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This testing protocol is intended to be used by manufacturers seeking to supply ventilators under the Therapeutic Goods (Medical Devices—Ventilators) (COVID-19 Emergency) Exemption 2020, also referred to as Rapidly Manufactured Ventilator Systems (RMVS). 
	This document provides a suggested protocol and template for manufacturers to verify that their devices meet the minimum specification in Ventilator for COVID-19 use in Australia. Manufacturers who are unable to meet specified testing standards outlined in this template need to identify deficiencies, together with risk mitigation strategies in the Features and Risk Mitigations Checklist. 


The protocol may be varied at the discretion of the manufacturer or tester, however if it is varied the manufacturer should clearly advise the reasons why the protocol has been varied and how any residual risks have been mitigated. The template is for advisory purposes to explain the likely testing that RMVS will undergo. 
Note: Ensure this template is read in conjunction with the following documents:
· Ventilator for COVID-19 use in Australia,
· Exemption to enable the domestic manufacture and supply of ventilators, and
· Features and risk template for ventilators for use during the C-19 Pandemic
General – Testing required under Ventilator for COVID-19 use in Australia
Manufacturer's name:	<Person responsible for manufacturing the device>
Business address:	<Address of the manufacturer>
Medical device(s):	<The unique product identifier (for example the product name or model number)>
	Requirement Tested 
(Suggested Method)
	Verification Method Used
Test methodology
(To be filled by Manufacturer)
	Results and Observations 
(To be filled by Manufacturer)
	Pass/Fail
(Manufacturer)

	IP22 degree of ingress protection or greater – testing methodology need not follow the IP standard exactly. Testing may be demonstrated through photos/videos which are retained by the manufacturer. 
(Solid objects greater than 12.5 mm cannot penetrate device, vertical dripping water shall have no harmful effect when the enclosure is tilted at an angle up to 15° from its normal position)
	
	
	

	All external surfaces must be cleanable using approved disinfectants.
(Check that all outer surfaces can be wiped without causing damage)
	
	
	

	If mains powered
Supply power to match AS/NZS 3112
PAT tested to IEC 60601 or AS/NZS 3551. Must be tested per AS/NZS 3760. 
(PAT test, and check AU 3-pin plug)
	
	PAT test pass:
Standard Australian 3-pin plug used:
Electrical safety testing includes:
· Visual inspection of external mains supply components
· Protective earthing resistance
· Insulation resistance
· Touch current
· Earth leakage current
· Patient leakage current 

	

	If mains powered:
Must have >20 minutes back-up supply
(Confirm presence of battery, test time to discharge while ventilator is in use is greater than 20 minutes, repeat test 3 times.)
	
	Battery Present: 
Time to discharge 1:
Time to discharge 2:
Time to discharge 3:
	

	All parts of the breathing system which can/could contact patients expired gas are single patient use and with ISO 7000-1051 or “Do not re-use” label.
(Visual Inspection)
	
	
	

	Materials used in all components of breathing system in the gas pathway evaluated to ISO 18562-1:2017.  
The use of CMR 1A/1B and/or ED substances (e.g. phthalates) in medical devices above a concentration of 0.1% w/w is allowed when a proper justification can be provided, including an analysis of potential patient and user exposure, availability of possible alternatives, an argumentation why possible alternatives are appropriate or inappropriate. 
(Provide risk assessment per ISO 18562-1:2017 and relevant testing for all components, specifically refer to the Flowchart of process to determine what tests are to be considered. Should also provide biological evaluation as per ISO 10993-1 for parts of the breathing circuit that come into contact with patients, e.g. masks or mouthpieces.)
	
