




















































Report : Underread of P867RA on Ohmeda 3700e oximeter.  

05-07-02. 

Twee probes tested: 	0F61092252, 0F61092262, 0F61092263. 

Spec: Red 660+I-3nm: All probes OK. 
Infrared 940+I-10nm: All probes at very lowest wavelength to meet specs. 

LED electrical characteristic CF61092252 (probe alone). 

LED electrical characteristic CF61092262 (probe alone). 



LED electrical characteristic: 0F61092252 (probe with adapter fitted). 

LED electrical characteristic: 0F61092262 (probe with adapter fitted). 

LED electrical characteristic: 0F61092263 (probe alone). 



LED electrical characteristic CF61092263 (probe v \Ath adapter fitted). 

Probes tested Wth adapter cable fitted 

Conclusion:  

Infrared emitters fitted in these probes do not conduct sufficiently high levels of 
current to be compatible Wth the Ohmeda 3700e, resulting in low readings of sp02. 

Action req' d:  

Alternativey: 

1. Replace LED's with components capable of conducting higher levels of current for 
the infrared emitter. 

2. Fit a series diode resistor combination in parallel to the infrared emitter to increase 
current Wth the driving 3700e thereby increasing displayed sp02. 

























































VIAM ED 

Analysis of complaints & Customer Feedback 

Oluneda failed on some very thin patients. 

Problem located in too much light transmitted through detector pads. 

Pads changed to Black Problem resolved. 

Electronically the probes were identical with OEM. 

Clinical trials for long-term use are on going. 

Datex original probes have had many problems which the compatible has tried to correct. 

The use of better screening and a high quality cable has been sucessful. 

Two version of Oximeter are available. 

The P872RA does not work well on the Cardiograph II 

Nellcor some problems using Nellcor on HP Merlin have been encountered. 

CEMARK SPOPROBE ccfb 	 FEBRUARY 24, 1998 



Mr T Sant, 
Manager, 
Adverse Incident Centre, 
Medical Devices Agency 
Hanibal House, 
Elephant & Castle, 
London, 
SE1 6TQ. 

27 November 2001 

MDA Ref 200011105.011-3 

Dear Mr Sant. 

We are somewhat confused concerning the above reported adverse incident. 

This incident concerns an accessory which was returned to us for repair. If the object concerned 
was current it would bear the original manufacturers CE mark. The advice we have been given and 
our interpretation of the MDD has led us to believe that we cannot add our CE mark to a repaired 
product of another manufacturer. 

We also believe that if we add "Viamed" instructions to a repaired product which could in any way 
be interpreted by the original manufacturer as incorrect we would leave ourselves open to litigation. 

In over 35 years of medical equipment/accessory repair I have never included instructions with the 
repaired product unless the manufacture's instructions had been originally supplied by the user 
with the product sent in for repair. It has always been our belief that Hospitals were obliged to have 
procedures in place to ensure that the user was fully trained to use the equipment purchased. If you 
interpret this situation differently please let me know. 

The Viamed repair facility was first audited by BSI in June 1994 when we gained B55724 BS EN 
ISO 9002 and specifically covers the "Repair, maintenance, and servicing of medical monitoring, 
ventilation, and anaesthetic equipment, including that carried out on customer premises" 

This was upgraded in 1998 to include EN46002, and both were upgraded in 1999 to BS EN ISO 
9001/EN46001 where design was added to the scope. The relevant technical/design/customer 
complaint/ and post market surveillance files are in position and active. 

As to the repair of Pulse oximeter probes we have always attempted to recycle as many of the 
components as possible from the original manufacturer, specifically the active devices. 

The problem relating to placement has been well known with oximetry users and manufacturers for 
almost 20 years and is a function of human physiology. 

We have re-examined the problem and believe it may be of assistance to include labels which state 



"Please refer to the original manufacturers instructions" 
"For best results from pulse oximetry the finger sensor LED's and detectors should be aligned over 
the finger nail". 

These labels we feel are general and do not contradict or vary from information supplied 
continually by the manufacturers since pulse oximetry was introduced. 

Concerning the probes we manufacture. These probes are compatible with the original 
manufacturer, carry a CE mark, have instructions included to follow the original manufacturers 
instructions, 

Yours sincerely 

John S. Lamb 
Managing Director. 



Probe Information: P856RA 

Standard Nellcor equivalent 
Supplied as is from MCI 

No problems currently Known 

Connector 
9 Pin D 
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Appendices.  

A 
	

Effect of resistor value on displayed Sp0 2  reading usinfg the Ohmeda 3700e, 3740, 
3800 and 3900 model oximeters. 

Test of Ohmeda adult finger probe, Lot 27299. 
Test of P867RA serial no. 0024898. 

Test of P867RA serial no. 0024898 after disconnection of inner & outer shields. 
Test of Aristo range of probes as standard. 

Test of P867RA (prototype)'s embodying optical components from Aristo 
disposable probes (adult, neonatal, infant & pediatric). 

O : 

	

	Test of second P867RA (prototype) embodying Aristo disposable (neonatal) optical 
components. 

H : 

	

	Test of P867RA (prototype)'s embodying optical components from Aristo range of 
disposable probes by Part & Lot number. 

I: 
	Test of P867RA (prototype)'s from Medical Cables, Inc. 

J : 
	Test of P867RA (prototype) embodying optical components from Dai Shin. 

K : 

	

	Test of P867RA (prototype)'s embodying optical components from Dolphin 
disposables. 

L : 

	

	Test of P867RA (prototype) embodying Viamed optical components (PDI) with 0 
rings immediately infront of LED and detector. 
Test of P867RA (prototype)'s embodying optical components from Ohmeda 
originals. 

N : 
	Test of P867RA (prototype) embodying CSI LED. 

O : 
	Test of P867RA (prototype) embodying Dai Shin optical components. 

P : 

	

	Test of P867RA (prototype) embodying MCI optical components and Ohmeda 
original cable. 

Q 
	

Test of P867RA (prototype) embodying PDI optical components and Ohmeda 
original cable. 

