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SUMMARY

The use ¢f pulse oxymeters in perioperative monitoring and

in Intensive care is becomming more and more routine. The

aim of this study was to compare the accuracy and precision
of five pulse oxymeters.

Measurements of oxygen saturation (Sa02) were made on 52
patients using the five pulse oxymeters simultanicusly as
well as direct arterial blood analysis,

3 patients had repeated measurements done, initialy 20 re-
cordings were done at 5 minute intervals (prabes takesn off
between ths recordings) and secondly 20 recordings were dons
at 2 minui= intervals (probes left in place betuween the rz-
cordings;. The patients lung function was monitered by direct
arterial tlood analysis.

We used the statistical method described by Bland et al. (11}
for assesing the difference between pulse oxymetry ard direct
arterial blood gas analysis.

The results confirm that pulse oxymeters are very reliable for
monitoring arterial blood oxygen saturation but g single va-
lue cannot be used for clinical diagnosis.

The use of pulse oxymeters in perioperative and intensive care

monitoring is discussed.
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Pulse oxymetry was first described in 1975 (1). The method
allows the continuos non invasive monitoring af arterial

oxygen saturation (Sa02). In recent years the avialability

of various pulse oxymeters from many manufactorers has en-
hanced the use of this technology in the perioperative pe-

riod (2,3) and in intensive care (4).

All pulse oxymeters work on a similar principle, namely ab-
sarption spectroscopy. Considerable differences exist in the
way different manufacturers obtain and process the data. These
differencesoccur in the light emitting diodes, sampling fre-
quency, microprocessor alqorithms énd constants used in the
calculaticns. The principles are well described elsewhere (2).
Manufacturers™ specifications of accuracy for pulse oxymeters
are all similar in the clinical usefull range (T 1-2%).

Papers have been puplished to support this (2,5-7). A report (8)
has found that the readings obtained from two pulse oxymeters
(Chmeda BIOX 3700 and Nellcor N 100 E) in cyanosed chrildren
differed significantly from arterial blood measurements using
radiometer 0SM-2 co-oxymeter.

In these patients the errar of both machines axceeded the manu-
factures® claims. Kagle et al. (9) found that the 99% confiden-
ce limits for Ohmeda BIOX 3700 was = B%, a result unacceptable
far clinical diagnostic use. Another study (10) performed in
critically i1l chrildren showed a large error (range +8,2% to
-9.7%) for Nellcor N 100 E.

The aim of this study was to compare the accuracy and precision

of five pulse oxymeters.
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METHODS

The study was approved by the local ethical sommitee. All
patients gave informed consent.

>2 patients from the Hospital Clinic for Pulmonary Diseases
were admitted to the study. Patients with jaundice were ex-
cluded.

Five pulse oxymeters were used: Criticare CSI 501, Criticare
502 (Simonsen and Weel), Nellcor N 100 (Draeger), Satelite
(Datex) and Novametrix 500 (Vickers).

Each af these pulse oxymeters has a cheice of probes, for
example for earlobes or fingers, only the fingerprobes were
used in order to reduce variation.

The probes were placed an a finger on the same hand. Satura-
tion readings were recorded when each oxymeter indicated a
good perfusion signal, the reading was stable and no other
malfunction warning was displayed. An arterial blood samp-
le was withdrawn from the radial artery on the other arm
simultaneously with the recording af the pulse oxymeter
readings. The blood was stored in crused ice and analysed
withinn 15 minutes in an ABL 3 (Radicmeter Copenhagen).
Secondly 2 patients and 1 healthy volunteer, all with
stable pulmonary function, had repeated measurements done.
Initialy 20 saturation recordings were made with 5 minute
intervals on each patient the same way described above.

The probes were taken off between the recordings.
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After this, 20 saturation recordings were done with 2 minute
intervals, the probes were left in place betuween.

The stability of the patients pulmonary function were en-
sured by analysing arterial blood 3 times, at the begin-
ning, after 50 minutes and after 100 minutes, as described

above,

STATISTISCAL ANALYSIS

Measurement agreement was estimated as described by Bland et
al. {(11). A plot of the differences between the two methods
against their mean is more infermative than the correla-

tion coefficient. We calculated the lack of agreement by cal-
culating the bias, estimated by the mean difference x and the
standard deviation of the differences SD. If we assume that
the differences are normally distributed (gaussian) 95%

of differences will lie between X - 2 SD and 99% between X
1 so.

The precision is expressed as the SD of differences between
pulse oxymeters and ABL 3 recordings.

By using the results of the repeated recordings of 5a02 on 3
stable patients we were able to calculate total standard
deviation SDt (probes off between recordings), standard
deviation within measurements (probes left on the finger
between recordings) SDW. We could then calculate standard
deviation between recordings, SDb, using the formula SDE =
SDi + SDE . In the same way we could calculate Cv, (total
coefficient of variation), CVW (coefficient of variation
within measurements) and Cvy (coefficient of variation

between measurements).
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RESULTS

Measurements were made on 52 patients. The Sa02 range was
60 - 99%.