	Risk assessment attached: 
	

	Ventilator and parts have adequate mechanical strength when subjected to mechanical stress caused by normal use, pushing, impact, dropping and rough handling.
(Provide Testing Results)
	
	
	

	Ventilator Accuracy has been verified
(Follow procedures in Ventilator Accuracy Testing Below, results from testing to be provided to TGA)
	
	
	

	Pressure Relief has been verified.
(Follow procedures in Pressure Relief Test Below, results from testing to be provided to TGA)
	
	
	

	Closed Suctioning Test has been completed.
(Follow procedures in Closed Suctioning Test Below, results from testing to be provided to TGA)
	
	
	


Labelling
The following labels must be clearly affixed to the device. Photographs of the labels on the device should be provided to the TGA.
	Requirement 
	Label Present?
(To be filled by Manufacturer)
	Pass/Fail
(Manufacturer)

	“Follow Instructions for Use” accompanied by the following ISO 7010 compatible permanent labels: M002, MOO4, M009, M013 and M016.
	Labels clearly visible and permanent: 
	

	“Restricted device for use during COVID-19 pandemic, only to be used for emergency ventilation – any adverse incidents must be reported to the TGA”
	Size and font of text appropriate to the size of the device:
	

	Clear labelling of all critical functions and controls using standard terms, pictograms and colours that will be readily recognised by Australian healthcare staff.
	All critical functions and controls labelled:

Appropriate labels used:
	

	Breathing system inlets and outlets must be clearly marked with direction arrows. A clearly visible permanent label with the words “Manual Back Up Ventilation Must Be Available” in a minimum of 50 point text.
	Breathing System inlets clearly marked:

Manual Back Up Ventilation label clear:
	

	Clear marks or labels to indicate the default settings of oxygen (%), tidal volume (ml) and / or inspiratory plateau pressure (cmH2O), PEEP (cmH2O), and breathing rate (breaths min-1).
	Default settings clearly marked:
	


Pressurised gas input operated ventilators – Oxygen and / or Air
If the ventilator is intended to be connected to a 415 kPa medical gas pipeline system using AS 2896-2011 compatible probes.
	Requirement Tested 
(Suggested Method)
	Verification Method Used
(To be filled by Manufacturer)
	Observations
(To be filled by Manufacturer)
	Pass/Fail
(Manufacturer)

	Medical gas consumption used to drive the ventilator shall not exceed the recommended value as defined in ISO 10651-3:1997 
	
	
	

	Any transient input flowrate shall not exceed 200 l/m averaged over 3 seconds as stated in ISO 10651-3:1997
	
	
	

	Warning in IFU includes below text and an equivalent label is on the device proximate to the gas input: 
“Device should only be connected to a pipeline installation designed using a diversity factor that allows for the indicated high flow at a specified number of terminal outlets, to avoid exceeding the pipeline design flow.
This will minimise the risk that the ventilator interferes with the operation of adjacent equipment.”
	
	
	

	Inlets for pressurised gases into the ventilator must be marked with the gas name or chemical symbol and the rated gas pressure.
(Visual Inspection, photos provided)
	
	All inlets clearly marked:
	

	If two or more high-pressure input ports:
Means provided to limit reverse gas flowrate (leakage) and cross leakage from gas intake ports into the supply system of the same gas to a flowrate less than 100 ml/min in normal condition or single fault condition.
(Provide description of mechanism used, and justification of use.)
	
	
	

	Each high-pressure input port shall be provided with a filter having a pore size less than or equal to 100 μm.
(Provide information, including the part number, of the filter used.)
	
	
	


