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FPage 3 of 15




Trtroduction

Viamed TLid specialise m pulse omrretry probes and have successfully deweloped,
rarketed and supported these types of products for over 25 wears A comprehenswe
ratge of probes, are avatlable, both as finger type probes and as “T" probes.

The Vimed, Ohmeda compatble adut finger probe, the P267RA, has been suppled
worldwide wih no maccurate readmgs reported whilst this type of probe has been used
wih Olrneda 3700, 3700e and 3740 model pulse csrreters.  After release of the Ohmeda
3800 pulse crarreter m ormud 1999, a murber of customers (ntwlly  Ysbybyewnmedd
Huspilal (Baggn’y, Sudlluiead  Guomal Husplal Eielol & Mol Soocal FHospilal
(Sheffield) reported that the PSSTRA could read up to 2% lower than the equmalert
Chimeda adult finger probe.

The disclosed accuracies for the Chmeda 3800 pulse cmmeter are, (80 - 100%6) +-2%,
(E0-79.900y L 304G, (below A00%) wspecttied. Tt = conmidered that a twpical readig fom
a Vamed P86TRA still falls wihn the acouracy tolerance of a 3800 csrreter and
COhrmeda orignal probe,

In the rterest of resoling custormer queries, an rwestigation was mitiated to establish
wihy there should be any discrepancy between a displaved BpOs reading derved from an
Chrmeda origmnal adult finger probe and the P8&TEA

This report mtends to document the rwestigation to date and to record the sequence of
everts 1 order to satisfiy the following goals:

1. To develop an Ohmeda corrpatble pulse cxretry probe which derwes displayed
oxygen sabwration readings of at least equwalent wale m comrparison to a typical
Ohreda origmnal adut finger probe when on & haran finger usmg the 3700, 3700e,
3740 and 3800 model pulse oxtmeters.

2, To ensure that the finper probe developed to satisfy port (1) ako dermes a
displayed OxXygen satration reading of at least equivalent valle i corrpariscn to a
typical Chrmeda original adut finger probe when on the DL-3000 strulator(®) using
the 3700, 3700e, 3740 and 3800 model pulse cximeters.

: | To sciertificalty prove the root cause of the difference m readmg and support a
new design P8SVRA satsfmng ports (1) and (2) with docurentary evidence of
acouratc readmgs dorved from toand f's corpatbidiy wih the Chmeda sorics of
pulse oxrmeters.

(*).  The DL-3000 SpQ; strulator 5 a piece of test equpment developed by Viarmed Lid
and alows a gwen cmmmeter and probe combiation to be tested throughout the cliueal
range nf sshwatiems CIOMES - ANRSY T preodhices & ealihreated  mtpat w0 response to the

signals from the cmeter under test, n order to produce a displayed sabwation on that
cxtreter. Tt 5 not ntended to be an mfallble test, however srrulators n general are
betng more mereasrigly used as a means of evalmatmg the performance of probes prior to
release mto rramstream use.
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The theory of pulse osimetry.

A pulse omrreter and probe relate the arterial oxygen concertration of blood to a
displayed percentage oxygen reading known as SpOs.

BpO; 15 defined as the percentage artertal haemoglobm sabwation with osygen as
measured by a pulse osmeter and displayed as a percentage.

As most people lmow, the colowr of blood alters as a finction of the level of dissolved
waygel Lovuilaie, bespedlive ol e poison Leiy leslbed. As Dlood deuvaypoiales, L
becomes mcreasmgly less  trpermeable to red light The tissue loses ts  pmkish
appearance, takmg on a ble trt  The pulse ceumeter measures the “blueness” of arterial
blood, whilst ignormng the patiert’s nabwal pigmentation, the venous blood and any other
mmajor absorbers, and displays this blueness m termrs of saturation

The coloar of blood = dependert on the optical properties of haernoglobry m particular,
the difference m optical properties of a haemoglobm molecule when carryme  oxygen
corrpared to when t 15 not Figwre 1 below shows the estnction curves resubmg from
the presence of oxy-haemoglobn (Hbiy) and reduced hasrmoglobn (Hb) n corrparison to
wavelength

Fiore 1: Diagrarn showmg  absorphion  (estinction  coefficienty wversus  wavelength  for
av-haemoelobntHb 0y and decwr-haermoelobindHhb

Mote: Loganthric scales are used up the wettical asiz and a higher edinction coefficient at a given
vwavelength indicates that more tranzmitted kight will be absorbed than othervase.

At 660mm  (ypical wavelength of red lght), the estnction coefficient of omy-
teerioglobny Py s odl Ls lowesl, wheress e exliction coefoenl  of reduced
haemoglobm (Hby 15 hugh At 930mm (bypical wavelength of near mftared light) the
extmiction  coefficiert  for  ogy-haermoglobm (Hbly) 5 high  comrpared  the  extmnction
coefficiert of reduced haermoglobm (Hb), which 1= lower.