Figure 1 shows a plot of mean SaC2 against the difference
(pulse oxymeter - ABL 3). The mean and mean - 2 SD are
plotted.

As mentioned abave 95% af the values will lie between

these values. As seen from the figure this interval is
rather wide in all pulse oxymeters. The interval is smal-
lest for CS! 502, - 2.7% to + 4.7% Sab2, and biggest for
Novametrix 500, - 5.3% to + 3.5% Sa02.

In table I the accuracy of the pulse oxymeters is expressed
as the mean of differences between pulse oxymeter and ABL

3 readings. Four pulse oxymeters had a slight tendency to
overestimated the 5302, only Dates Satelite underestimate
the value. Generally the accuracy is very good and fully
acceptable.

Table II shows the precision af the pulse oxymeters expres-
sed as 5D of differences between pulse oxymeter and ABL 3
recording. These values are generally close to the values
stated by the manufacturers.

In table III the five pulse oxymeters are ranged according
te accuracy and precision: Novametrix 500 has the lowest
accuracy and precision.

Table IV and V give the results of the repeated measurements
on the twe patients and the healthy volunteer. In 2 imstan-
ses the SDt and CUt were smaller than SDw and CUW and there-
fore made the calculation of SDb and CUb impossible. All
pulse oxymeters show impressingly low SDt and CUt, all in

the range stated by the manufacturers.
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The possible error in placing the probe is very small
as shown by SDw and CVW. The reading obtained has little
relation in placing the probe on the finger.

CSI 501 has the highest S0, and CV,. CSI 502 has the

t t
lowest SDt and EUt in the present study.

DISCUSSION

Cur result show that bath the accuracy and precision

were within the manufacturers’ claims.

The results confirm that pulse oxymeters are very suitable
for monitoring arterial blood oxygen saturation.

If, however, we look at a single measurement, the 99%
confidence limits are ¥ 5.5% for €SI 502 as a minimum
and £ 6.8% for Novametrix 500 as a maximum. This means
that in the 60 - 99% Sa02 range one can be 99% certain
that arterial saturation will differ by no more than

5.5% with CSI 502 and 6.8% with Novametrix 500. This
makes the pulse oxymeters unacceptable for clinical diag-
nostic use.

Our study confirms the result by Kagle et al. (9), by
demonstrating a very wide 99% confidence limit for single
5a02 readings.

Undoubtly pulse oxymeters will be part of standard moni-
toring equipment in anaesthesia and intensive care in

the future. The measurements of Sa02 has several advan-
tages over the transcutaneous oxygen tension measuring.
It works fast and requires no warming op peried, cali-
bration is automatic, there are no problems with hea-

ting op the skin, and the response time is very short.
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€linical ccmparison of pulse oxymetry and transcu-

taneous oxygen tension measurement has not been con-
clusive whizh is complained by the fact that different
things are measured (1).

There are a few limitations in the use of pulse oxymetry.
There has to be a good pulsation in the finger or earlobe,
which means that hypotension, hypothermia and the use

of vasoconstrictive drugs may interfere with the measurements.
A study by Lawson et al. (13) demonstrated that the blood
flow must be reduced to approximately 10% before the rea-
dings of pulse oxymeters is unreliable. Should finger or
earlobe measurements be impossible, some pulse oxymeters
have probes, which can be placed over the nasal septal
artery, s branch of the internal carotid artery. The pul-
sation of this artery tends to persist during periods

of hypotension or periferal vasoconstriction.

The presence of abnormal hemeglobin such as carboxyhe-
moglobin, methemoglobin and sulfhemoglobin also inter-
feres with the measurement (14).

Similary abnormal high levels of bilirubin in the

blood may be a problem.

The use of pulse oxymeters may be of great value in routirme
perioperative monitoring, especially in patients with knoun
risk of hypoxia (ore lung ventilation, bronchoscopy) and
patients with known preoperative hypoxia.

It is useful when acces to the patient is limited, and in
training of anaesthetist. A study (3) demonstrated a

fall in anesthetic disasters by routine use of pulse
oxymeters.

In intensive care pulse oxymetry may be of great value in
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respiratory failure, IPPV and when weaning patients

off the ventilator. It may also be beneficial in eva-
luation patients in sleepapnoe studies.

Also in intensive care the use of pulse oxymetry undoubt-

ly will be routine in the future.