R: 
	Comparison of Viamed standard cable to two types of Ohmeda original cable (white 

& blue/grey). 
5: 
	Test of P867RA (prototype) using MCI optical components / Viamed cable and 

inner shield to connect pin 9 and detector cathode. 
T: 
	Test of P867RA (prototype) using MCI optical components / Viamed cable and 

outer shield to connect pin 9 and detector cathode. 
U : 

	

	Test of shortened P867RA's (prototype) using MCI optical components / Viamed 
cable. 

✓ : 

	

	Test of P867RA's (prototype) using MCI optical components / Viamed cable 
stripped of outer jacket and outer shield. 
Pin to pin capacitance checks on satisfactory & non-satisfactory P867RA 
(prototype)'s in comparison to Ohmeda original adult finger probe. 

4. 



X: Test of P867RA (prototype) embodying Dai shin sample optics. 

Y: Test of P867RA (prototype)'s constructed based on PDI optics and each new cable 
type (larger conductor cross sectional area with inner & outer screens & standard 
conductor cross sectional area with inner screen only). 

Z: Test of 25 from 50 P867RA (production) manufactured based on P867RA 
(prototype) CA59328715. 

AA: Test of 2 x P867RA (production) from the above batch after reworking to become 
P867RA (prototype) attempting to establish the cause of the under read. 

AB: Test of 3 x P867RA (production) from the above batch after reworking to become 
P867RA (prototype) attempting to establish the cause of the under read. 

AC : Test of 3 x P867RA (production) from the above batch after reworking to become 
P867RA (prototype) attempting to establish the cause of the under read. 

AD : Test of P867RA (production) reworked with parallel connection from pin 4 to LED 
common anode. 
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Introduction. 

Viamed Ltd specialise in pulse oximetry probes and have successfully developed, marketed and 
supported these types of products for over 25 years. A comprehensive range of probes are 
available, both as finger type probes and as 'Y' probes. 

The Viamed, Ohmeda compatible adult finger probe, the P867RA, has been supplied worldwide 
with no inaccurate readings reported whilst this type of probe has been used with Ohmeda 3700, 
3700e and 3740 model pulse oximeters. After release of the Ohmeda 3800 pulse oximeter in mid 
1999, a number of customers (initially Ysbytygwynedd Hospital (Bangor), Southmead General 
Hospital (Bristol) & Northern General Hospital (Sheffield) reported that the P867RA could read 
up to 2% lower than the equivalent Ohmeda adult finger probe. 

The disclosed accuracies for the Ohmeda 3800 pulse oximeter are, (80- 100%) +1-2%, (60- 
79.9%) +/- 3%, (below 60%) unspecified. It is considered that a typical reading from a Viamed 
P867RA still falls within the accuracy tolerance of a 3800 oximeter and Ohmeda original probe. 

In the interest of resolving customer queries, an investigation was initiated to establish why there 
should be any discrepancy between a displayed SO 2  reading derived from an Ohmeda original 
adult finger probe and the P867RA. 

This report intends to document the investigation to date and to record the sequence of events in 
order to satisfy the following goals :- 

1. To develop an Ohmeda compatible pulse oximetry probe which derives displayed oxygen 
saturation readings of at least equivalent value in comparison to a typical Ohmeda original 
adult finger probe when on a human finger using the 3700, 3700e, 3740 and 3800 model 
pulse oximeters. 

2. To ensure that the finger probe developed to satisfy point (1) also derives a displayed oxygen 
saturation reading of at least equivalent value in comparison to a typical Ohmeda original 
adult finger probe when on the DL-3000 simulator(*) using the 3700, 3700e, 3740 and 3800 
model pulse oximeters. 

3. To scientifically prove the root cause of the difference in reading and support a new design 
P867RA satisfying points (1) and (2) with documentary evidence of accurate readings derived 
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from it and it's compatibility with the Ohmeda series of pulse oximeters. 

(*). The DL-3000 Sp0 2  simulator is a piece of test equipment developed by Viamed Ltd and 
allows a given oximeter and probe combination to be tested throughout the clinical range of 
saturations (100% - 60%). It produces a calibrated output in response to the signals from the 
oximeter under test, in order to produce a displayed saturation on that oximeter. It is not intended 
to be an infallible test, however simulators in general are being more increasingly used as a 
means of evaluating the performance of probes prior to release into mainstream use. 
The theory of pulse oximetry.  

A pulse oximeter and probe relate the arterial oxygen concentration of blood to a displayed 
percentage oxygen reading known as Sp0 2 . 

Sp02  is defined as the percentage arterial haemoglobin saturation with oxygen as measured by a 
pulse oximeter and displayed as a percentage. 

As most people know, the colour of blood alters as a function of the level of dissolved oxygen it 
contains, irrespective of the person being tested. As blood deoxygenates, it becomes increasingly 
less impermeable to red light. The tissue loses it's pinkish appearance, taking on a blue tint. The 
pulse oximeter measures the "blueness" of arterial blood, whilst ignoring the patients natural 
pigmentation, the venous blood and any other major absorbers, and displays this blueness in 
terms of saturation. 

The colour of blood is dependent on the optical properties of haemoglobin, in particular, the 
difference in optical properties of a haemoglobin molecule when carrying oxygen compared to 
when it is not. Figure 1 below shows the extinction curves resulting from the presence of oxy-
haemoglobin (Hb0 2) and reduced haemoglobin(Hb) in comparison to wavelength. 
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Figure 1 : Diagram showing absorption (extinction coefficient) versus wavelength for oxy- 
haemoglobin(Hb0 2) and deoxy-haemoglobin(Hb).  

Note  : Logarithmic scales are used up the vertical axis and a higher extinction coefficient at a given wavelength 
indicates that more transmitted light will be absorbed than otherwise. 

At 660nm (typical wavelength of red light), the extinction coefficient of oxy-haemoglobin (Hb0 2) 
is at it's lowest, whereas the extinction coefficient of reduced haemoglobin (Hb) is high. At 
930nm (typical wavelength of near infrared light), the extinction coefficient for oxyhaemoglobin 
(Hb02) is high compared the extinction coefficient of reduced haemoglobin (Hb) which is lower. 