When red light wih o typioal tonorussion wovelength of €60mm, 15 passed through o
tissue ste suppled with heathy artertal blood wih high dissoled omygen cortert, large
arnourts of light pass through the ste unobstructed due to the presence of majorty HbOy.
A relatwely small amount of “transrtted light” 1 absorbed by the mmorty Hb present
Relatwely obstructed red light bemg allowed to pass through blood wih high dissolved
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ceygen cortert 5 the reason why highly omygenated arterial blood appears to the hurnan
eve to be bright red n colour.

Should Hbly present decrease, absorption of red transmited light at 66Cnm wavelength
ncreases due to the moreasmg presence of Hb - the edtmnction coefficient of Hb i
approzrately 10 times that of HbO, at 660mm  When transmted lght at this
wavelength 15 passed through a ste suppled wih heathy venous blood wih relatwely
low dissolved omygen cortert, a lesser amourt of transmited light passes through the ste
uwobstructed.  The relatwely high absorption of red light as t passes through blood wih
low dissoked cmygen cortert 15 the reason why decwygenated venous blood appears to
the hirman eye to be dull red n colour.

This 1= shown scherratically m Figre 2 - as percentage sahration mereases from left to
right across the horwmontal zoas, absorption of red light at 680mm decreases.  The
relationshpy 5 lnear throughout the entre range of 846 Hbiy, 100% Hb to 10086 Hbiy,
%% Hb. The edent of negatve gradient of the Ime = a mdication of the difference m
abeorption levels for the twro types cfhasmoglobim at this wavealength

AETERRTE - e, A

L= ETR =T

Fioure 2: Absorption of red light at 660nm corrpared to the level of blood saturation

When mftared light of typical transmssion wavelength of 930mm, 15 passed through a
tissue ste suppled wih heathy arteral blood wih high dissoled omygen contert, a
large proportion of “transrmited hght” 15 absorbed by the majorty Hbiy,

ABEENRAVES v a3 Lot

MO SlnnDsg e

Fioure 3: Absorption of red light at 930nm cormpared to the level of blood saturation

Shratld Hhiy present decrease, ahsomption of mffared  transmtted  Tight decreases due ta
ncreasng levels of Hb - the absorption coefficient of Hb 15 approsmately 1.5 times that
of HbC; at 930mm When transmted light of 930nm 15 passed through a tissue ste
supplied wih healty venous blood with low disoked oiygen cortert, a smaller
proportion of transrmtted lioht 15 absorbed by the presence of Hb.
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This 15 shown schematically m Figae 3 - as percentage safwation mcoreases fom leff to
right across the horizortal awis, absorption of mitared light at 930nm mcreases.  The
relationshp 15 lnear throughout the entre range of (8% HbC,, 10084 Hb to 10080 Hbis,
% Hb  The edert of postwe gradient of the lne 5 a mdication of the difference m
absorption levels for the two types of haemoglobm at this wavelength

BpO; measurernent relies on two essential facts,

L. Omygenated and decxygenated haermoglobm absorb  wugquely different amnourts of
differert wavelengths of Tight.

2 By Beers Law, at least n wavelengths are required to wdentify ary one absorber m
a system of n absorbers

It has already been shown that the two types of haempglobm we wih to wdentdy do
tdead have unique estncticn owrwes. By Beers Law, to slenftify a smigle ahsorher moa
systernn of two absorbers requires two transrssion wavelengths  Red and near mfrared
light sources are normally selected, gring a large difference m absorption levels

An Bp0, finger probe cortams a red and mffared light source on one side of the clp,
nortmaly nothe form of a dual LED package Tmmediately opposte a detector 15 stad,
norrally a photodiode. The pulse ommmeter actwates the two light sources m oan
afernatng sequence.  When measurmg the rebun from the detector due to the pulses of
red and mirared light stricng t, the omimeter can deterrne the level of red and mnfrared
light absorbed through the patients’ tissue  Some pulse omimeters have a period when
both light sowrces are off which 5 used to assess the level of ambient light stricng the
detector as shown below n Figure 4.

Figure 4 Diagram showmg the sequence of pulses of red and near mitared and
reasarament of arrbient gttt (hether red nor fivared o).

The 3pC; vale of mterest 5 that of the artertal blood supply  The pulse of artersal blood
durng the heartbeat varies the level of light absorption The detector produces a wolage
dependert on the level and wavelength of light fillng on & There are four elements
presst n the cutpit fom the detechbor, an AT signal during the red pulss, a DO level
durtng the red pulse, an AC signal durmg the mftared pulse and a DC level durng the
nitared red pulse AC componerts of the detector output are derwed from the moverrent
of the blood dumg the pulses of arterial flow and the DC levels are due to tissue, bone
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and relatwely stationary venous blood.  Refer to Figawe 5. The ampliude of both AC
sienals and DC levels are dependent on the rtensty of light transrmitted.

Fize 5: Bcharmatic reprosontation of A0 sl and DO lovel produced by tronormssion
ofthe grven wavelenoth of ight throueh lving tissue.

Modern day pulse cirmeters then derme what 5 known as an ‘R’ ratio. In order to do
this, they firstly derme ‘corrected AC' by dwdmg the AC componert of the detector
signal by the DO commponent for each transmission wavelength This elrrmnates the need
to montor the miil transmission rtensty as had to be done wih early generation pulse
cxareters.  The corrected AC 5 a fnchion of only the extmction curves of the two types

of haemoglobm and the path length of the arteral blood through which the light has
passed.

