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Executive summary

Pulse oximetry is widely used in anaesthesia and intensive care monitoring. It is a valuable,
non-invasive optical monitoring technique used for continuous measurement of arterial blood
oxygen saturation (Sp0O,). Stes for pulse oximeter sensors are frequently difficult to find in
patients with major thermal injury. Therefore blood oxygen saturation readings are often
unobtainable at just the time when they would be most valuable. An oesophageal SpO;, probe
has been designed to record reliable photoplethysmographic (PPG) signals and SO, values
from the oesophagus of burned patients. Seven adult patients were studied. Good quality
oesophageal PPG signals with large amplitudes were measured from various depths within
the oesophagus. The optimal monitoring oesophageal depth ranged from 13 cm to 20 cm,
measured from the upper lip. It was found that the oesophageal pulse oximeter saturation

results were in good agreement with those from the CO-oximeter. This study suggests that the



oesophagus can be used as an alternative site for monitoring arterial blood oxygen saturation

by pulse oximetry in burned patients.

Introduction

Non-invasive continuous arterial blood oxygsaturation measurement by pulse oximetry is
widely acknowledged to be one of the masportant technological advances in clinical
monitoring. Pulse oximeters are routinely usedntonitor patients in anaesthetic rooms,
operating theatres, recovery rooms and intensare units. However, sites for pulse oximeter
sensors are frequently difficult to find in patierwith major thermal injury. Standard sites
such as fingers or toes may be affectedhi®yburn, unsuitable due tbe use of tourniquets
during surgery, or in some cases absent. Therefore blood oxygen saturatignré€apdgs

are often unobtainable at just the timeen they would be most valuable.

Pulse oximeters estimate arterial blood oxygaturation by shining dght at two different
wavelengths, red and infrared, through vamculissue. In this method the pulsatile
photoplethysmographic (AC PPG) signal associatigll eardiac contraction is assumed to be
attributable solely to the arterial blood gooment. The amplitudes of the red and infrared AC
PPG signals are sensitive to changes in artexigen saturation because of differences in the
light absorption of oxygenated and deoxygeddt@emoglobin at these two wavelengths.
From the ratios of these amplitudes)dathe corresponding D@hotoplethysmographic
components, arterial blood oxygen saturation ($p® estimated. Hence, the technique of
pulse oximetry relies on the presence ofca@de peripheral artadli pulsations, which are

detected as photoplethiyographic (PPG) signéls



Studies have shown that measurable PPG signals angl\ahf@s can be detected in the
oesophagus of healthy adult patients miyrianaesthesia and patients undergoing
cardiothoracic surgefy. The present study was aimed ataluating the reliability of

oesophageal pulse oximetry in major burns patients.

Materialsand M ethods

A reflectance electro-optical sephageal pulse oximetry probemprising miniature infrared

(880 nm) and red (655 nm) emitters and a photatimtédas been constructed (Figure 1). The
silicon diode photodetector is mounted betwdbe red and infrared emitters to detect
radiation back scattered by the tissue. A separation of 5 mm between the emitters and the
photodetector provides good signainoise ratio and adequapelsatile signals The probe

was designed to fit into a comieonal disposable transparagdstric tube, 20 French gauge,

which is sealed at the distal €nd
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Figure 1. Side and cross sectional view of thlleetance electro-opticalesophageal pulse

oximetry probe. In the cross secta view the probe is shownserted in the gastric tube



An isolated data acquisitiomd processing system, shown igtie 2, has been developed to
detect, process, record and display the retliafrared AC and D®PG signals and estimate

SpQG values from the oesophagus.
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Figure 2: Block diagram of the oesopkabpulse oximetry processing system

The emitters, red (R) and infrared (IR), are driven by constant current sources which are
controlled by analogue switches which turn the red and infrared emitters on and off at 75 Hz.
The photodetector detects the energy backsedttiey the tissue andvgs an output current
proportional to the detected light intensityhe output of the current-to-voltage (I-V)
amplifier contains multiplexed PPG signalsrresponding to red and infrared wavelengths.
The signal from the current-to-voltage amplifier passes to a demultiplexer synchronised to the
master clock, which separates the red (R) iafrdred (IR) signals. The two signals (R and

IR) are then passed through low pass filtersliminate high-frequency switching transients

and are then transmitted across an isolatiamidva Two isolation arplifiers (Burr-Brown

ISO122) are used to isolateetipatient side of the PPG cimeel from the output side. The



signals on the output side are then filtered to extract the AC and DC PPG components for
each wavelength. The output sigm are digitised using a 18t analogue-to-digital card
(ADC) (National Instruments DAQCard-Al-16%50) and further analysed by a virtual
instrument implemented ihabView on a laptop computer. PPG traces corresponding to
infrared and red wavelengths from the oesgpbaare obtained simultaneously and displayed

on the laptop screen.

Following Local Research Ethical Committee apal and after obtaining informed, written
consent, seven patients with major burns aéwhitb burns intensive care were recruited for

the study. The five men and two women rangedge between 26 and 52 years. The total
body surface area burnt ranged between 28%988d. A nasogastric tube containing the
reflectance pulse oximetry sensor was placedaoh patient's oesophagus (Figure 3). The
PPG signals were recorded at various depths in the oesophagus. Arterial blood samples were
taken for estimation of oxygen saturation gsi CO-oximeter. A peripheral commercial

pulse oximeter saturation probe was asonected to the toe of each patient.