When red light with a typical transmission wavelength of 660nm, is passed through a tissue site 
supplied with healthy arterial blood with high dissolved oxygen content, large amounts of light 
pass through the site unobstructed due to the presence of majority Hb0 2. A relatively small 
amount of transmitted light is absorbed by the minority Hb present. Relatively obstructed red 
light being allowed to pass through blood with high dissolved oxygen content is the reason why 
highly oxygenated arterial blood appears to the human eye to be bright red in colour. 
Should Hb0 2  present decrease, absorption of red transmitted light at 660nm wavelength increases 
due to the increasing presence of Hb - the extinction coefficient of Hb is approximately 10 times 
that of Hb0 2  at 660nm. When transmitted light at this wavelength is passed through a site 
supplied with healthy venous blood with relatively low dissolved oxygen content, a lessor 
amount of transmitted light passes through the site unobstructed. The relatively high absorption 
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of red light as it passes through blood with low dissolved oxygen content is the reason why 
deoxygenated venous blood appears to the human eye to be dull red in colour. 

This is shown schematically in Figure 2 - as percentage saturation increases from left to right 
across the horizontal axis, absorption of red light at 660nm decreases. The relationship is linear 
throughout the entire range of 0% Hb0 2, 100% Hb to 100% Hb0 2, 0% Hb. The extent of negative 
gradient of the line is a indication of the difference in absorption levels for the two types of 
haemoglobin at this wavelength. 

100% 	 50% 07Hb 	 100% 
Rlib 	 SO% RIM* 	 Oltit 

OXYGEN SATURATION 

Figure 2 : Absorption of red light at 660nm compared to the level of blood saturation.  

When infrared light of typical transmission wavelength of 930nm, is passed through a tissue site 
supplied with healthy arterial blood with high dissolved oxygen content, a large proportion of 
transmitted light is absorbed by the majority Hb0 2 . 
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Figure 3 : Absorption of red light at 930nm compared to the level of blood saturation.  

Should Hb02  present decrease, absorption of infrared transmitted light decreases due to 
increasing levels of Hb - the absorption coefficient of Hb is approximately 1.5 times that of Hb02 
at 930nm. When transmitted light of 930nm is passed through a tissue site supplied with healthy 
venous blood with low dissolved oxygen content, a smaller proportion of transmitted light is 
absorbed by the presence of Hb. 

This is shown schematically in Figure 3 - as percentage saturation increases from left to right 
across the horizontal axis, absorption of infrared light at 930nm increases. The relationship is 
linear throughout the entire range of 0% Hb0 2, 100% Hb to 100% Hb0 2, 0% Hb. The extent of 
positive gradient of the line is a indication of the difference in absorption levels for the two types 
of haemoglobin at this wavelength. 

Sp02  measurement relies on two essential facts, 
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4. Oxygenated and deoxygenated haemoglobin absorb uniquely different amounts of different 
wavelengths of light. 

By Beers Law, at least n wavelengths are required to identify any one absorber in a system of 
n absorbers. 

It has already been shown that the two types of haemoglobin we wish to identify do indeed have 
unique extinction curves. By Beers Law, to identify a single absorber in a system of two 
absorbers requires two transmission wavelengths. Red and near infrared light sources are 
normally selected, giving a large difference in absorption levels. 

An SO2  finger probe contains a red and infrared light source on one side of the clip, normally in 
the form of a dual LED package. Immediately opposite a detector is sited, normally a 
photodiode. The pulse oximeter activates the two light sources in an alternating sequence. When 
measuring the return from the detector due to the pulses of red and infrared light striking it, the 
oximeter can determine the level of red and infrared light absorbed through the patients' tissue. 
Some pulse oximeters have a period when both light sources are off which is used to assess the 
level of ambient light striking the detector as shown below in Figure 4. 

RED 

LIGHT LEVEL 

Figure 4 : Diagram showing the sequence of pulses of red and near infrared and measurement of  
ambient light (neither red nor infrared on).  
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The Sp02  value of interest is that of the arterial blood supply. The pulse of arterial blood during 
the heartbeat varies the level of light absorption. The detector produces a voltage dependent on 
the level and wavelength of light falling on it. There are four elements present in the output from 
the detector; an AC signal during the red pulse, a DC level during the red pulse, an AC signal 
during the infrared pulse and a DC level during the infrared red pulse. AC components of the 
detector output are derived from the movement of the blood during the pulses of arterial flow and 
the DC levels are due to tissue, bone and relatively stationary venous blood. Refer to Figure 5. 
The amplitude of both AC signals and DC levels are dependent on the intensity of light 
transmitted. 

VEL 

TIME 

Figure 5 : Schematic representation of AC signal and DC level produced by transmission of the  
given wavelength of light through living tissue.  

Modern day pulse oximeters then derive what is known as an `R' ratio. In order to do this, they 
firstly derive 'corrected AC' by dividing the AC component of the detector signal by the DC 
component for each transmission wavelength. This eliminates the need to monitor the initial 
transmission intensity as had to be done with early generation pulse oximeters. The corrected AC 
is a function of only the extinction curves of the two types of haemoglobin and the path length of 
the arterial blood through which the light has passed. 

When corrected AC (red) is divided by the corrected AC (infrared), the `R ratio' is obtained :- 
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The `R ratio' = Corrected AC (red) ÷ Corrected AC (infrared) 
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Figure 6 : Diagram showing the relationship between R ratio derived  
and displayed 5p02.  

In many pulse oximeters, when the calculation for R ratio equals 1.00, the value of SO 2  is 85%. 
R ratio values of less than 1.00 indicate above saturations above 85% and R ratio values greater 
than 1.00 indicate saturations below 85%. These can be seen in Figure 6. 

When the R ratios for all 51)02 readings are put together, practically from 60% to 100%, the `R-
curve' is formed. The R-curve value derived allows the detector returns to be related to the 51)02 

reading displayed to the value of blood oxygenation obtained by blood gas analysis. Since the 
relationship as shown in Figure 6 is non-linear, a cross reference table is held within the 
oximeters memory allowing the R curve value derived at a given time to be converted into the 
displayed 5p02  value. 
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R curve values are dependent on the returns from the probe detector and the exact method of 
calculation or software algorithm employed. 