When corrected AC (red), 1= dmided by the corrected AC (nfrared), the ‘R ratio’ =
obtaned:

The ‘E ratio” = Corrected AC (red) - Corrected AC (nfrared)

= AC_F_E]:) - ACINFRAR_ED
DCrep DCrwrrareD

SintEgAEIERE oYY

Figure 6: Diagrarn showing the relationship between B ratio dermred
aned displaved spO-.
In many pulse csrmeters, when the calculabion for R ratio equals 1.00, the vale of 8pO;

£ 85%. E ratio valies of less than 1.00 mdicate abowe satarations above 85% and E ratio
valucs greater than 1,00 mdicate saturations below 8594, These can be scen n Tigurs €.

When the E ratios for all spQ; readings are put together, practically from 604 to 10084,
the ‘R-cuve’ 15 formed  The R-cuve vale derwed allows the detector retuns to be
related to the spOs readng displayed to the valie of blood cxygenation obtamed by blood
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gas analysis  Snce the relationship as shown n Figre 6 5 non-linear, a cross reference
table 1= held wihn the cximeters memory allowng the B cave valie derwed at a gwen
time to be converted mto the displayed spOs value,

R cuve valies are dependent on the reburs from the probe detector and the ewact method
of calculation or soffware algorthm ermrployed.

More recent models of pulse cmmreter, such as the Ohmeda 3800, have rmade a distnction
between ‘fnctional! and ‘factional measwerment of SpOs;. Functional — spOy
measremert 5 oxygenated haemoglobn  expressed as a percentage of haemoglobm
capable ol Ayl usyge Fravlingl  spds b e povadage ol vsyposlbed
haermoglobmn when compared to all types of haemoglobmn

Construction of the PEETR A

Shown i Figre 7 12 a echerrtic wirtng diagram of the Wiarmed P2ETRA, Chimeda
corrpatible adult pulse ostmetry finger probe.

Hypertronics Male 3 Pin Finger Prebe

Fioure 7: Bcherratic diagram of Viamed PE6TEA adult re-useable pulse cximetry fineer
probe.
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This type of finger probe 15 constructed from a murber of mdwidual parts  Those parts
through which electrical signals pass are fek to be the most lkely cause of a difference of
2% m readmngs It would be premabre to conchide that a smgle cormmporent part of the
P86TRA would cause the problem bemng rwestigated Tt 5 feb that t &5 more lzely that
the 2% diference m readmgs 15 as a resub of the cumulatwe action of a murber factors
and that any diferences highlighted through the mwestigation should not be disrmssed as
being neglighle.
Possible factors resulting m a difference m displaved spO4 readigs.
The only signal which can be montored by the comected omimeter 15 the rebn fom the
deleclo, Ay dewgge n Qe propalies of De podbe wlody alecls e celwn Do Qe
detector has the potertial to atter the displayed spOy; reading
It 15 fel that the most lkely cause of the discrepancy m readmng 15 a change m overall
resistance or capactance of the electrical aspect of the probe or change m wavelength /
optical properties of the erratters / detectors.
Optical corrpotents: Changs 1 wavalength

“ % fransrission rtensty.

“ % VgD
VinrraRED).

“ " Vipen),

# % lealrage curtents,

“ % shurt resistance.
Cable: Change n resistance per unt length

“ * capactance perunt length
performance of shields.
“ % mmaterial of conductors.
“ *“ no. of conductors per bunch
cross sectional area of conductors.

“ % coatrgs on conductors.

“ * bunch jacket thickness or material

“ % cable jacket thickness or rraterial
Zoftiector Change in resistance of pin rraterial per unit length

“ ¢ effectweness of commection frommale probe pmito

oxtmeter fermale socket, coating onpmns.

Resistor: Change n value of resistor:
Other factors: Change n effectveness of solder jorts.

" type of solder used.
clarty of probe windows.
electrical properties of clear silicon
optical properties of backmng sihcon
“ " external nflience. e electro-rmagnetic nterference ete,
arry pffart af rakle larmp
“  “ esternalterrperabure

Table 1: Listings of most lzely factors to result n a discrepancy 1 spQ; readig
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Trvestioation

App’x

Date

Details

Jan 01

Acaracy of R curves mstalled 1 the DL-3000 srrulator checked using latest generation
Chrreda adult finger probe and displayed spO; readings takeen onthe 3700e, 3740 &
3800 cxrreters. Conclision: Results taken for corrparison

Jan 01

Custorrer reports checked - typical PSETEA S 0324898 taken from stock reads lowr,
2% aganst the DL-3000 strulator and 1% on the hurman finger. Conclusion: Valid
custotmer repaorts.

