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Design of a Fiber-optic Sensor for Monitoring Duodenogastric Reflux ™
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Abgract A fiber-optic sengor for nonitoring of duoderogadric reflux isfabricated. The sensng sysem, based
on the principle of double-beam corrpensation , includes two diodes for light sources, blue a 470 nm as dgnd
light and ydlow a the wavelength of 595 nm as reference one , and a Y nodd fiber optic bund e for tranaitting
light. The sensor performs on detection of gpectrophotometric absomption o hilirubin adways present in enteror
gadric reflux a 470 nmand 595 nm. A generd evaduation of the sengor about factors dfecting its detection is
discused in detail : Wavdengh choice, pH, scattering dfect resulting from gadric precipitates and others. The
€enor dows a god excdlent performance with a dynamic linear range o W to 10 ng/ d. The invitro
eperiment sows it can be used in clinicd andyssd DGR.
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0 Introduction

Duwoderogadric reflux (DGR) , the regurgitation of
dkdine duwdend juice into the domech is a norma
physologca pheromeron during the early hour of the
norning or posprandial period[” .But the excessve reflux
is believed to be reated with gadritis, gadric ulcer,
gadtric cancer , Barrett’s esophagus and other pathological
changes in digedive tract. A method auitable to
acoonplish continuous and invivo nonitoring of DGR is
crucid for clinical diagnoss.

Bechi et ad reported a portable fiber optic sensor
cgpable of nonitoring of DGR, the Bilitec optodectronic
device!?’. The senoor mainly detects the absorbance of
bilirubin presernt in duodenogadric reflux. The technique
arises great interes in phydcians and a great ded of
research eforts has been devoted to develop the sensor for
its clinicd diagnods. However no conception about the
Lnoris gven in technica agpect. In this paper a new
desgn o the fiber optic senor is gven. The sensor
exhibits a better
pefformance with a dynamic linear range o W to
10 my/ d. Wavdengh choice, the irfluences of pH,
satering dfect and other factors dfecting absrbance
detected by the sensor are presented.

1  Configuration o the fiber optic
sensor

The fiber optic sensor
goectrophotometricaly  based on

monitors DGR is
the characteridic
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aborption o hilirubin present in DGR. Acoording to
Beer's lav, the absorbance (A) is proportiond to the
concentration of absorbing andyte (c) and the optica
path (1) .

A= ed (1)
Here ¢ is the nolar absorbtivity with units of L mol ~*
cm™ L. In this case the optical length (1) and the nolar
absorbtivity (¢) can be conddered as condants. The
working curve of abgorbance vs. known concentretion is
edablished by measuring a series of gandard ol utions of
krnown concentration udng a fiber optic sengor device.
Then quantitative determination of sarple of unknown
concentration can be done from the working curve.

The optoelectronic device contains two light-emitted
diodes (LBEDs) emitted dternaively as light sources in
the senor sysem (Fig. 1) . One is green centered a 595
nm as rderence light and the other is blue a the
waveength of 470 nm used as dgnd light, which is
oorreponding to the absorption pesk at the aborptiorr
wavelength graph of bilirubin and bile
sarple . Two opticd filters ( centered a 4 7 0 nm and
600 nm) are postioned in front of the sgna LED and
reference L BD reectively to get nmore nmornochrométic
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FHg.1 Block diagram of experimenta set-up of the fiber optic
senor for andydsdo DGR
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lights The filtered lights travel to a gecid beant
litter, by which the dgnad light is reflected and the
reference light is tranamitted.

Findly the lights are coupled to one arm of a Y fiber
optic bundle condgging of 50 plagic fibers with 300/ 350
um of core/ cladding diameter and then trangorted to the
sendng probe. The lights are nodulated by the andyte
(bilirubin and hile sarple) in the sendng tip and
reflected back to the other arm of the optic bundle. The
nodulated lights are finally converted into eectronic
sgnd by a dnple photodiode. The electronic Sgnds are
then anplified by an operational anplifier and processed
by a microprocessor for further sgnd process. Asfor the
£nor , the relation between concentration and absorbance
is changed as follows

M=As- A= (- &)d 2
where M is the difference between the absorbances of
dgnd light and reference light, s, & are the mnolar
aboorhtivities correponding to the dgnad and reference
light regpectively. A, , As are the absorbances of the two
lights.