Figure 3: The oesophageal PPG/gp@be contained within threomach tube is seen placed
in the oesophagus via the mouth



Linear Regression analysis was used to compea blood oxygen satti@n results from the
oesophageal pulse oximeter witibse from CO-oximetry. It Isabeen suggested that Linear
Regression analysis is appropeiavhen calibrating an approxate or simple method (like
the oesophageal pulse oximeter) wétprecise method (such as CO-oximeétrp) Bland and
Altman between-method differences analysis was performed toalculate the levels of

agreement between the oesophageal commercial finger probes

Results

Measurable PPG traces were obtained from tsepleagus in all patients (see Figure 4). The
oesophageal PPG signals recorded from all patients were of good quality and large
amplitudes. The optimal monitoring oesagkal depth ranged from 13 cm to 20 cm,

measured from the upper lip (mea$D: 15.6+ 1.8 cm).
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Figure 4: Real time oesophag®&G traces from a burned patient



A total of 19 pairs of data points, obtained from the CO-oximeter and the oesophageal pulse
oximeter, from all seven patients were uded the regression analysis, which gave the

estimated slope and inter¢eg the regression line.

A plot of SpQ readings obtained from the refleatenoesophageal pulse oximeter (OES
SpQ) against the Salvalues from the CO-oximeter ghown in Figure 5. The equation of
the best fit linear regression line is: (OES $pO33.278 + 0.666 (CO-ox SaO(the solid

line in Figure 5); T= 0.49; Standard Error of Estimate (SEE) = 0.64; p<0.001. The dashed
line represents the line of identityhe mean £ SD) of the differences between the oesophageal
pulse oximeter Spfvalues and the corresponding CO-oximeter readings (OES S ox SaQ) is

0.50+ 0.69%.
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Figure 5. Pot of Sp® measurements obtained from the oesophageal pulse oximeter
(OES SpQ against Sa@from the CO-oximetry (CO-ox Sapfor 7 patients. The solid line
represents the best fit lineaegression line: (OES Sp>= 33.278 + 0.66 (CO-ox Sap

r? = 0.49; SEE = 0.64; p<0.001. The daslied represents identity.



Figure 6 shows a plot of Sp@eadings obtained from the commercial toe (transmittance)
pulse oximeter (CT Spagainst the Salralues from the CO-oximeter. The equation of the
best fit linear regression line was: (CT $p©-53.854 + 1.550 (CO-ox Sa)® r* = 0.61;
SEE = 1.15; p<0.00Irhe mean and standard deviatiortleé differences between the commercial

toe pulse oximeter and the CO-oximeter readings (CT, SE0-ox Sa@) is 0.11+ 1.23 %.
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Figure 6: Plot of Sp® measurements obtained from the commercial toe pulse oximeter
(CT SpQ) against Sa@from the CO-oximetry (CO-ox Sapfor 7 patients. The solid line

represents the best fit linear regression line: (CT,ppE63.854 + 1.550 (CO-ox Sap

r’= 0.61; SEE = 1.15; p<0.001. The dashed line represents identity.

Ninety two sets of blood oxygesaturation data points from tlseven patients were used to
compare the oesophageal and the commercial toe pulse oximeters. Since neither can be
regarded as a “gd! standard, théetween-method differences analysis as suggested by Bland

and Altmar was used to compare these two pulse oximeters.



Figure 7 is a plot of the difference betweea dtommercial toe (CT) and oesophageal (OES)
SpQ values against their mean. As no obviodatien between the difference and the mean
is revealed in Figure 7, a calculation of the pestimated by the mean difference (d) and the
standard deviation of the difiences (s) was performed tesass the degree of agreement
between the two methods. The bias (d) (commakprlse oximeter minus oesophageal pulse

oximeter) was 0.4% and the stardideviation (s) was 2.1%.

The limits of agreement for the Sp@ata (commercial toe and oesophageal) were, therefore:

d-2s=0.4-(2*2.1) =-3.6 %

d+2s=0.4+(2%2.1) = 4.6 %

8

6 °

[ ]
X ° °
~~ @ — Mean + 2SD
o * .
o %
N ® S
n 2 °
o * o >
* \. M

' i ® ean
ON 0 ° LI ° o
o [ ] ) ®
n ~0. )
— 2 [ o o ° [ ]
e ° ° °

b — *s — Mean - 2SD

-6 ‘ ‘ ‘ ‘ ‘

95 96 97 98 99 100 101

(CT SpO, + OES Sp0,)/2 %

Figure 7 The difference between blood oxygenrssitn values from the commercial toe
pulse oximeter (CT Sppand SpQ@readings obtained from thmeflectance oexphageal pulse

oximeter (OES Sp§) plotted against their medar all seven patients.



Conclusion

The aim of this study was to evaluate theatglity of oesophageal pulse oximetry in major
burns patient. Good quality oesophageal PPG kignih large amplitudes were measured
from various depths withinthe oesophagus. The optimal monitoring oesophageal depth

ranged from 13 cm to 20 cm, measured from the upper lip.

It was found that the oesophageallse oximeter saturatiaesults were in good agreement
with those from the CO-oxiner (see Figure 3). In a doe comparison between the
oesophageal and commercial toe pulse oximetsiag Bland and Altman analysis, the $pO
results from the two instruments were in veatisfactory agreement. Although there is some
scatter the bias between thémonly 0.4%. The limits of agreement from the analysis were

4.6 10 -3.6 %.

In summary, the data suggest that oesophagéattance pulse oximgtrmay be a reliable
and useful alternative nfeid for monitoring continuous oxygesaturation in major burns

patients.
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