Jan 01

Disconmection of probe shields found to cause etror message of “probe filre” usig the
3800 cameter. Conelusion: 3800 model csrmeter 15 more sophusticated nt's
rmontorng of probe detector rebarn than previous models,

Jan 01

Aristo disposable range of probes evalnated on 3700 and 3800 model cermeters,
Dusplayed sp0; readngs dermed from Ansto disposable (necnatal) prove to be most
accurate against the DL-3000 sinulator and on the human finger. Conchision: Aristo
disposable (necnatal) selected as most sutable for firther evaliation

Jan 01

Arssto disposable (adult), Arsto disposable (necnatal), Aristo disposable (nfant) and
Aristo disposable (pediatric) as tested m Appends D stripped of optics and buit nto
Viamed P8ETEA (prototype)’s. Prototypes tested - acourate results from prototype usng
Aurieto dispoesabla (noonatal) eptice. Conchision: PEETEA (prototyp o) uste Aristo
disposable (necnatal) optics selected for firther evaliation

Mar01

Second PSETEA (prototype) buit using Aristo disposable (neonatal) optics. Both
prototypes ndependently evabiated by two ndmiduals producing acourate resuts. Both
P26TRA (prototype)'s sert to Southmead General Hosptal for approval

May 01

Full test. of optics fom Aristo disposahles cartied ot - Aristo disposahle thecnataly

agamn prove most accurate. 2 x protobypes approved by Southmead General Hospial
Batch of 25 P86TRA’ s marmfactured, proven to read acourately after testing and released
(BN BE51423214 - BE51423238 mc.).

Jumie
01

4 PSETRA (prototype) from hledical Cables, Inc. recemed and tested. Prototype probes

read 3% low when tested on the 3800 oxtmeter agamst the DL-3000 spO5 srrulator,
Conchsion: Unsutable,

July 01

Sarrple LED' s and detectors recerved fromDait Shin and fited nto PEETEA (prototype).
Prototype tested but reads 2% low on the 3800 oxmeter aganst the DL-3000 spCy
strulator. Conclusion: Dat shin sarmple optics are unsutable.

July 01

2z P36TRA (prototype) asserrbled usig optics fom Dolphn Olrmeda corrpatible
disposables. Prototypes tested but under read by 2 to 3% onthe 3800 oxrmeter agamst
the DL-3000 spCy srmlator and by 2% on the human subject. Conehision: Dolphin
disposable optics are unsutable

July 01

PE6TRA (prototype) constructed usng Viarmed optics (PDI) wih an O rig romediately
n front of LED and detector. Prototype reads 2% low on the 3800 cxmeter aganst the
L3000 Spiy Sirulator, Conchision: PESTRA (protoype) s unsuiable.

July 01

P86TRA (prototype)’ s asserrbled and tested usng TED, detector or both from Ohrmeda
originals and PLT optics. Conclusion: Change of LED to Chrreda orignal allows
prototype to read accurately agamst the DL-3000 and on a human subject.

July 01

P2&TRA (prototype) asserrbled and tested usmg salvaged CBI LED with 2 % mitared
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ermitters but does not read on the DL-3000. Conclusion: C51 LED unsutable and
probably other LEDY s with 2 2 IR, erntters will prove unsutable.

Aug 01

PETRA (prototype) asserrbled & tested using Dat Shin sarrples optics (LED with 2 %
IR emitters) but proven not to read on 3700 & 3800 aganst the DL-3000. Conclision:
Dai Shin optics as above are not sutable

Aug 01

PE6TRA (prototype) asserrbled as standard (WICT optics) except usng Olrreda orgmal
cable & tested - under read on 3800-cxmeter model reduced to 1%, Conchusion: Change
of cable to Ohrmeda orgmnal srproves under read on the 3800 cxrmeter

Aug01

PE6TRA (prototype) asserrbled as standard (PDT optics) except usng Chimeda origmal
cable & tested - under read on 3800 oxrmeter model reduced to 1%6. Conclusion: Change
of cable to Uhmeda original irproves under read on the 550U oximeter.

Aug01

As detailed as possible cormparison made between Viamed standard cable and two types
of Ohrmeda origmal cable (white & blie/grey) - Chimeda original cable very different n
construction and rraterials used. Conchision: Barrples of cable sert of for specialist
evaliation and recormmended new cable ordered.

sept 01

PEGTRA (prototype) constacted as standard WCT optics) and Vianed cables but with
rner shield maleng comnection between pn 9 and detector cathode - found to under read
by 2% agamst the DL-3000 strulator on both the 3740 and 3800 model cirmeter and to
under read on the hurran finger by 2% to 3% on the 3800 cxrreter. Conclusion: This
prototype 15 not sutable

Sept 01

DEgTRA (prototypa) constructed as standard (AT optics) and Vinmed cable but wih
auter shield rreking cormection between pin 9 and detector cathode - prototype does nt
wotls on etther the 3700 or 3740 models and under reads on the 3800 Conclusion: This
prototype is not sutable

Sept 01

3 x P86TRA's (MCT) shortened to a length where they were found to read correctly on
the Ohmeda 3800 csmeter agamst the TOT-3000 0 SpO?2 simitator Conchsion
Shortenng the cable length of stock P8ETRA (MCIT) proven to be a sutable modification
to eltrmnate under-read problem  Unforfmately an 88 version of the P86TRA = not
practical for use m operatmg theatres, therefore mwestigation to cortrme to  find
atternatrve sobtion to satisfy goals.

