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R-22Vi Oxygen Sensor Test Results

Introduction 

A number of customers have reported issues regarding the lifespan of Viamed R-22MEDV sensors when used as a matched pair in Draeger Isolette 8000 incubators [fig.1]: sensors are failing prematurely, whilst still within the warranty period. 
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fig.1


In many Neonatal Units, Isolette 8000 incubators are continuously either in operational use or in standby mode with a pair of sensors inserted into the gas module [fig.2], which is housed at the top of the incubator hood with the sensors inside the patient atmosphere [fig.3]. 

	[image: image2.jpg]



fig.2
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fig.3


As such, the sensors are exposed to temperatures in the mid 30’s Celsius for 24 hours a day from installation. Typical operating settings are: 

34°C and 50% Relative Humidity for a medium pre-term baby (~34 weeks)

38°C and 95% Relative Humidity for a very pre-term baby (~24 weeks)

Incubators are not left connected to oxygen supplies whilst on stand-by and, as the access door seals have been removed for cleaning prior to being left on stand-by, there will have been complete flush-out of any residual oxygen.

Working on the premise that the primary cause of premature failure may be directly linked to the very demanding operating environment, Viamed is developing a variant of the R-22, known as R-22Vi, which is more tolerant to high temperatures.


Testing Method

An initial batch of 10 R-22Vi sensors was matched into pairs, including an intentionally poorly matched pair (pair 1) to provide evidence on the tolerances that the Isolette 8000 can accept. 

Each pair of sensors was subject to an air calibration and then an oxygen calibration in 2 separate gas modules that were transposed into the same incubator so as to ensure continuity of environmental conditions.

Results


	Pair
	Serial No
	Output

mV
	Offset

μV
	Output 

Difference

mV
	Offset Difference

μV
	Module 1 Air & O2 cal
	Module 2 Air & O2 cal

	1
	A142136
	13.44
	60
	0.54
	12
	Pass
	Pass

	
	A142140
	12.90
	48
	
	
	
	

	2
	A142131
	12.96
	40
	0.01
	0
	Pass
	Pass

	
	A142139
	12.95
	40
	
	
	
	

	3
	A142137
	12.8
	49
	0.04
	1
	Pass
	Pass

	
	A142135
	12.76
	48
	
	
	
	

	4
	A142133
	12.65
	62
	0.02
	26
	Pass
	Pass

	
	A142138
	12.63
	36
	
	
	
	

	5
	A142134
	12.62
	49
	0.03
	8
	Pass
	Pass

	
	A142132
	12.59
	41
	
	
	
	


All pairs passed on both gas modules in air and oxygen calibrations. 

Pair 1, which has an output differential between sensors of 0.54 mV and a sensor that has an output of 13.44 mV, passes. Based on previous test data, this sensor would have been expected to fail calibration. See Appendix 1 for historical test data.

Appendix 1 indicates that an air calibration failure occurred when either sensor was outside of the range 7.25 mV to 13.0 mV; the 2016 data indicated a slightly wider tolerance as a successful calibration was achievable with one sensor at 13.44 mV.

Appendix 1 indicates that an air calibration failure occurred if the difference in output between sensors is greater than 1.5 mV. However, as the report also indicated that an oxygen calibration failure will occur if the difference in output between sensors at 100% oxygen is greater than 2.0 mV, it is necessary to use the corresponding air outputs for sensors that would exhibit a 2.0 mV output differential in oxygen so as to prevent oxygen calibration failures following a successful air calibration:

2.0 / 100 * 20.95 = 0.419 mV differential in air
Historically, calibration problems arose when using the R-24MED (10.0 mV to 17.0 mV), as some sensor outputs were too high. Problems were also reported when using the R-22MED (7.0 mV to 13.0 mV), as some outputs were too low. 

Based on the 2002 test data, Viamed determined the true input tolerance of the Drager 8000 Isolette under test* to be:

7.25 mV to 13.0 mV in air with a maximum output differential of 0.419 mV

*This specification was based on tests carried out on a single incubator.


This data informed the move towards pairing Teledyne R-22MED sensors in the range of 9.0 mV to 13.0 mV with a maximum 0.4 mV differential, which sits comfortably within the specification. This largely eradicated calibration issues, hence when Viamed specified its own R-22MEDV, the same specification was used.

Following the introduction of the Viamed R-22MEDV matched pair, some users reported calibration failures after a few months in use but still within the warranty period, as per the example below:

At the point of QA testing:

s/v V04817 - 11.445 mV, offset 40 μV

s/n V04835 - 11.560 mV, offset 45 μV

After 4 months in service (after error “Oxygen Cell Difference” reported):

V04817 - 10.9mV - offset 238 μV

V04835 - 10.6mV - offset 281 μV


The sensor outputs are well within the range that would be expected to calibrate, however, the offset specification of the R-22Vi is <200 μV and the offset value of these sensors has risen outside of that range. 

Conclusion

Initial calibration tests on the R-22Vi appear to be successful, the next stage is to determine whether the problem of lifespan has been resolved, which will require long-term use in the intended application.

Appendix   - 1 Historical test report from October 2002

Report : Blackpool Victoria Hospital : Evaluation of Hill Rom Isolette incubator.

Attended by S. Watmough & S. Hardaker, 01-10-02.

Met by Mr P. Dunn at Medical Engineering Dep’t.

Incubator worked on serial no. RZ05582.

Incubator demonstrated by Mr Dunn to fail calibration procedure with 2 x R24MED O2 sensors fitted, serial nos. 862058 (13.2mV in air) & 862061 (13.4mV in air).

Test 1 : Incubator calibration c/o repeatedly using a single Microcal [2016 Editor’s note: a certified, calibrated voltage source] to simulate the pair of O2 sensors required, attempting to establish the range of acceptable O2 sensor voltage.

Result :

Calibration c/o satisfactorily, 
cell output in the range 7.25mV to 13.0mV.

Calibration failed, cell output outside the above range.

Test 2 : Incubator calibration c/o repeatedly using 2 x Microcals to simulate the pair of O2 sensors required, attempting to establish whether one channel has priority and the acceptable difference in O2 sensor voltage for satisfactory calibration.

Result :

Calibration c/o satisfactorily when both O2 sensor voltages lie in the range 7.25mV to 13.0mV.  If either O2 sensor voltage lies outside this range the calibration fails.

Neither channel noted as having priority over the other, however change in channel 1 O2 sensor voltage was seen to change displayed O2% after successful calibration whereas change in channel 2 O2 sensor voltage did not change displayed O2%.

Test 3 : Incubator successfully calibrated using 2 x Microcals set to 10.0mV. The difference between each channel progressively increased attempting to establish the limit at which the incubator shows the error message “oxygen cell different”.

Result :

At a displayed O2% of 21% the difference between cells when the incubator shows “oxygen cell different” found to be approximately 1.5mV.  It did not seem to make any difference whether channel 1 was high / channel 2 low or vice versa.

At a displayed O2% of 100% the difference between cells when the incubator shows “oxygen cell different” found to be approximately 2.0mV.  It did not seem to make any difference whether channel 1 was high / channel 2 low or vice versa.

Conclusion : This incubator will accept cell voltages in the range 7.5mV to 13.0mV.  This is typically an R22MED sensor however an R22MED below 7.5mV would fail to calibrate.  O2 sensors should be fitted with no more than 1mV difference between them.   Cell degradation resulting in a significant difference at any O2 concentration will cause the incubator to show an error message.
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