the pump produces is directly related to the therapeutic effect.  To ensure this is accurately controlled the system has it’s own pressure sensor involved in the feedback loop to control the blower speed and hence pressure produced.  The pressure output of the pump has been double checked / validated by an external digital pressure monitor.
The blankets are tested to 100cmH20 pressure for 20 minutes.  This is significantly greater pressure than used in the study.

The summary shall include or, where applicable, refer to the results of
a) design calculations,
Blanket: Estimated volume of gas to pressurise when on a patient :  30-60 litre.
Pump : Maximal pressure require 40cmH20.   Maximal required flow of 300 l / min. This would enable the pump to pressurise an empty blanket in 12 seconds.  The Demcon Macawi pump – is a high quality ventilator pump which is able to delivery 350l/min of air, and reach a maximal pressure of 120 cmH20 (see specifications)

b) mechanical and electrical tests, - 
Mechanical test –  See attached documentation “ Inflation trials 25 June 2020”
Electrical Tests – the Pump has been assessed by a hospital engineer, and has been passed for use within the hospital.
c) validation of software relating to the function of the device, 
 This has not been done in a formal sense.  However the software functionality is very simple.  The pump is designed to rapidly achieve a set pressure and not to overshoot this pressure. This has been repeatedly tested.  The mechanical test show a very rapid and tight control of pressure.
Existing clinical data
a) Summary of relevant previous clinical experience with the investigational device and with medical devices that have similar characteristics, including such characteristics that relate to other indications for use of the investigational device. 

a) Summary of relevant previous clinical experience with the investigational device and with medical devices that have similar characteristics, including such characteristics that relate to other indications for use of the investigational device. 
Studies that have shown a relationship between abdominal/leg pressure and increasing CVP.
1) Abolition, by dopamine blockade, of natriuretic response produced by lower-body positive pressure, by Bennett et al, published in Clinical Science (1982) 63, 361-366)
a. In this study, a specially designed bag was used, that “sealed around the subject just below the costal margin.  The bag was inflated to pressures of 5,10,15 and 25mmHg”  This is very similar in design and inflation pressures to the design of this experiment. 6 Subjects were examined.
b. Results.
i. A linear relationship between “bag pressure” and Right Atrial Pressure (RAP) was observed. 
ii. Graph [image: ]
iii. No problems or complications were reported.

c. It is hoped that similar results will be found for the CRAB.

2) Atrial Natiuretic factors and central venous pressure during intermittent and continuous lower body positive pressure in healthy humans. by N Keller, Cinical physiology (1990) 10, 245-255.
a. In this study a MAST suit was used and it was pressurised to 45 mmHg = 58 cmH20.
i. Results – The 58cmH20 in MAST pressure only caused an average rise of  3mmHg in CVP
ii. Graph - [image: ]
iii. No problems or complications were reported
b. It is hoped that the CVP changes for the CRAB will be larger than demonstrated in this study.  It is presumed by the developer of the CRAB that the MAST suit has not resulted in an even compression of the abdominal and leg veins, resulting in decreased redistribution of blood.

[image: ]

Risk management
a) Summary of the risk analysis, including identification of residual risks.
For a health volunteer – it is difficult to imagine any significant risk associated with the CRAB.
The theoretical risk would be the cardiovascular response to the rise in lower body pressure.
However – previous devices have used higher pressures, and longer durations of pressure without recorded negative Cardiovascular responses.
a) The MAST suit – pressure upto 136 cmH2O for hours.
b) Aviator Suit – pressure upto 400cmH2O for minutes.

b) Result of the risk assessment.
As our volunteers and healthy, awake and being constantly monitored through the procedure any potential prolem should be rapidly recognised.  Stop the intervention is as simple as hitting the off button, turning off the power supply, or detaching the connecting tubing.  All these action would instantly result in deflation of the blanket.

Regulatory and other references
a) List of International Standards, if any, complied with in full or in part.
Nil at this time.
b) Statement of conformity with national regulations, where appropriate. - Not required for this stage of development.
Nil at this time
c) List of references, if relevant. 
	Nil at this time
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Fig. 1. Individual values of central venous pressure (mmHg) before (open circles) and 5 min after (solid
circles) first and second inflation of a military anti-G suit in eight subjects and before (open circles) and 10
min after (solid circles) a third inflation in seven subjects. Solid horizontal lines represent median values.
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ANAPHYLACTIC SHOCK

‘The only reported uses of the PASG in patients with
anaphylactic shock are four case reports of successful
treatment of refractory anaphylactic shock. 7 All pa-
tients were refractory to intravenous epinephrine and
vigorous fluid resuscitation. All showed hemody-
‘namic improvement with inflation and subsequently
recovered without sequelae. While use in this setting
appears promising, the lack of acontrolled clnical rial
limits the recommendation.