mept 01

1 x PBeTEA s (MCT, serial no. 1B25743 stripped of outer jacket and outer shield and
outer jacket substhited wih heat-shrmk tbmng  PSSTRA (protofype) created evahated
Conchision: Femoval of outer jacket and stueld causes the reading shown on the 3800
ostmeter to ncrease by 194

Sept 01

Prto pm capactance checls made on PSSTRA (prototype)’'s seralnos. 1B25733 and
1B25743 agamst Ohmeda orgmal adult finger probe, Lot27299 and as stock PESTRA
sermlno. 1B25731 (provento read 2% low on the 3200 cxmeter agamst the DL-3000

strulator). Conchision: Unable to pmn port a difference m readings talzen, that could be
proven to cause the under read problern on the 3800 oximeter

Oct 01

Dai shin sarrple optics errbodied nto PSETEA (prototype), 3.6m, standard wirng
commection Conclusion: Dat shin sarrple LED transmits mitared on the meorrect
wavelength Pao7TRA (protofype) does not read on the TL-3000 sply strulator and is
hence unsutable.

Decl

New cables recetved and PAETRA (prototype)’' s constructed based on PLT optics and
each cable type (larger conductor cross sectional area with ner & outer screens &
standard conductor cross sectional area with rner screen only). Conchision: Both
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PE6TRA (prototype)'s derwve displayed spO; readmng for exactly the target spO; value
agamst the DL-3000 spo2 smrulator i the range 100 - 8084, P86TEA (prototype)
CAS59318715 selected as most sutable probe,

Jan 02

Batch of 50 PSETRA (production) rmanifachred based on PESTRA (prototype)
CAS59328715. Full DL-3000 test carried out of 5004 ofthe batch at random Conclusion:
Good results from all PRETEA (production) on the 3700e oxmeter agamst the DL-3000
spO; strulator. Poor results from all P86TRA (production) on the 3800 cximeter

agamst the DL-3000 spO; srrulator. Typical under-read of -3%% at 8% smulated spOs.

Jan 02

2 2 P8ETRA (production), sertal nos. CBS9538%43 & CB52538947, taken fromthe
above batch and proven to read 2% low on the DL-3000 spQy strulator. Both probes
checked in cormparison to PESTEA \prowoype), serialno. CAI$3257 15 and reworked 1o
become P86TRA (prototype) atterrpting to establish the cause of the under read.
Conchision: Accuracy of displaved spO; readings rrproved by ustge vellow [ blue drive
leads m parallel to LED cornmon anode.

Feb 02

3 2 P86TRA (production), serial nos. CB59538955, CB59538967 & CB59538971, taken
frombatch and proven to read 204 low on the DL-3000 spOq simulater. Doth probes
checked m corrparison to P8STEA (prototype), sertalno. CAS9328715 and rewcrlred to
become PEETRA (prototype) attermpting to establish the cause of the under read.

Standard worlzshop techniques used except soldering done at hisher terrperabire.
Conchision: Tisplayed spO; readngs mmproved by using vellow / blie drive leads n
parallel to TFET motrrnen atinde agast the TIT 23000 stmilators Spiig readings talren fn
the hurran subject are also consistent.

AC

Feb 02

3 2 P8ETRA (production), sertal nos. CB59538959, CB59538965 & CBI2538980 taken
frombatch and proven to read 2% low on the TL-3000 spO; strulator. Probes checked
in cormparison to PEETRA (prototype), serialno. CAS9328715 and rewarked to becorme
PEsTRA (prototype) atterrpting to establish the cause ofthe under read. Cotrpleately
standard worlzshop techruques used. Full evaluation n comrparison to PE6TEA
(prototype) serial nos. CB59538955, CB59538967 & CB59538971. Conclusion:
Displayed spO; readmngs mmproved by usng vellow / blue drive leads m parallel to LED
corrrnon anode agatst the DL-3000 strplator. SpOs; readings taken the hurman subject
are also consistert for the three prototypes. Marufachire techniques used for rework
PSSTRA (protobypey’ s CB59538959, CB52538965 & CB59538980 as per standard
wotlshop production  Results above sufficierthy consistent to warrant reworke of
remamning 42 PSETRA (production) n batch CC5953,

Mar (02

Batch CB5953 P867RA (production) reworked based on trproved resuls of P36TRA
(prototyper's ushg two parallel commection fom pm 4 to comrmon anode Full DL-3000
strilator and on-lorren tests carried o of the entire reworked batch Conclusion: Good
resuts from first 20 P86TRA (reworked productiony on the 3700e  Improved results
fromn first 20 PRETRA (reworked productiory on the 3800 - currert faibwe rate of 4 11 20,
2004,

May 02

Falled P2867RA (productiony from batch CB5953 (affer reworld) exarmmmed to establish
the causs of ther wider read Conclusion: Mo nwmjor  diference n oany nwaswed
pararreter can be pin ported as a threshold between acourate and under readng PSETRA
(prototype)s.