2 Evaluation o the measurement
sysem

Fg. 2 shows the regponse of the fiber optic sensor in
bilirubin olution a pH 1.26 and 7. 46 repectively. The
dynamic linear range comes w to 10 nmg/ d , which is
better than that reported by P. Bechi e a'?!. The
dandard lution contains hbilirubin  purchased from
Shanghai Inditute of Biologca Products in lyophilized
fom (10 myd, 1. 71 X10 * nol/I). The pH
measurement is performed by a REX pHS3C meter. The
lower concentration of hilirubin slution is obtained by
careful dilutionwith 1 nol/1 HA slution. The andyssis
carried out in the dark due to light-induced oxidization.
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Hg.2 Cdibration curves o the fiber optic sengor in gandard
bilirubin solutions a pH 1. 26 and 7. 46 regpectively
Fg. 3 dows the dynamic regonse o in vitro
measurement of bile sanple. Bilirubin concentration is
determined by the Van der Berg method. As can be seen
in the figure, the regponse increazes with the
concentration increment up to about 10 mg/ d and then
begns to saturate gradudly. The linear dynamic range is
on the whole accordant to that of the gandard calibration

obtained aove. The snor shows good accuracy and
sendtivity.
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Fg.3 Invitro andydsd hilirubin in bile sanple by the

fiber optic sengor

However the measurement by the sensr is il
merely the gpproximetion to the true values. The clinica
andyss is inolved in many factors tha canmot be
awided. To evduate the detection peformance of the
s€enor can be dgnificantly helpful for diagnoss of DGR
and usful for phydcian to take measures to inprove the
dynamic reponse of the senor.
2.1 Hfect o optic source waveength

One o the nodg important prerequidtes to apply
LambertBeer lav (Egs. (1)) is the norochromatic
light. However the L EDs used in the sensng sysem are
found to ocontan a wide ectrum. The measured
absorbance by the fiber optic sensor becomes a sumof that
a al waveengths emitted from the sgnal and reference
LEDs Egs. (2) is then converted into the following
equation Egs. (3) ¥

_ _ S1o(A) d1
M= As- Ar—log[ fl(/l)dﬂ]is_g-
S1g(A) dA
oo e . 3

where 1, , | are the intendties of the initia light and the
ligt &ter pasing through the sarple lution
regectively. Here we choose two wavelengths A5, A, for
further sudy: lg is the intendty of the wavdength A3
oorreponding to the absorption peak and o is that of
dray light near wavelength of 4, (Fig. 4) .
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Bilirubin solution

FHg.4 Diagram showing absorption of polychrometic light
through the sample ol ution
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| |
A1 = |Og Jl:f' = ¢d _Ioj = 10£1CI (5)
log + I
Az = log L+ 1 = log

[ log + lp ] _
101107 2% + 12207 29~
1+ Il g
A; +log [ 1+ (lgf log) 10° (c,- €) c;| (6)

A1, A, are the absorbances of norochrometic light
A1, A2 reectively. As i's the absorbance corresponding to
polychromatic light including A; and 4,. I, I, are the
intendties of light &ter pasing through the sanple
lution. ¢, ¢ ae the nolar aborbtivity for
monochrometic light A5, 4, regectively. It can be seen
from Egs. (6) that, asfor I < lgp Or &1~ &, Az is
much closer to A; and the interference radiation anog
can be negected. Othewise the measurement by the
*nor may deviate from Lambert-Beer lav. The higher
the concentration of hilirubin in DGR, the higher the
ofst deviaed from the lav ( Generdly & > ¢).
Although a norochromator can be used to generate a
narrower norochromatic light , it is not suitable for an
ambulatory sensor with low cogt for long-term nonitoring.
Here the optical filters with narrower bandnidth of a few
nms are used to enhance its dynamic regonse.

2.2 pHdfect

pH value of gagric juice is normaly between 1-2.
But as for the patients with DGR dissase, pH of gadric
juice mixed with duodena ocontents or medications may
vary in the wide pH range about 1.0~8.0. S it is
necessary to sudy pH dfect on DGR edimation when the
fiber-optic sensors are goplied in clinical analyss.