Completed by:		……………………………………………….
Name and Position:	……………………………………………….
Date:			……………………………………………….
Ventilator Accuracy Testing
General procedures must follow those outlined in Section 201.12 of ISO 80601-2-12:2020. As a guide we have provided a summarised version of the procedures here. To reduce the burden of testing, the range of volumes for RMVS devices is recommended to be reduced to 200 – 800 ml. The testing results along with the raw data should be provided to the TGA.
Test conditions
· Connected to gas supplies as specified for normal use
· Industrial grade oxygen and air may be substituted for the equivalent medical gas, as appropriate, unless otherwise stated.
· When using substitute gases, care should be taken to ensure that the test gases are oil-free and appropriately dry.
· If air can be used instead of oxygen without affecting performance this should be done to conserve medical oxygen supplies.
· Gas flowrate, volume and leakage are expressed as STPD except for those associated with the breathing system which are expressed as BTPS.
· Declared tolerances shall be adjusted by the measurement uncertainty, and the manufacturer shall disclose the measurement uncertainty for each disclosed tolerance in the technical description
Test Set Up
· Attach the ventilator via the intended breathing system to an adult test lung with variable compliance and resistance with an electronic ventilator tester.
· Attach pressure sensor at the connection of the breathing system and the test lung with 10-90 % rise time of ≤ 10 ms.
· Attach pressure sensor to the test lung after the adjustable flow resistor with a 10-90 % rise time of ≤ 10 ms. (to measure PEEP)
· Attach a flow sensor between the breathing system and the test lung with a 10 – 90% rise time of ≤ 10 ms.
· Place an oxygen sensor (0-100 % ± 1%) in the inspiratory limb of the breathing system.
· (Optional) Place a temperature sensor between the breathing system and the test lung (0-50 °C)
· Data acquisition from sensors to be ≥ 200 samples per second.
[image: ]KeyFigure 1 - Ventilator Accuracy Test Setup

1 ventilator under test
2 pressure sensor
3 flow sensor
4 oxygen sensor
5 data acquisition system
6 temperature sensor
7 test lung resistance
8 pressure sensor
9 test lung compliance
10 test lung
Test Procedure – Volume Controlled Testing
Set up the ventilator as shown in Figure 1
Enter the parameters and settings of the first row of table 1.
Wait for steady-state conditions to be achieved
Record the tidal volume delivered
If the ventilator is equipped with tidal volume monitoring equipment, record the tidal volume displayed by the ventilator monitor
Record the PEEP as the average airway pressure measurements over the last 50 ms of the expiratory phase.
If the ventilator is equipped with PEEP monitoring, record the PEEP displayed by the ventilator monitor
Record the oxygen measured by the oxygen sensor
Compare the results with the acceptance criteria below
Repeat steps 2 through 9 for 30 consecutive breaths, and note the worst case
Repeat 2 through 10 for all tests listed in table 1 and 2.
If a humidifier is included in the breathing system, repeat the tests with the minimum humidifier water level without re-determining the VBS compliance.
Repeat for each flow pattern available on the ventilator if more than one flow pattern is available.
Volume-control inflation-type testing parameters
The following settings should be tested. These parameters are taken from the ISO 80601-2-12 standard with an additional six tests to cover the full parameter ranges required in “Ventilator for COVID-19 use in Australia”.
Table 1 - Parameters for Volume Controlled Ventilation Testing from the ISO 80601-2-12:2020 Standard
	Test Number
	Test lung parameters
	Ventilator Settings

	
	Compliance 
ml/hPa ± 10 % 
	Linear resistance hPa/l/s
± 10 %
	Tidal volume 
ml
	Set rate
Breaths/min
	Inspiratory time 
s
	O2
%
	PEEP
hPa
(cmH2O)

	1
	50
	5
	500
	20
	1
	30
	5

	2
	50
	20
	500
	12
	1
	90
	10

	3
	20
	5
	500
	20
	1
	90
	5

	4
	20
	20
	500
	20
	1
	30
	10

	5
	20
	20
	300
	20
	1
	30
	5

	6
	20
	50
	300
	12
	1
	90
	10

	7
	10
	50
	300
	20
	1
	30
	10

	8
	10
	10
	200
	20
	1
	90
	5


OPTIONAL Table 2 - Additional Testing Parameter to ensure the full range of required settings (Optional)
	Test Number
	Test lung parameters
	Ventilator Settings