AF

July 02

Batch of 10 P86TRA (prototype) marufachured (CDe0310539 - CDe0310548) and tested
on the TL-3000 spo? srrulator and on the luman finger. Probes (ether passed or
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fatled) exarmned to establish cormponentis) caustg the under read problemn Conclusion:
Suspect low through current and or low IR light output of TR diodes leads i resulting n
under read.

AG

mept 02

Electrical characteristic of Chmeda Adult re-useable finger probe measired for red and
nfrared ermtters. Conchision: Ohmeda orignal adult re-useable finger probe, Lot 27259
accepts a far greater IR forward diode current than a typical Viarmed PSSTRA

Nov 02

10 = LED's selected based on gono-go measwrerert of 14.00mé forward IR diode
curent at 1200miV.  Batch of 10 P887RA (prototype) marufachred (CESC420655-
CEs420664) Measrements redone affer it mto wring hamess wth comnector and
after clp ft  Probes tested on the DL-3000 spo? srulator and on the human finger
Failed probes examined to establish componert)s) causing the under read problem
Irtensties of red and mffared emdters measured on all probes.  Conclusion: Agam
falled P2ETRA (prototypels can be seen to have lower forward IR diode currerts than
PE6TRA (prototypels which pass.  However at this time, ¢ carnot be conchided that the
lower rtensties of IR diodes on under readng probes 5 not the root cause on the
problom

Dec 02

Adapter cable mamufachred allowng TED common, IR diode cathode & red diode
cathode to be tapped mto. 3300 resstor miroduced n sertes nto LED commen, IR diode
cathode & red diode cathode. Conclision: 2nd IR diode miroduced n parallel with probe
IF diode proves that 3 x under readmng P867RA (prototype) can be rmade to read

accurately and rrplies that the slectrical prop arties on the probe az sensed by the 3800 =
mmore trportart than the rtensty of TR, ermtted.

Jan 03

New LEDY s recewed, PDI-E807S, and asserrbled rto 10 x PESTRA (prototype), batch
no. CL6261. Probes tested agamst the DIL-3000 and on the hurran finger. LED
charactersstics recorded to see ff any pattern could be seen to relate the diode rrpedance
to displaved SpQs valie 30 LED s tested to plot forward diode characteristics. Further
batch of 10 PSETRA (prototype), batch no. DAS262, with diodes taken from the above
30 at random Conclusion: PEETEA (prototype), batch CL&261, show promusng results
with no more than -1%% error at 98%4 agamnst the TL-3000. Anabysis of LED
characteristics / ermission wavelength does nct reveal a phiysical property that causes an
under read. PRETRA (prototype), batch DAG263, show very consistart results with 57%6
& 98% DL-3000 and 58% @ 60 % TIL-3000 (care taken durmg testing ofthese probes
to ensure that the alignment of the probe optics to test finger optics were as consistert. as
posshle formn probe to probe). Characteristics of LEDs 11 - 30 seemto be more
consistert than characteristics of previousty used PDI-ES35. PDI-ES07S does nict meet
the spectfication drawn up n Appendoz AT, however the part seerrs to rrprove the
reading of displayed SpUs by 1% (@ Y% against the DL~ SUUU.

Jan 03

P267RA (prototype), batchno. CLE261, fited with 43. Ckohm resistors. PEETRA
(prototype), batch no DAG263, fitted wih 43 Cleohm resistors. Probes tested agamst the
DIL-3000 and on the hurran finger. anode. Probe LED currernt tested @ 18000V (red) &
1200V (IR, Conclusion: One under readng probe m batch CL6261 also with the
lenmrest TE (I of all the probves, o wder reading, probes inbabch DAGEOS, Carant
fathure rate of 5%
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Conchision of twestigation

Irwestigation mto the under read shown by the Viamed PS86TRA adulb re-useable pulse
csrreter finger probe has taken some tire to bear fut  There have been a murber of

theortes that seemed promusmg after mtial trial but ubrrately when n foll production did
not provide the solfion requred.  kqually, musleadng resuts caused the mcorrect

decisions to be made and delays nourred.

At the conclision of the mwestigation, the present thoughts on the cause of the under read
are that the forward electrical characteristic of the mffared diode has to be a certam
slempiiess, Ls sl slape tenmie whbowwr IL appews Del poobes willy jlffaed diodes
which conduct less that cthers at a gwen forward wvoltage, would be more melned to
urider read than ctherwnise.

For exarrple, probe CL&2615122 shows a displayed spOg value of 96%0 agamst the DIL-
2000

spO, srrilator set at 98%; a 2% under read.  When the sarme probe 15 commected rto an
adapter cable boostmg the currert drawn by approsmrately 4md at a Vi (IR) of 1200V,
the displayed spO2 rises to 98%; no under read Components wihn the adapter cable
can be set such that the displayed spO; when wsmg the probe [/ estension combmation

trproves by oy +1%4.