More recent models of pulse oximeter, such as the Ohmeda 3800, have made a distinction 
between 'functional' and 'fractional' measurement of Sp0 2. Functional 5p02  measurement is 
oxygenated haemoglobin expressed as a percentage of haemoglobin capable of carrying oxygen. 
Fractional 51)02 is the percentage of oxygenated haemoglobin when compared to all types of 
haemoglobin. 

Construction of the P867RA. 

Shown in Figure 7 is a schematic wiring diagram of the Viamed P867RA, Ohmeda compatible 
adult pulse oximetry finger probe. 
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Figure 7 : Schematic wiring diagram of the Viamed P867RA adult, Ohmeda compatible, pulse  
oximetry finger probe.  

This type of finger probe is constructed from a number of individual parts. Those parts through 
which electrical signals pass are felt to be the most likely cause of a difference of 2% in readings. 
It would be premature to conclude that a single component part of the P867RA would cause the 
problem being investigated. It is felt that it is more likely that the 2% difference in readings is as 
a result of the cumulative action of a number factors and that any differences highlighted through 
the investigation should not be dismissed as being negligible. 

Possible factors resulting in a difference in displayed 5p0 2  readings.  

The only signal which can be monitored by the connected oximeter is the return from the 
detector. Any change in the properties of the probe which affects the return from the detector 
has the potential to alter the displayed 51)02 reading. 

It is felt that the most likely cause of the discrepancy in reading is a change in overall resistance 
or capacitance of the electrical aspect of the probe or change in wavelength / optical properties of 
the emitters / detectors. 

Optical components : Change in wavelength. 
transmission intensity. 
vf . -(RED) 

" " Vf -(INFRARED) 

" " Vf -(DET) 

leakage currents. 
shunt resistance. 
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Cable : 	 Change in resistance per unit length. 
capacitance per unit length. 
performance of shields. 
material of conductors. 
no. of conductors per bunch. 

" 	" cross sectional area of conductors. 
coatings on conductors. 
bunch jacket thickness or material. 
cable jacket thickness or material. 

Connector : 	Change in resistance of pin material per unit length. 
effectiveness of connection from male probe pin to 
oximeter female socket, coating on pins. 

Resistor : 	 Change in value of resistor. 

Other factors : 	Change in effectiveness of solder joints. 
type of solder used. 
clarity of probe windows. 
electrical properties of clear silicon. 
optical properties of backing silicon. 
external influence. i.e. electro-magnetic interference etc, 

any effect of cable clamp. 
external temperature. 

Table 1: Listings of most likely factors to result in a discrepancy in 5p0 2  reading. 

Investigation.  

Accuracy of R curves installed in the DL-3000 simulator 	Jan 2001 
checked using latest generation Ohmeda adult finger probe and 
displayed 51)02 readings taken on the 3700e, 3740 & 3800 
oximeters. Conclusion : Results taken for comparison. 
Customer reports checked - typical P867RA SN 0024898 	Jan 2001 
taken from stock reads low ; 2% against the DL-3000 simulator 
and 1% on the human finger. Conclusion : Valid customer 
reports. 
Disconnection of probe shields found to cause error message of 	Jan 2001 
"probe failure" using the 3800 oximeter. Conclusion : 3800 
model oximeter is more sophisticated in it's monitoring of 
probe detector return than previous models.  
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Aristo disposable range of probes evaluated on 3700 and 3800 	Jan 2001 
model oximeters. Displayed 5p02 readings derived from Aristo 
disposable (neonatal) prove to be most accurate against the DL- 
3000 simulator and on the human finger. Conclusion : Aristo 
disposable (neonatal) selected as most suitable for further 
evaluation. 
Aristo disposable (adult), Aristo disposable (neonatal), Aristo 	Jan 2001 
disposable (infant) and Aristo disposable (pediatric) as tested in 
Appendix D stripped of optics and built into Viamed P867RA 
(prototype)'s. Prototypes tested - accurate results from 
prototype using Aristo disposable (neonatal) optics. 
Conclusion : P867RA (prototype) using Aristo disposable 
(neonatal) optics selected for further evaluation. 
Second P867RA (prototype) built using Aristo disposable 	Mar 2001 
(neonatal) optics. Both prototypes independently evaluated by 
two individuals producing accurate results. Both P867RA 
(prototype)'s sent to Southmead General Hospital for approval. 
Full test of optics from Aristo disposables carried out - Aristo 	May 2001 
disposable (neonatal) again prove most accurate. 2 x 
prototypes approved by Southmead General Hospital. Batch of 
25 P867RA's manufactured, proven to read accurately after 
testing and released (SN BE51423214 - BE51423238 inc.). 
4 P867RA (prototype) from Medical Cables, Inc. received and 	June 2001 
tested. Prototype probes read 3% low when tested on the 3800 
oximeter against the DL-3000 5p02 simulator. Conclusion : 
Unsuitable. 
Sample LEDs and detectors received from Dai Shin and fitted 	July 2001 
into P867RA (prototype). Prototype tested but reads 2% low 
on the 3800 oximeter against the DL-3000 5p02 simulator. 
Conclusion : Dai shin sample optics are unsuitable. 
2 x P867RA (prototype) assembled using optics from Dolphin 	July 2001 
Ohmeda compatible disposables. Prototypes tested but under 
read by 2 to 3% on the 3800 oximeter against the DL-3000 
sp02 simulator and by 2% on the human subject. Conclusion : 
Dolphin disposable optics are unsuitable. 
P867RA (prototype) constructed using Viamed optics (PDI) 	July 2001 
with an 0 ring immediately infront of LED and detector. 
Prototype reads 2% low on the 3800 oximeter against the DL- 
3000 5p02 simulator. Conclusion : P867RA (prototype) is 
unsuitable. 
P867RA (prototype)'s assembled and tested using LED, 	July 2001 
detector or both from Ohmeda originals and PDI optics. 
Conclusion : Change of LED to Ohmeda original allows 
prototype to read accurately against the DL-3000 and on a 
human subject. 
P867RA (prototype) assembled and tested using salvaged CSI 	July 2001 
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LED with 2 x infrared emitters but doesnot read on the DL-
3000. Conclusion : CSI LED unsuitable and probably other 
LEDs with 2 x IR emitters will prove unsuitable. 
P867RA (prototype) assembled & tested using Dai Shin 	Aug 2001 	0 
samples optics (LED with 2 x IR emitters) but proven not to 
read on 3700 & 3800 against the DL-3000. Conclusion : Dai 
Shin optics as above are not suitable. 
P867RA (prototype) assembled as standard (MCI optics) 	Aug 2001 
except using Ohmeda original cable & tested - under read on 
3800 oximeter model reduced to 1%. Conclusion : Change of 
cable to Ohmeda original improves under read on the 3800 
oximeter. 
P867RA (prototype) assembled as standard (PDI optics) except 	Aug 2001 
using Ohmeda original cable & tested - under read on 3800 
oximeter model reduced to 1%. Conclusion : Change of cable 
to Ohmeda original improves under read on the 3800 oximeter. 
As detailed as possible comparison made between Viamed 	Aug 2001 
standard cable and two types of Ohmeda original cable (white 
& blue/grey) - Ohmeda original cable very different in 
construction and materials used. Conclusion : Samples of cable 
sent of for specialist evaluation and recommended new cable 
ordered. 
P867RA (prototype) constructed as standard (MCI optics) and 	Sept 2001 
Viamed cable but with inner shield making connection between 
pin 9 and detector cathode - found to under read by 2% against 
the DL-3000 simulator on both the 3740 and 3800 model 
oximeter and to under read on the human finger by 2% to 3% 
on the 3800 oximeter. Conclusion : This prototype is not 
suitable. 
P867RA (prototype) constructed as standard (MCI optics) and 	Sept 2001 
Viamed cable but with outer shield making connection between 
pin 9 and detector cathode - prototype does not work on either 
the 3700 or 3740 models and under reads on the 3800. 
Conclusion : This prototype is not suitable. 
3 x P867RA's (MCI) shortened to a length where they were 	Sept 2001 
found to read correctly on the Ohmeda 3800 oximeter against 
the DL-3000 Sp02 simulator. Conclusion : Shortening the 
cable length of stock P867RA (MCI) proven to be a suitable 
modification to eliminate underread problem. Unfortunately an 
8ft version of the P867RA is not practical for use in operating 
theatres, therefore investigation to continue to find alternative 
solution to satisfy goals. 
1 x P867RA's (MCI), serial no. 1B25743 stripped of outer 	Sept 2001 	V 
jacket and outer shield and outer jacket substituted with 
heatshrink tubing. P867RA (prototype) created evaluated. 
Conclusion : Removal of outer jacket and shield causes the 
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reading shown on the 3800 oximeter to increase by 1%. 
Pin to pin capacitance checks made on P867RA (prototype)'s 	Sept 2001 
serial nos. 1B25733 and 1B25743 against Ohmeda original 
adult finger probe, Lot27299 and as stock P867RA serial no. 
1B25731 (proven to read 2% low on the 3800 oximeter against 
the DL-3000 simulator). Conclusion : Unable to pin point a 
difference in readings taken, that could be proven to cause the 
under read problem on the 3800 oximeter. 
Dai shin sample optics embodied into P867RA (prototype), 	Oct 2001 	X 
3.6m, standard wiring connection. Conclusion : Dai shin 
sample LED transmits infrared on the incorrect wavelength. 
P867RA (prototype) does not read on the DL-3000 51)02 