	
	Compliance 
ml/hPa ± 10 % 
	Linear resistance hPa/l/s
± 10 %
	Tidal volume 
ml
	Set rate
Breaths/min
	Inspiratory time 
s
	O2
%
	PEEP
hPa
(cmH2O)

	9
	50
	5
	800
	20
	1
	30
	5

	10
	50
	20
	800
	12
	1
	90
	10

	11
	20
	50
	300
	12
	2
	90
	10

	12
	20
	50
	300
	12
	0.5
	90
	10

	13
	50
	20
	500
	12
	1
	90
	25

	14
	50
	20
	300
	12
	1
	90
	25


Test Procedure – Pressure Controlled Testing
1. Set up the ventilator as shown in Figure 1
1. Enter the parameters and settings of the first row of table 3.
1. Record the airway pressure at the end of the inflation phase as the average over the preceding 50 ms.
1. If the ventilator is equipped with pressure monitoring equipment, record the inspiratory pressure displayed on the ventilator monitor
1. Record the tidal volume delivered
1. If the ventilator is equipped with tidal volume monitoring equipment, record the tidal volume displayed by the ventilator monitor
1. Record the PEEP as the average airway pressure measurements over the last 50 ms of the expiratory phase.
1. If the ventilator is equipped with PEEP monitoring, record the PEEP displayed by the ventilator monitor
1. Record the oxygen measured by the oxygen sensor
1. Compare the results with the acceptance criteria below
1. Repeat steps 2 through 10 for 30 consecutive breaths, and note the worst case
1. Repeat 2 through 11 for all tests listed in table 3 and, optionally for 4.
1. If a humidifier is included in the breathing system, repeat the tests with the minimum humidifier water level without re-determining the VBS compliance.
Pressure-control inflation-type testing
The following settings should be tested. These parameters are taken from the ISO 80601-2-12 standard with an additional six tests to cover the full parameter ranges required in “Ventilator for COVID-19 use in Australia”.
Table 3 - Parameters for Pressure Controlled Ventilation Testing from the ISO 80601-2-12:2020 Standard
	Test Number
	Intended tidal volume
ml
	Test lung parameters
	Ventilator Settings

	
	
	Compliance 
ml/hPa ± 10 % 
	Linear resistance hPa/l/s
± 10 %
	Inspiratory Pressure (relative to PEEP)
hPa
	Set rate
Breaths/min
	Inspiratory time 
s
	O2
%
	PEEP
hPa
(cmH2O)

	1
	500
	50
	5
	10
	20
	1
	30
	5

	2
	500
	50
	20
	15
	12
	1
	90
	10

	3
	500
	20
	5
	25
	20
	1
	90
	5

	4
	500
	20
	20
	25
	20
	1
	30
	10

	5
	300
	20
	20
	15
	20
	1
	30
	5

	6
	300
	20
	50
	25
	12
	1
	90
	10

	7
	300
	10
	50
	30
	20
	1
	90
	5

	8
	200
	10
	10
	25
	20
	1
	30
	10


OPTIONAL - Table 4- Additional Testing Parameter to ensure the full range of required settings (Optional)
	Test Number
	Intended tidal volume
ml
	Test lung parameters
	Ventilator Settings

	
	
	Compliance 
ml/hPa ± 10 % 
	Linear resistance hPa/l/s
± 10 %
	Inspiratory Pressure (relative to PEEP)
hPa
	Set rate
Breaths/min
	Inspiratory time 
s
	O2
%
	PEEP
hPa
(cmH2O)