10


10


References

Nakajimi s, Hiral Y, takase H, Kuse A.
New pulse-type earpiece oxymeter

Respiration and circulation 1975,23: 709-13

Taylor M B, Whitwam J G.
The current status of pulse exymetry. Cliniczl values of
contincus non-invasive oxygen saturation monitoring

Anaesthesia 1986, 41: 943-9

Brodsky J B, Shulman M 5, Swan M, Mark J B D.
Pulse oxymetry during one lung ventilatiaon

Anesthesiology 1985, 63: 212-4

Cecil W T, Petterson M T, Lamoonpun S, Rudolph C D.
+ Clinical evaluation of the Blox MIA ear oxymeter in the
critical care enviroments

Respiratory care 1985, 30: 179-83

Sanwuist F H, Todd C, Whitcher C.
Accurscy of new non-invasive oxygen saturation monitor

Anesthesiology 1980, 53: 153

Yelderman M, New W.

Evaluation of pulse oxymetry

naesthesiology 1983, 59: 349-52

11

11.


11


10.

11.

12.

12.

Rebuck A S, Chapman K F, D urzo A.
The accuracy and response characteristics of a simplified
ear oxymeter

Chest 1983, 83: 860-4

Ridley J A.
A comparison of two pulse oxymeters

Anesthesia 1988, 3: 136-40

Kagle D M, Alexander C M, Berko R S, Giuffre M, Gross J B.
Evaluation of the Chmeda 3700 pulse oxymeter. Steady-state
and trancient response characteristics

Anesthesiology 1987, £6: 376-80

Fanconi S, Doherty P, Edmonds J F, Barker G A, Bohn D J.
Pulse oxymetry in pediatric intensive care, comparison with
measured saturation and transcutaneous oxygen tension

Journal of pediatrics 1985, 107: 362-6

Bland J M, Altman D G.
Statistical method for assessing between two methods of
clinical measurement

Lancet 1986 February 8: 307-10

Barker S J, Tremper K K, Gamel D M.
A clinical comparison of transcutanecus PO? and pulse
oxymetry in the operating room.

Anesthesia Analgesia 1986, 65: 805-8

12


12


13.

l4.

15.

13.

Lawsen D, Norley I, Korbon G, Loeb R, Ellis J.
Blood flow limits and pulse oxymeter signal detection

Anesthesiology 1987, 67: 599-603

Kilick R M.
Pulse oxymetry

Pediatric emergency care 1987, 3: 127-30

Cooper J B, Cullen D J, Nemeskal R, Hoaglin D C, Gevirtz
C C, Csete M, Veneble C.

Effect of information feedback and pulse oxymetry on the
incidents of anaesthetic complications

Anesthesiology 1987, 67: 686-94

13

BT T PIT O PRI | P B PR


13


Table I

Accuracy of pulse oxymeters compared to usual method, ABL 3 Radiometer.

Deviation % Sa02

£SI 501 + 0,3
Nelleor N 100 + 0,3
Datex Satelite - 1,0
Novametrix 500 +1,4
C3I 502 + 1,0

Measurement range 60 - 99% Sa02

14
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Table II

Precision of pulse oxymeters expressed as S0 of difference betwesn pulse

oxymeter and ABL recordings.

SD of difference

CSI 501 2,186
Nellcor N 100 2,19
Datex Satelite 1,94
Novametrix 500 2,25
CSI 502 1,84
Measurement range 60 - 99% 5a02

15

15.


15


Table III

Ranging of pulse oxymeters according to accuracy and precision.

16,

Accuracy Precision
CsI 501 1 3
Nellcor N 100 1 4
Datex Satelite 3 2
Novametrix 500 5 5
CsI 502 3 1

16


16


Table IV

50, , SDW and calculated SDb for pulse oxymeters.
Patient SO SDW SDb
CsI 501 A 1,35 1,21 0,60

0,50 0,31 0,39
1,15 1,06 0,45

B 0,83 0,22 0,80
C 2,66 1,90 1,56
Nellcar N 100 A 1,36 1,35 0,17
B 0,4¢ 0,00 0,44
C 1,72 0,98 1,4l
Datex Satelite A 0,98 1,32 ?
8 1,02 0,49 0,90
c 1,88 1,02 1,58
Novametrix 500 A 1,67 0,79 1,20
B 0,67 0,67 ?
C 1,95 0,70 1,82
€SI 502 A 0,81 1,11 ?
B
c

17
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Table V

CV.,» CV, and calculated Cy, for pulse oxymeters.

Patient cv .3 Cv w% cv %
CSI 501 A 1,50 1,30 0,70
B 0,8¢ 0,22 0,80
C 2,70 1,97 1,80
Nellcor N 100 A 1,66 1,43 0,29
B 0,44 0,00 0,46
c 1,86 1,04 1,54
Datex Satelite A 1,06 1,40 ?
B 1,05 0,50 0,92
c 2,09 1,12 1,76
Novametrix 500 A 1,56 0,82 1,32
B 0,48 0,68 ?
C 2,06 0,72 2,05
CSI 502 A 0,86 1,18 ?
B 0,51 0,31 0,40
c 1,21 1,11 0,48

18.

18
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Figure 1

Mean Sa02 (average by twc methods)

- ABL 3) for five pulse oxymeters.

against difference in Sa02 (pulse oxymeter

19
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