simulator and is hence unsuitable. 
New cables received and P867RA (prototype)'s constructed 	Dec 2001 
based on PDI optics and each cable type (larger conductor 
cross sectional area with inner & outer screens & standard 
conductor cross sectional area with inner screen only). 
Conclusion : Both P867RA (prototype)'s derive displayed sp02 
reading for exactly the target 51)02 value against the DL-3000 
spo2 simulator in the range 100 - 80%. P867RA (prototype) 
CA59318715 selected as most suitable probe. 
Batch of 50 P867RA (production) manufactured based on 	Jan 2002 
P867RA (prototype) CA59328715. Full DL-3000 test carried 
out of 50% of the batch at random. Conclusion : Good results 
from all P867RA (production) on the 3700e oximeter against 
the DL-3000 51)02 simulator. Poor results from all P867RA 
(production) on the 3800 oximeter against the DL-3000 51)02 

simulator. Typical underread of-3% at 98% simulated 5p02. 

2 x P867RA (production), serial nos. CB59538943 & 	Jan 2002 	AA 
CB59538947, taken from the above batch and proven to read 
2% low on the DL-3000 51)02 simulator. Both probes checked 
in comparison to P867RA (prototype), serial no. CA59328715 
and reworked to become P867RA (prototype) attempting to 
establish the cause of the under read. Conclusion : Accuracy of 
displayed 51)02 readings improved by using yellow / blue drive 
leads in parallel to LED common anode. 
3 x P867RA (production), serial nos. CB59538955, 	 Feb 2002 	AB 
CB59538967 & CB59538971, taken from batch and proven to 
read 2% low on the DL-3000 51)02 simulator. Both probes 
checked in comparison to P867RA (prototype), serial no. 
CA59328715 and reworked to become P867RA (prototype) 
attempting to establish the cause of the under read. Standard 
workshop techniques used except soldering done at higher 
temperature. Conclusion : Displayed 51)02 readings improved 
by using yellow / blue drive leads in parallel to LED common 
anode against the DL-3000 simulator. Sp0 2  readings taken the 
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human subject are also consistent. 
3 x P867RA (production), serial nos. CB59538959, 	 Feb 2002 	AC 
CB59538965 & CB59538980 taken from batch and proven to 
read 2% low on the DL-3000 5p02 simulator. Probes checked 
in comparison to P867RA (prototype), serial no. CA59328715 
and reworked to become P867RA (prototype) attempting to 
establish the cause of the under read. Completely standard 
workshop techniques used. Full evaluation in comparison to 
P867RA (prototype) serial nos. CB59538955, CB59538967 & 
CB59538971. Conclusion : Displayed 5p02 readings improved 
by using yellow / blue drive leads in parallel to LED common 
anode against the DL-3000 simulator. Sp0 2  readings taken the 
human subject are also consistent for the three prototypes. 
Manufacture techniques used for rework P867RA (prototype)'s 
CB59538959, CB59538965 & CB59538980 as per standard 
workshop production. Results above sufficiently consistent to 
warrant rework of remaining 42 P867RA (production) in batch 
CC5953. 
Batch CB5953 P867RA (production) reworked based on March 2002 AD 
improved results of P867ra (prototype)'s using two parallel 
connection from pin 4 to common anode. Full DL-3000 
simulator and on-human tests carried out of the entire reworked 
batch. Conclusion : Good results from first 20 P867RA 
(reworked production) on the 3700e. Improved results from 
first 20 P867RA (reworked production) on the 3800 - current 
failure rate of 4 in 20, 20%.  