	9
	-
	50
	5
	50
	20
	1
	30
	5

	10
	-
	50
	20
	50
	12
	1
	90
	10

	11
	-
	50
	5
	10
	20
	1
	30
	25

	12
	-
	50
	20
	15
	12
	1
	90
	25

	13
	-
	10
	10
	25
	20
	2
	30
	10

	14
	-
	10
	10
	25
	20
	0.5
	30
	10


Acceptable Performance
· Under steady-state conditions, the airway pressure measured by the ventilator shall be accurate to within ±(2 +(4 % of the actual reading)) cmH2O
· The accuracyof expired volumesgreater than 50 ml measured by the ventilator shall be within ± (4+(15 % of the actual volume expired through the patient-connection port)) ml.
· Oxygen concentrations will be ± 5 % of the set value.
· Disconnect alarm will sound within 3 seconds of disconnection
· The accuracy of the device settings referenced to delivered volumes must be determined from accuracy testing, and reported in the IFU.
Pressure Relief Tests
· Set ventilator to 250 – 300 mls tidal volume or 30 cmH2O Inspiratory pressure with 10 cmH2O PEEP at a rate of 10 breaths min -1.
· Set maximum pressure level and alarm to 35 cmH20.
· Compress test lung until pressure alarms and ventilator stoops inflating and alarms
· Record maximum pressure reached.
· Set pressure to maximum value or 50 cmH20, whichever is lower.
· Detach test lung and occlude patient end of breathing system.
· Confirm that pressure in system does not exceed 80 cmH2O and that alarm is activated.
Closed Suctioning Test
For additional guidance refer to ISO 80601-2-12. 
· Set ventilator to 250 – 300 mls tidal volume or 30 cmH2O Inspiratory pressure with 10 cmH2O PEEP at a rate of 10 breaths min -1.
· Attach intended breathing system to ventilator.
· Set maximum vacuum to -200 cmH20 when inlet occluded.
· Open suction flow control to a free suction flow of 30 lpm.
· Attach a closed suction system with a 14 Fr catheter fully retracted (important in some systems to produce a gas tight seal)
· Attach a test lung with a compliance of 10ml / cmH2O (+/- 10%) to the patient connection port of the closed suction system
· Advance suction catheter into test lung
· Operate suction control on closed suction system for 3 seconds whilst withdrawing
· Confirm PEEP does not drop below 5 cmH2O
· Retract suction catheter fully. Repeat 5 times
· Repeat but increase suction time to 30 seconds, (PEEP will be lost, and alarms may sound)
· Confirm ventilator returns to default settings when suction is stopped
EMC Testing
•	A thorough risk analysis should be undertaken ideally as part of an overall risk management process as defined in ISO 14971. The risk analysis must form the basis for specifying EMC test requirements.
•	The highest potential-risk environment should be considered. Rapidly manufactured ventilators can be used in traditional healthcare facilities (such as ICUs) as well as spaces converted for the care of large numbers of COVID-19 patients (such as convention centres, university dormitories, etc.).
•	It is recommended that the manufacturers undertake the following tests:
o	Protection of the Public Mains Network – IEC 60601-1-2 clause 6.1.3 (AS/NZS 3200.1.2 clause 36.201.3). Note: battery powered devices are excluded unless a battery charger forms part of the device.
o	Emissions – IEC 60601-1-2 clause 6.1 (AS/NZS 3200.1.2 clause 36.201)
o	Immunity – IEC 60601-1-2 clause 6.2 (AS/NZS 3200.1.2 clause 36.202
The TGA expects that great care is taken to ensure risks regarding electromagnetic compatibility have been mitigated, and if RMVS have not been tested against 60601-1-2 then the ventilators must be clearly labelled as not having been tested for EMC and warnings to keep the devices away from possible sources of electromagnetic emissions must be prominent. These warnings must be duplicated in the IFU, and clearly communicated to healthcare facilities.
•	The risk assessment and relevant testing results and mitigation (such as labelling, warnings and IFU updates) should be included in the manufacturer’s risk management files and provided to the TGA.
Control system and software-development requirements
A rapidly manufactured ventilator system incorporating software is likely to be a high-risk device that will almost certainly, before the implementation of software risk control measures (RCMs), have the capability to cause serious injury or death.  Because it is likely that the software will be developed to an accelerated life cycle, the TGA recommended that the following principles be adhered:
· Where possible, software for a rapidly manufactured ventilator system should be developed in a facility that has experience of developing software using IEC 62304 and ISO 14971. 
· The software is developed under strict process control using a quality management system such as specified in ISO 13485 (ideally) or ISO 9001;
· A process is followed to determine the risks arising from the operation of software and to mitigate those risks, and a software development process is followed to achieve a low probability of failure of the software in use.  Both can be most easily done by the application of ISO 14971.
· Less emphasis need be placed on the requirements of ISO 62304 ISO 62304 software post-production monitoring and maintenance processes. 
Minimum steps:
1. The system (incl. software) development must be planned.
The system requirements specifications must be translated into software requirements specifications.
There must be enough software architecture and software design to enable the risks arising from the use of the software and associated hardware to be determined.
The risks arising from the operation of the software and associated hardware (e.g., microcontrollers) must be identified and the risk control measures (RCMs) translated into system requirements. Special attention must be paid to any software of unknown provenance or off-the-shelf software used during the development process (including where incorporated into the device).
The implementation and effectiveness of the RCMs must be verified and validated.
Verification and validation of the system (including software) must be performed and documented.  This may include simulations of the device operation.
The outputs of the software must be reviewed against the software requirements prior to the release of the software. 
The manufacturer must produce a technical file for review by the TGA.  The technical file must include, at minimum:
1. The software/system-development plan.
1. System and software requirements specifications.
1. Software architecture and software design specification documents.
1. Risk-management documentation: hazard analyses, plans, reports.
1. Evidence of verification and validation (plans, protocols, methods, and reports).
1. Labelling and instructions for use, including software release notes.
Note: If the ventilators are intended to be connected, or connectable, to a network, cyber-security risks and compliance with IEC 80001 incl. relevant ‘part 2’ standards should be included in the risk management files. 
References
ISO 13485—Medical devices—Quality management systems—Requirements for regulatory purposes
ISO 9001—Quality management systems
IEC 62304—Medical device software—Software life cycle processes
ISO 14971—Medical Devices—Application of risk management to medical devices


