LIMITATIONS IN PREDICTING pO,
FROM sO, MEASURED BY PULSE

OXIMETRY
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THE IMPORTANCE OF MONITORING Poz

The partial pressure of oxygen, p02 in the tissue, is the main
driving force for the cell oxygenation. The pO, has to be high
enough to secure an adequate oxygenation. On the other hand,
too much oxygen (too high pO,) is toxic to some organs, espe-
cxany in the premawre newborn infaot.

It is therefore important to regulate pO2 closely to avoid
adverse reactions to either too much or too little oxygen.
Continuous monitoring is necessary to provide information for
this regulation. Many hospitals use pulse oximetry, others use
transcutaneous monitors and some use both.

PULSE OXIMETRY
In the mid 1980s more and more NICU’s started to use puise
oximeters, The technology

denotes from the norm, possibly when accuracy is most need-
ed, '

* Thrush D; Hodges MR—South Med J April 1994, 87(4)
p518-21:

Accuracy of pulse oximetry during hypoxia is under discus-
sion here. Oxygen saturation readings from pulse oximerters were
compared with those from arterial blood samples analyzed with
a co-oximeter. Significant deterioration in the accuracy was
observed as Sa0, décreased. There were 14 cases of hypoxia
not detected by tie pulse oximeter. In conclusion, the accuracy
of pulse oximetry deteriorates as hypoxia worsens.

* Poets CF; Sontiiall DP—Pediatrics May 1994,93(5) p737-
.46

became popular due to the

case of use (no calibrations A nuymber of NIC Us stopped usmg tc momtors

or site changes) and a num-

besof NICUs stoppedusing refied totally on pulse oximeters for monitoring.

tc monitors and relied total-

d Non-invasive monitor-
ing of oxygenation in
infants and children is the
topic here. Both transcuta-

‘ly on pulse oximeters for
-monitoring the oxygen sta-
tus on the neonates.

HOW RELIABLE |5 THE PULSE OXIMEYER?
There have been several studies recently which bave looked
more closely at the mfomm;on sapplied by pulse oximeters.

* Grace RF--Med J. Aust. May 16, 1994, 160(10) p638-
44:

This paper reviewed articles written since 1985 appraising
pulse oximetry. The authors found the pulse oximeter to be an
imperfect device, with numerous potential limitations. They con-
cluded that its reliability diminishes as the clinical situation

neous monitoring and
- pulse oximeters are evalu-

ated and the conclusion is that ideally both should be used in

combmanon, pamcnlarIy in cnucaﬂy ill pre ecnn.neonztes

-Buchec HU; Keel M etal--LancetMay7 1994,343(3096)
piidss:

Artificial problems thh pulse oximeters. were investigated.
Increased pressure on tissue dite to- mappropnate sensor attach
ment produced errors of greaterthan 3% in 25% of the subject:
being tested: Venous congestion also induced errors in 30% ¢
the subjects. The conclusion was that pulse oximeter values nee:
to be scrutinized for these errors,
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Even the best pulse oximeter was incorrect or inaccurate about one~third of the time.

» Rodriguez LR' Kotin N; et al-Pediatncs May 1994,
93(5) p810-3: - -

The authors undertook a study to quantify if pediatri¢ house
staff is knowledgeable of pulse oximetry and their ability to
interpret the information. Only 17% of the 134 pediatric staff
questioned knew anything about the oxybemoglobm dissocia-
tion curve. Only 36% were able to answer questions correctly
relating to the accuracy of pulse oximeters. The results showed
that there was a marked variability in the staff knowledge of all
aspects of the oximetry.

« BBI Newsletter Vol. 17, No. 12 December 1934, p205:

Work done at the University of California at Irvine reports

. onthe accuracy of several brarids of pulse oximeters during low

perfusion states. Even the best pulse oximeter was incorrect or
inaccurate about one-third of the time. There were considerable
differences between the brands for motion artifact sensitivity
and for recover time after seeing a desaruration below the oper-
ating range. '

~ » Mike V; Krauss AN; Ross GS—Soc. Sci. Med. 1995,
42(9) p1247-58:

One NICU director comments on the lack of understanding
of pulse oximeter measurements and the way babies are kept
over-saturated. Generally the impact of keeping very tiny babies
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Mare care is needed in interpreting st readmgs and avordmg the risks of both

hypoxxa and hyperoxm.

at saturations of 98-99%: {or Iong penods is ignored. The oxy-
gen tension at these levels of saturation could be exm:me!yhzgh
but the assocmed dangers are bemg overlooked.

THE OXYGEN MSSOG!AT(OH EURVE
The relationship between pOq-and 902 is charactenzed by
the Oxygen Dissociation Curve (ODE}. -
The exact position of the ODC can be expressed by the p50
_value. This is the pOZ at 50% saruration level. In the neonate,
the p50 is normally 18-26 mmHg and may change fast because
of the rap_t ; cbanges in peonaial physiology. “

INACOJRACY oF PULSE OXIMETERS

Clinicians shouldibe aware of the inaccuracy of pulse oxime-
ters, In the 90-100% range, the typical inaccuacy is=3%, and
at lower ranges the inaccuracies are even worse.” As shown in
Figure 1, this makes the range of pOy values corresponding to
a sOq of 95% unacceptably wide (range 2). Due to technical
uncertainty and the uncertainty of the position of the ODC curve,
2 509 of 95% couid mean 2 pO; of anything between 42 and
110 mnHg. Table I gives exampies of the relationships at dif-
ferent levels of sO9.

- DIFFERENT PULSE OXIMETERS USE NFFERENT ALGORITHMS

Dxfferent bmnds of pulse oximeters use different algorithms
for the calculations of $Oy, Two different pulse oximeters may
givesimultaneos readings différing 2% because of this.” Purting
such dxﬁ'erences ontop of the above described inaccuracy means
that a 5O of 95% may correspond to a range of pOg of 39 to
above '+ mmHg

CONGLIISION

In neonatology, itmay be dxfﬁcult to predict pOy from pulse
aximeter readings. . Transcutaneous monitoring of oxygen may
be a better altetnative in certain situations. The technoiogy has
proven to be reliable and accurare for trending the oxygen sta-
tus of the patient.

N
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Table L Relationship between 50, and pO,

5O, measured by pulse | Range in pO; due to clinical - Rangs inpO; due to clinical
oximetry -variations in the ODC (p50: | variations inithe ODC (p50: i
18-26 mmHg or 2.4-3.5 kPa) 18-26 mmHg or 24-3.5kPa) | |
' of pulse !
oxnneuns(ﬁSié) |
{
|
% mmHg (kPz) mmbg (kPa) | |
90 39-57 (5.2-1.6) 36-65 G N

o5 50-T3- (6.7-9.8) B 42-110; G4 |
98 76-110 (10 1:14, 7 50-abave 150 (6.7-20.0)
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