Conclusion of investigation.  
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FAX REF.: 	 Page 1 of 1 
DATE 	 20 May 1997 

Jack Kimbro 
UDT Sensors Inc. 
12525 Chadron Ave.: Hawthorne, CA 90250 . USA 

Dear Jack, 

Samples of Ohmeda Probes  

We are testing your samples of Ohmeda probes with our tester and are finding inaccuracies of around 2% 
low at 99% and 2% High at 60%. 

This could be because you have matched LED's to a probe with 56K ohm resistors. 

Most Ohmeda appear to have 68K. 

NB We have simulated a resistor change from 20K to 94K ( limits our Ohmeda instrument accepts) we 
can change the accuracy by about 5% at 60% but only 0.5% at 98%. 

Tomorrow we are going to test the probes on a Oximeter tester and on a Bio-Tec Index. 

Is there any chance you can build a probe using an Ohmeda with a 68K? 

We need to find a combination that not only works on the patient but works with the simulators. 

If you cannot obtain a sample please let us know. 

Kind Regards, 

John S. Lamb. 

CC Medical Cables Inc. 

Clarretn,N=ax 001 310 644 1727 
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P867RA underead on 3800 : SW: 03-05-01.  

4 Aristo lot no. / Part nos selected to be built up into Viamed clips - results as follows :- 

Part no. 241-1, Lot no. 0038-1 (line 1 from table) 

3700 oximeter. 
DL3000 target : 98 	97 96 95 90 85 80 
Displayed : 98 	97 96 95 90 86/85 81/80 
Human : 98/97 (SW) 

3800 oximeter. 
DL3000 target : 98 	97 96 95 90 85 80 
Displayed : 97 	96 95 94 89 83 78 
Human : 98 (SW) 

Conclusion : OK. 

Part no. 241-1, lot no. 0031-2 (line 2 from table) 

3700 oximeter. 
DL3000 target: 98 	97 96 95 90 85 80 
Displayed : 97/96 96 95 94 90 85 81 
Human : 96 (SW) 

3800 oximeter. 
DL3000 target : 98 	97 96 95 90 85 80 
Displayed : 96 	95 94 93 88 83 78 
Human : 96 (SW) 

Conclusion : Unsuitable. 

Part no. 241-1. lot no. 0027-3 (line 3 from table) 

3700 oximeter. 
DL3000 target : 98 	97 96 95 90 85 80 
Displayed : 97 	96 95 94 89 85 80 
Human : 97(SW) 

3800 oximeter. 
DL3000 target : 98 	97 96 95 90 85 80 
Displayed : 96/95 	95 94 93 88 83 78 
Human : 96 (SW) 

Conclusion : Unsuitable. 

Part no. 241-1, lot no. 0038-1 (line 15 from table) 

T:\K. 	 - 	 itdo 
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3700 oximeter. 
D43000 target 98 	97 96 95 90 85 80 
Displayed : 98 	97 96 95 90 86 81 
Human : 100 (SW) 

3800 oximeter. 
DL3000 target 98 	97 96 95 90 85 80 
Displayed : 98 	97 96 95/94 89 84 79 
Human : 99(8W) 

Conclusion : OK. 
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Results of tests on MCI based P867RA (special) : SW: 17-08-01. 

As stock except slightly shortened. 

Wavelength (red) : 654.7-658.0nm. 
Wavelength (infrared) : 931.5nm. 
Resistor : 21.889kolun. 
Length : 
Forward diode voltage (red) : 1.5V. 
Forward diode voltage (infrared) : 1.0V. 
Forward diode voltage (detector) : 0.4V. 
DL3000 module returns (attenuated setting) : Red, 39, Infrared, 26. 
Reads 96% 011 3800 against DL3000. 
Human : SW : 97%. 

'lest of emitters and detector (voltages and currents measured at connector). 
Detector test c/o sheilded from ambient light. 

MCI LED removed.  

Red current at 	Infrared current at 	Detector voltage in 	Detector voltage in 
measured voltage . 	measured voltage, 	response to red, 	response to infrared. 

700mV, 	 700mV, 
750mV, 	 750mV, 
800mV, 	 800mV, 
850mV, 	 850mV, 
900mV, 	 900mV, 
950mV, 	 950mV, 
1000mV, 	 1000mV, 
1050mV, 	 1050mV, 
1100mV, 	 1100mV, 
1150mV, 	 1150mV, 

1200mV, 	 1200mV, 	 1200mV, 	 1200mV, 
1250mV, 	 1250mV, 
1300mV, 	 1300mV, 
1350mV, 	 1350mV, 
1400mV, 	 1400mV, 
1450mV, 	 1450mV, 
1500mV, 	 1500mV, 
1550mV, 	 1550mV, 
1600mV, 	 1600mV, 
1650mV, 	 1650m V, 
1700mV, 	 1700mV, 
1750mV, 	 1750m V, 
1800mV, 	 1800mV,  

As stock except Ohmeda T,ED fitted & slightly shortened. 
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Wavelength (red) : 	 nm. 
Wavelength (infrared) : 
Resistor : 	 kohm. 
Length : 
Forward diode voltage (red) : 	V. 
Forward diode voltage (infrared) : 	V. 
Forward diode voltage (detector) : 	V. 
DL3000 module returns (attenuated setting) : Red„ Infrared, 
Reads 	% on 3800 against DL3000. 
Human: SW 

Ohmeda LED fitted.  