Duty cycle test - 14 Day 
The device must achieve 100% operating duty cycle for at least 14 days in order to demonstrate basic reliability of the device and durability of core components. The number of samples tested in this way will be reported as part of the TGA permission to supply for the information of healthcare facilities, as this relates to the validated reliability of the device (on a statistical basis). 
[bookmark: _GoBack]The device should be operated on a test lung (or equivalent equipment) for 14 days continuously. During the duty cycle test the device must be monitored for faults with any faults being recorded in a test report. Any critical faults such as (but not limited to) interruption in core ventilator function, failure of critical alarms, or faults that would lead to a direct safety risk for patients (e.g. electrical, oxygen delivery) must be recorded as part of the test report, the critical fault must be rectified, and the test repeated.  Any stoppage of the device during the test, correction of faults, replacement of parts, or reconfiguration the components must be recorded in the test report. 
Daily sub-test of Alarms and settings 
In order to demonstrate reliability of the device, in particular control systems triggering alarms, the following procedure should be adopted during the test each day:
1. A setting on the device should be changed (e.g. tidal volume, oxygen delivery) and the response recorded. 
2. An alarm should be triggered, and cleared through the creation and removal of an artificial fault condition. 
The results of these daily sub-tests should be recorded as part of the test report (preferably in a tabular fashion – clearly recording the results for each day).  
If a device suffers a critical failure during the testing, the test should be restarted on a new device.
Accuracy test following duty cycle test
Following the completion of the 14 day duty cycle test the device should be re-tested for accuracy – table 1 or 3 respectively (for volume or pressure controlled devices).  With any failure to meet the target criteria highlighted in the test report. 
If any components are changed following the duty-cycle test but prior to the accuracy test, this must be noted in the test report.   

Page 1 of 1
Test procedures and results template for ventilators for use under the COVID-19 Ventilator Exemption	Page 23 of 23
image1.png