Whether the ommeter drves a ‘Buly’ LED differently or mferprets the miormmation
rebrned from t's detector m the different way, the resut = an under read It cammot be
established whether gradient of the forward electrical characteristic of the mffared diode

at a port causes the under read or whether the overall shape over the entre range = the
crucial factor

At the present date, the current fathre rate if PS6TRA (prototype) embodyne PDI-ESOTS
LED's 15 5%. Wih only 20 probes mamufachred and tested, this fatlwe rate may be as
the resut of the srgle rogpe IED or a mherent problem  Ether way, full scale
production with testing of parts pricr to fit, testing of comrpleted probes on the cormponent
tester, followed by testng on the DL-3000 throughout the clnical range and finally
testing on a hoaran finger, should quickly highlight whether the PDI-ES078 LED

produces a consistertly accaurate probe,
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Report : Underread of P§S67RA on Ohmeda 3700e oximeter.

05-07-02.

Three probes tested: CF61092252, CF61092262, CF61092263.

Test result against DL-300( o.
CF61092252 | Initially reads 93%. Increases to 95% in approx 5 seconds, then increases to
stable 97% in approx 40 seconds.
CF61092262 | Reads 95% for full duration of test.
CF61092263 | Initially reads 93%, climbing to stable 97% in 5 seconds.

Probe SN 2 (red) nm. A (infrared) nm. Ident resistor Kohms.

CF61092252 658.0 928.3 56.2
CF61092262 658.0 928.3 56.3
CF61092263 658.0 931.5 56.7

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

LED electrical characteristic: CF61092252 (probe alone).

Vf (red) mV If (red) mA
1350 0.00
1400 0.00
1450 0.05
1500 0.11
1550 0.27
1600 0.81
1650 2.48
1700 5.79
1750 10.36 --- ---
1800 15.77 - ---

LED electrical characteristic: CF61092262 (probe alone).

Vi (red) mV. If red) mA Vi (nfrared) mV. If (infrared) mA

1350 0.00 850 0.04
1400 0.00 900 0.08
1450 0.05 950 0.17
1500 0.08 1000 0.38
1550 0.20 1050 0.91
1600 0.66 1100 2.08
1650 2.25 1150 4.08
1700 5.54 1200 6.76
1750 10.30 --- ---
1800 15.68 --- ---




LED electrical characteristic: CF61092263 (probe alone).

1350 0.00 850 0.04
1400 0.00 900 0.07
1450 0.03 950 0.14
1500 0.07 1000 0.33
1550 0.19 1050 0.93
1600 0.51 1100 2.53
1650 1.96 1150 5.72
1700 4.99 1200 10.33
1750 9.32

1800 14.68

LED electrical characteristic: CF61092252 (probe with adapter fitted).

If (red) mA Vf (infrared) mV
1350 0.00 850 2.45
1400 0.00 900 2.99
1450 0.05 950 3.58
1500 0.11 1000 4.30
1550 0.27 1050 5.33
1600 0.81 1100 7.16
1650 2.48 1150 10.12
1700 5.79 1200 14.28
1750 10.36 --- ---
1800 15.77 --- ---
LED electrical characteristic: CF61092262 (probe with adapter fitted).
If (red) mA VI (infrared) mV
1350 0.00 850 2.45
1400 0.00 900 3.00
1450 0.05 950 3.61
1500 0.08 1000 4.36
1550 0.20 1050 5.43
1600 0.66 1100 7.16
1650 2.25 1150 9.71
1700 5.54 1200 12.96
1750 10.30 --- ---
1800 15.68 --- -




LED electrical characteristic: CF61092263 (probe with adapter fitted).

If (red) mA

1350 0.00 850 2.45
1400 0.00 900 2.99
1450 0.03 950 3.58
1500 0.07 1000 431
1550 0.19 1050 5.45
1600 0.51 1100 7.61
1650 1.96 1150 11.35
1700 4.99 1200 16.53
1750 932

1800 14.68

Probes tested with adapter cable fitted:

Probe SN. | Test result against DL-3000 (@ 97%.

CF61092252 | 96% for 3 seconds then stable 97%.
CF61092262 | Reads 96% mitially, increasing to 97/98% from then on.
CF61092263 | Initially 96%, 97% in approx 1 second, then 98% from then on.

Conclusion:

Infrared emitters fitted in these probes do not conduct sufficiently high levels of current to be
compatible with the Ohmeda 3700e, resulting in low readings of spO2.

Action req’d:
Alternatively:

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
with the driving 3700e thereby increasing displayed spO2.



OHMEDA PROBLEM - HOSPITALS CLAIM THAT VIAMED’S PROBES (P867RA)
DIDNT WORK. OHMEDA’S METHOD OF BUIDLING WAFERS CAUSED
PROBLEMS. WHEN THEY BUILD UP THE LAYERS OF SILICON TO PRODUCE A
WAFER TO BE USED IN THE SENSOR IN THE PROBES, THEY PICK WAFERS AT
RANDOM WHICH CAUSED THE PROBLEMS AND LED TO THE USE OF
DIFFERENT RESISTORS. THE PROBLEM WITH VIAMED’S P867RA IS THAT THEY
ARE TOO GOOD. VIAMED USED TO USE THE BEST LEAD FRAME & WAFERS
AND THEY WERE VERY ACCURATE AND THEREFORE DID NOT SOMETIMES
WORK ON OHMEDA MONITORS.