Red current at Infrared current at Detector Detector 
measured volt measured voltage. to red. response to infrared. 

700mV, 
750mV, 
800mV, 

700mV, 
750mV, 
800mV, 

850m V. 850m V. 

1200mV, 
1250mV, 

900mV, 

1200mV, 
1250mV, 
1300mV, 
1350mV, 

900mV, 
950mV, 950mV, 
1000mV, 1000mV, 
1050mV, 1050mV, 
1100mV, 
1150mV, 

1100mV, 
1150mV, 

1200mV, 1200mV, 

1300mV, 
1350mV, 
1400mV, 1400mV, 
1450mV, 1450mV, 
1500mV, 1500mV, 
1550mV, 1550mV, 
1600m V, 1600m V, 
1650mV, 1650mV, 

1700mV, 1700mV, 
1750mV, 1750mV, 
1800mV, 1800mV, 
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Underread of P867RA probes on Oluneda 3800 Pulse Oximeter: 19-01-01 

Aristo range of probes evaluated on 3700 & 3800 pulse oximeters 
Recorded Sp02 as below 

DL Human  

Aristo Finger: 3700: 94% 100 
3800: 94% @ 97% 99 

Aristo Y Probe: 3700: 94% 99 
3800: 94% @ 97% 97 

Aristo Disposable: 3700: 95% 99 
(Adult) 3800: 94% @ 97% 99 

Aristo Disposable: 3700: 97% 98 
(Neonatal) 3800: 96% @ 97% 97 

Aristo Disposable: 3700: Can't Test on DL 99 
(Paediatric) 3800: Can't Test on DL 99 

Aristo Ear Neonatal 3700: 95% 99 
3800: 94% @ 97% 99 

Aristo DOT.: 3700: 95% 99 
(Adult) 3800: 94% @ 97% 98 

OSS Disposable 3700: 97% 100 
3800: 95% @ 97% 98 

* Aristo disposable neonatal selected as the most consistent 5p02 reading on simulator and human subject. 
Aristo disposable Adult noted to have alternative detector, therefore selected also as a comparison. LED's 
& Detectors from both probes removed and fitted into Viamed Finger probes for further evaluation, 
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Prototype P867RA (labelled Al, based upon Aristo disposable adult optics. 

DL3000: 97 95 90 80 70 60 

3700: 95 93 89 80 71 62 

3800: 94 93 88 78 69 59 

Human: 3700: 98 
3800: 96 

Prototype P867RA (labelled A2, based upon Aristo disposable neonatal optics. 

DL3000: 97 95 90 80 70 60 

3700: 97 95 90 80 70 61 

3800: 97 95 90 80 70 60 

Human: 3700: 99 
3800: 99/98 

Prototype Al shows "inconsistent" readings, therefore rejected 
Prototype A2 shows "consistent" readings, therefore further evaluated 

Test of prototype A2 on Human subjects  

Subject 3700 3800 

MS 99/98 99 
SW 99 99/98 
AB 99/98 98 
MFG 98 98 
DB 98 98 
JB 98 98 
RT 98 98 
SV 98 98 
LN 97 98 
MS 100 100 
RA 99 98/97 
All 97 96 
ML 96 97/96 
RM 99 99 

Prototype probe A2 seems to reproduce Sp02 values consistently ± 1% on both 3700 & 3800 oximeters. 
Alignment problems minimised, as below, however recommend index marks to be introduced, and optics 
moved forward more towards the finger nail area. 
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Aligned: 3700: 100/99 3800: 99 
Misaligned: 3700: 98 3800: 98 
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Test results of P867RA fitted with Ohmeda components : SW: 20-08-01.  

Z probes built using Ohmeda original LEDs and MCI / PDI detectors Both probes 
constructed as per stock supplied MCI P867RA's Results as below :- 

Ohmeda LED, PDI sensor.  

DL target 98 94 	80 	70 	60 
3700 98 94 	80 	70 	61 

DL target 98 94 	80 	70 	60 
3800 98 94 	80 	69 	59 

Human (SW) 3700, Ohmeda original . 97 3700, Probe as above . 97 
3800, Probe as above 	96 3800, Ohmeda original 	97 

Ohmeda LED, MCI sensor.  

DL target 98 94 	80 	70 	60 
3700 98 94 	80 	70 	60 

DL target 98 94 	80 	70 	60 
3800 98 94/93 80/79 69 	59 

Human (SW) 3700, Ohmeda original : 98 3700, Probe as above : 97 
3800, Probe as above 	98 3800, Ohmeda original 	97 

Conclusion. 

Only change in these probes to stock MCI P867RA's is change of LED package. 

Based on current understanding of the DL-3000, LED package change should not have an 
effect on derived SpO2 values as the DL-3000 should continue to produce identical red to 
infrared ratios regardless of the change. 

The only difference identified between the packages fitted above and MCl/PDT LED 
packages is the red wavelength : Ohmeda 650.5nm, MCI 658.0nm and PDI 
658.0nm (measured on Prema 9001) 

Action  Build prototype using 650nm red emitter to eliminate this as source of underread 
Samples requested to be sourced by SN from Dai Shin or alternative supplier at 650nm / 
93 Onm respective ly 
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Test results  of P867RA fitted with Oluneda components : SW: 20-08-01.  

2 probes built using Ohmeda original LEDs and MCI / PDI detectors Both probes 
constructed as per stock supplied MCI P86718A's Results as below :- 

Ohmeda LED, PDI sensor  

DL target 98 94 	80 	70 	60 
3700 98 94 	80 	70 	61 

DL target 98 94 	80 	70 	60 
3800 98 94 	80 	69 	59 

Human (SW) : 3700, Ohmeda original : 97 3700, Probe as above : 97 
3800, Probe as above : 96 3800, Ohmeda original 	97 

Ohmeda LED, MCI sensor 

DL target 98 94 	80 	70 	60 
3700 98 94 	80 	70 	60 

DL target 98 94 	80 	70 	60 
3800 98 94/93 80/79 69 	59 

Human (SW) . 3700, Ohmeda original . 98 3700, Probe as above . 97 
3800, Probe as above : 98 3800, Ohmeda original 	97 

Conclusion. 