The dependence of abgorbance on pH o bilirubin
dandard solution is described in FHg. 5 usng the fiber
optic snsor. It isobvioudy derrondrated that the relative
eror of the reponse dgnd in acidic lution
( the relative error for 4 . 8 mg / d increadng from
5.5% a pH 6.76 to 12. 7% a pH 3. 17) is much
gmaller than that in dkaline olution ( 2 6 % a pH
7.46) . The result was cond sent with other reportd 51
The tendency with pH may be attributed to the N-B
trandormation of abumin corformation'® |in which a red
shift of about 25 nm for the absorption peak is observed
over the 1.0~8. 0 pH range, and the shoulders become
narrover or relative narrower as pH increases. Arnother
possble explanation about this trend at low pH values
(egoecidly less than pH 3.5) seems to be rdated with
oonverson from bilirubin monomers to bilirubin dimmers,
both of which have different absorption peaks and the
nolar absorhtivities, thus causng much
underegti mation!”!
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Fg.5 Dynamic repponses d the fiber optic sensor in the
dfferent pH bilirubin lutions
2.3 Scattering efect of precipitates in gagtric juice

In derivation of Lambert-Beer lawv, light traveling
through an aborbing lution is only absorbed and
trangmitted without condderation of scattering effect. Thet
means that the sum of absrbance and transmisson equal s
1. However the gadric juice mixed with mucus and chyme
isdften full of small precipitates. Moreover the main form
o bilirubin in DAR is (di- or nomo-) ducoronide
bilirubin whose pKa is nore than 4. 0. Then the pigment
containing bilirubin in the gagric pH range may become
inoluble. The beam o light penetrating the mixture with
precipitates can be scattered randomly in al directions.
Only ome of scattered light and the transmitted light can
be checked by the detector. Then the results may deviate
from Lambert-Beer lav and cause edimetion error. The
precipitates in gagdric juice nove randomly. The intendty
o light detected by the sengor then changes irregularly.
Then the sanpled data fluctuate greatly in the absorbance
time greph.

2.4 Other factors

There are other factors that can &fect the gpplication
o the fiber optic sengor in diagnossof DGR. The snsor
i's nore prone to interference from other subgtances due to
lack of its selectivity. If the anaytical sanple is mixed
with colorful conponents with an absmtion peak in the
vishle range, then the absorbance detected by the sengor
becomes the sum of dl absorbers present in DGR. The
€enor may give fd se information about DGR. S oolorful
food, such as gples, bananas, orange and © on is
eecidly awided before application.

Due to unavailability of (di- or mono-) ducoronide
bilirubin, BDT (Bilirubin Ditaurate) with a pKa close to
1 is often used to st up dandard curves. Although
ducoronide bilirubin and BDT are found to share dnog
the same totd hilirubin sandard curves at neutral pH!®! |
there is o proof showing their ectrum superpostion in
the gadric pH range. BDT is dways luble in the pH >
1. 0 while the dgucoronide hilirubin becomes inluble
below 3. 0. Furthernore guocoronide hilirubin is got to
oxidize to hiliverdin, which has a conpletdy different
wectrum beloapH 4. 511, This can give rise to nore
oconplexity to the ectrum of anayte in clinica andyds.
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The gpplication of the fiber optic senor is
oonplicated by the fact that binding to bile slts or
phogpholips can dgnificantly dfect the absorbance of
bilirunin gucworides or unconjugated hilirubin®.  This
factor cannot be minimized and there is no control over it.

3 Conclusion

A fiber optic senor for clinicd andyssdo DQR is
developed and an excellent performance is achieved with a
dynamic linear range of up to 10 mg/ dl. As revienved in
this paper the following factors are found to dfect its
goplication: optic wavelengh, pH of gadric juice,
i nterference from other colorful conponents in DGR, the
feature of hile, etc.

Fortunatdly the fiber senor is gill gpplicable and
helpful for clinical nonitoring DGR regardless of these
efects. The physcians do ot in fact care too much for
the accurate concentration of bilirubin in DGR. They
semto be nore atentive to whether DGR happens and
the reaionship between DGR and gadro-oesophaged
reflux diseases and their concerned conplications. S the
f*nor is now under development and will be gpplied in
clinicd diagmoss.
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