HISTORICALLY, THE OMEDA 3800 CAUSED A PROBLEM BECAUSE THERE WAS
A SWITCH ON THE MONITOR, UP & DOWN,

A. PULSE - SPO2 READINGS OF 99-100

B. SAO2 - READINGS OF 97-98 (IT CANNT BE THIS AS SAO2 IS SUPPOSED TO BE
MULTI)

GOLD STANDARD IN INDUSTRY

BUD GAS ANALYSIS - BLOOD SAMPLE

OR MULTIPLE WAVELENGTH OMITTERS

_ (97% NORMAL ADULT)

VIAMED APPLY THE GOLD STANDARD, & THAT IS THE REASON WHY OUR
OHMEDA PROBES WERENT WORKING PROPERLY.

-NOW WE CAN SOLVE THIS PROBLEM BY :

1. CHANGING THE CABLE LENGTH

2. ALTERING THE QUALITY OF OMITERS IN THE PROBE.

ONLY TELL CUSTOMERS:

1. WE HAVE RESPECIFIED/DESPECIFIED THE PROBE

2. WE HAVE DOWNGRADED VIAMED’S PROBE TO MATCH OHMEDA’S

3. WE HAVE WIDENED THE TOLERANCES OF THE VIAMED PROBE.

4. WE HAVE OPENED UP THE SPECIFICATIONS.

Positioning a finger in a probe
/ Nellcor & Ohmeda

/ Viameds
The disadvantage with top above positioning is a fat or thin person will not be able to get a
reading. ‘

The correct technique has been lost. Refer to the manual, ideally the alignment mark should
be over the persons cuticle.



Report : Underread of P867RA on Ohmeda 3700¢ oximeter.

05-07-02.

Three probes tested: CF61092252, CF61092262, CF61092263.

Cr61092252

Initially reads 93%. Increases to 95% in approx 5 seconds, then increases to
stable 97% in approx 40 seconds.

Cr61092262 | Reads 95% for full duration of test.

CF61092263 | Initially reads 93%, climbing to stable 97% in 5 seconds.
CF61092252 658.0 928.3 56.2
CF61092262 658.0 928.3 563
CF61092263 658.0 931.5 56.7

Spec: Red 660+/-3nm: All probes OK.

Infrared 940+/-10nm: All probes at very lowest wavelength to meet specs.

LED electrical characteristic: CF61092252 (probe alone).

1350 0.00 850 0.04
1400 0.00 900 0.07
1450 0.05 950 0.14
1500 0.11 1000 0.32
1550 0.27 1050 0.81
1600 0.81 1100 2.08
1650 2.48 1150 4.49
1700 5.79 1200 8.08
1750 10.36 --- ---
1800 15.77 --- ---

LED electrical characteristic: CF61092262 (probe alone).

1350 0.00 850 0.04
1400 0.00 900 0.08
1450 0.05 950 0.17
1500 0.08 1000 0.38
1550 0.20 1050 0.91
1600 0.66 1100 2.08
1650 2.25 1150 4.08
1700 5.54 1200 6.76




1750

10.30

1800

15.68

LED electrical characteristic: CF61092263 (probe alone).

1350 0.00 850 0.04
1400 0.00 900 0.07
1450 0.03 950 0.14
1500 0.07 1000 0.33
1550 0.19 1050 0.93
1600 0.51 1100 2.53
1650 1.96 1150 5.72
1700 4.99 1200 10.33
1750 9.32 --- ---
1800 14.68 --- ---

LED electrical characteristic: CF61092252 (probe with adapter fitted).

1350 0.00 850 2.45
1400 0.00 900 2.99
1450 0.05 950 3.58
1500 0.11 1000 4.30
1550 0.27 1050 5.33
1600 0.81 1100 7.16
1650 2.48 1150 10.12
1700 5.79 1200 14.28
1750 10.36 --- ---
1800 15.77 --- ---

LED electrical characteristic: CF61092262 (probe with adapter fitted).

1350 0.00 850 2.45
1400 0.00 900 3.00
1450 0.05 950 3.61
1500 0.08 1000 4.36
1550 0.20 1050 5.43
1600 0.66 1100 7.16
1650 2.25 1150 9.71
1700 5.54 1200 12.96
1750 10.30 --- ---
1800 15.68 --- ---




LED electrical characteristic: CF61092263 (probe with adapter fitted).

1350 0.00 850 2.45
1400 0.00 900 2.99
1450 0.03 950 3.58
1500 0.07 1000 431
1550 0.19 1050 5.45
1600 0.51 1100 7.61
1650 1.96 1150 11.35
1700 4.99 1200 16.53
1750 9.32 --- ---
1800 14.68 --- —

Probes tested with adapter cable fitted:

CF61092252 | 96% for 3 seconds then stable 97%.
CF61092262 | Reads 96% initially, increasing to 97/98% from then on.
CF61092263 | Initially 96%, 97% in approx 1 second, then 98% from then on.

Conclusion:

Infrared emitters fitted in these probes do not conduct sufficiently high levels of current to be
compatible with the Ohmeda 3700e, resulting in low readings of spOZ2.

Action req’d:
Alternatively:

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
with the driving 3700¢ thereby increasing displayed spO2.