Only change in these probes to stock MCI P867RA's is change of LED package 

Based on current understanding of the DL-3000, LED package change should not have an 
effect on derived Sp02 values as the DL-3000 should continue to produce identical red to 
infrared ratios regardless of the change 

The only difference identified between the packages fitted above and MCl/PDI LED 
packages is the red wavelength Ohmeda 650 mm, MCI 658 Onm and PDI 
658.0nm (measured on Prema 9001). 

Action  : Build prototype using 650nm red emitter to eliminate this as source of underread 
Samples requested to be sourced by SN from Dai Shin or alternative supplier at 650nm / 
930nm respectively. 
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Sunman of investi anon into P867RA underread 0113800 codmeter . 

Start of investigation into this problem Jan 02. 

From this date the following prototypes have been constructed and tests carried out :- 

	

Jan 2001 	Aristo disposable range of probes evaluated on 3700 & 3800 pulse oximeters. 
Aristo Disposable (neonatal) gave best results and optics used from these 
probes until stocks exhausted. 

probes but prove to read low. 

	

2001 	4 x MCI supplied prototypes 
- all read low.  

	

2001 	P867R A assembled and teste 
- reads low. 

July 2001 

July 2001 

July 2001 

Aug 2001 

Aug 2001 

P867RA's assembled using Dolphin disposable optics 
- all read low . 

1)86712A assembled using 0 
- reads low. 

13267R A's assembled using LED, detector or both from Ohmeda originals 
- conclude that change of LED to Ohmeda cures or compensates for underread. 
CSI LED with 2 x infrared emitters fitted - doesnot read on DL-3000. 

P867RA assembled using Dai Shin samples - LED with 2 x IR emitters on 
board 
- doesnot work on DL-3000, underreads on both 3700 & 3800 oximeters. 

P867RA assembled using MCI optics, Ohmeda original cable, 23k2 resistor 
and our remaining parts 
- component changes cure or compensate for the underread on the 3800. 

Sept 2001 	3 x MCI built P867RA's progressively shortened with regular testing 
- found that all three probes read correctly when reduced to 8 ft. 
- also found that the physical removal of cable outer screen cures the undenead 
on probe at 12 fit length. 
Recommendation made that all P867RA's supplied as new or repaired as of 
this date are shortened to 81 
Cable comparison made between ours and Ohmeda. Pin to pin checks carried 
out between good and bad probes for capacitance 
- unable to identify a difference between cable / probe types with only 12 ft 
lengths to examine. 
Cable samples provided to SN to be externally checked. 
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- Results suggest change of cable to that with greater conductor cross sectional 
area. Cable ordered, one as above and standard cross sectional area sample 
without outer screen. 

Oct 2001 	P867RA assembled using high output infrared LED from Dai Shin 
- read on finger, doesnot work on DL-3000. 

Jan 2002 	2 x P867RA's assembled using new cables 
- both read accurately throughout the range. 
- prototype with inner screen only earmarked as modification to be embodied 
into further manufactured P867RA subiect to satisfactory testina. 

Both prototypes thither evaluated 
- Results good - both probe prototypes return the target Spo2 value in the range 
100 - 80% 
- Maximum error - /- 1% below 80%. 
- Spo2 values displayed alter by -1% when correctly aligned compared to 
incorrectly aligned. Ohmeda original finger probe - displayed Spo2 doesnol. 
alter. 
- Recommend optics are moved forward such that the probe cannot be placed 
on the finger incorrectly, fingertip against end stop, probe optics above and 
below finaer nail. 

Jan Feb 	Prototype probes to be tested and tables generated comparing displayed Spo2 to 
2002 	probe resistor value for the three Ohmeda models available (3700, 3740 & 

3800. 

Investigation carried out by S Watmough, Technical Engineer, Viamed 
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Test results of shortened MCI based P867RA's: SW: 03-09-01.  

1 x MCI P867RA progressively shortened to a length where it was found to read correctly 
on the Ohmeda 3800 - 8 feet in length. 

2 x further MCI P867RA' s shortened to 8 ft - results for all 3 probes as below 

probes built using Ohmeda original LEDs and MCI / PDI detectors. Both probes constructed 
as per stock supplied MCI P867RA's. Results as below :- 

#1B25730. 

DL target 98 94 90 80 70 60 
3700 98 94 91 81 71 62 Human 98. 
3740 98 94 91 80 71 61 Human 98 
3800 98 94 90 80 70 60 Human 98 

#1B25733  

DL target 98 94 90 80 70 60 
3700 98 94 90 81 71 61 Human : 97. 
3740 98 94 90 80 70 61 Human : 98. 
3800 98 94 90 80 70 59 Human 98. 

#1B25748.  

DL target 98 94 90 80 70 60 
3700 98 94 90 81 70 61 Human : 98. 
3740 98 94 90 80 71 61 Human : 98. 
3800 98 94 90 80 70 60 Human : 98. 

Conclusion Suitable modification to eliminate underread problem. 
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Test results of shortened MCI based P867RA's: SW: 03-09-01.  

1 x MCI P867RA progressively shortened to a length where it was found to read correctly 
on the Ohmeda 3800 - 8 feet in length. 

2 x further MCI P867RA' s shortened to 8 ft - results for all 3 probes as below 

probes built using Ohmeda original LEDs and MCI / PDI detectors. Both probes constructed 
as per stock supplied MCI P867RA's. Results as below :- 

#1B25730.  

DL target 98 94 90 80 70 60 
3700 98 94 91 81 71 62 Human 98. 
3740 98 94 91 80 71 61 Human 98 
3800 98 94 90 80 70 60 Human 98 

#1B25733  

DL target 98 94 90 80 70 60 
3700 98 94 90 81 71 61 Human : 97. 
3740 98 94 90 80 70 61 Human : 98. 
3800 98 94 90 80 70 59 Human 98. 

#1B25748  

DL target 98 94 90 80 70 60 
3700 98 94 90 81 70 61 Human : 98. 
3740 98 94 90 80 71 61 Human : 98. 
3800 98 94 90 80 70 60 Human : 98. 

Conclusion Suitable modification to eliminate underread problem. 
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