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Abstract. In gastrointestinal surgery, surgeon subjectively judges if the organ is 
healthy from the color.  However it is difficult to discriminate a small differ-
ence of organ’s color by visual inspection. In this paper, we focus on the tissue 
oxygen saturation (StO2) that represents balance of oxygen demand and supply 
in tissue and try to estimate its value by transmitted light intensity analysis. We 
developed a system for measurement of transmitted light intensity using a com-
pact spectrometer and a halogen light source and collected transmitted light  
intensity data from pig’s small intestines. Absorbance of the tissue was then 
calculated from those data. On the basis of Beer-Lambert law, we estimated 
StO2 from the calculated absorbance. Results of evaluation experiment to pig's 
small intestines suggested the possibility of quantitative evaluation of tissue 
viability by the proposed method. 

Keywords: Transmitted light intensity analysis, Tissue oxygen saturation 
(StO2)，Beer-Lambert law. 

1 Introduction 

In the reconstructive and resection surgery of the hollow organ such as small intestine 
the determination of the viability is very important. This determination is performed 
by visual inspection based on the organ's color. However it is difficult to discriminate 
a small difference of organ’s color. For this reason, quantification of gastrointestinal 
viability is required.  

As solution for this problem, quantification methods for gastrointestinal viability 
using of spectral information have been studied. In those works, a hyper spectral cam-
era or a combination of LED light source and color CCD camera were used. Among 
those studies, H. Akbari et al[1] and E. Kohlenberg et al[2] segmented the ischemic 
site by focusing on the differences of the spectral reflectance between the ischemic 
intestine and normal intestine. Other groups[3]-[5] presented estimation methods of 
oxygen saturation based on reflected intensity analysis. In these studies, improving 
the accuracy of determination is difficult due to the difference of the optical path and 
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where εi(λ) and Ci denotes the extinction coefficient and the concentration of i-th light-
absorbing substance, respectively. l denotes the optical path length of the tissue. 
 

In fact, the value calculated by Eq. (1) consists of not only blood absorbance but 
also the other tissue absorbance and scattering factor. It is considered that there are 
two kinds of light-absorbing substance in organ. One is blood components consisting 
of oxygenated hemoglobin and deoxygenated hemoglobin. The other is components 
such as muscle, nerve or fat that does not contribute the variation of oxygen satura-
tion. Thus, we define the organ absorbance Aorgan(λ) by adding the correction term 
Atissue(λ) that represents absorption and scattering of the other tissues to the blood 
absorbance Ablood(λ) as  

 )()()( tissuebloodorgan λλλ AAA += . (3) 

Here the absorbance of blood is given by Eq. (4) using oxygenated and deoxygenated 
hemoglobin extinction coefficient εo(λ) and εd(λ), concentration Co and Cd as 

 lClCA ddooblood )()()( λελελ += . (4) 

If we can estimate concentration Co and Cd, StO2 is given by 

 100StO
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o
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+
=
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C
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Since the oxygenated and deoxygenated hemoglobin extinction coefficient εo(λ) and εd 
(λ) are already known, StO2 can be obtained if Ablood(λ) and l are estimated. Estimating 
l is not a difficult task because the intestine is clipped and the thickness can be meas-
ured. The problem is how to estimate Atissue(λ).  From the observation of measured 
data, we consider that it can be represented by a small number of principal compo-
nents of spectral absorbance. Actual estimation technique is described below. 

3.2 Estimation Method of Tissue Oxygen Saturation 

Based on the above-mentioned model, we propose an estimation method of tissue 
oxygen saturation. It consists of two steps: preparation step and estimation step.  

In the preparation step, we use some well-controlled samples of organ for learning 
and determine principal components to represent Atissue(λ) from the measured data. 
More specifically, organ absorbance Aorgan(λ) is directly measured. On the other hand, 
we measure concentration values by a blood analyzer and estimate Ablood(λ) based on 
Beer-Lambert law. From these two values, tissue absorbance is calculated from Eq. 
(3) as 
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This estimation is performed for N examples. Then principal component analysis is 
applied to those data. Using the mean component um(λ) and principal components 
ui(λ) that show sufficient contribution ratio, we determine  Atissue(λ) as 
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Here n is number of used principal components and α is coefficient. Using this func-
tion, we defined organ model formula as 
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For the target organ, we substitute organ absorbance data collected intraoperatively 
into the model expression. Then, we apply multiple regression analysis to the model 
formula and calculate regression coefficients including Col, Cdl.  

4 Experiment for Estimation of Tissue Oxygen Saturation 

4.1 Estimation Experiment to Healthy Intestines 

The proposed method was applied to 15 absorbance data of healthy intestines of two 
pigs. Determination of the model and the estimation of StO2 were conducted by the 
Leave-One-Out technique. Namely, determination of the basis functions of Atissue(λ) 
was done using 14 absorbance data out of 15 original data and the remaining one data 
was estimated. In PCA, the first and second principal components were used because 
they showed enough cumulative contribution ratio. Fig.3 (a), (b) show an example of 
principal components and mean component, respectively. 

 

Fig. 3. A sample of used principal components. (a) is the 1st and 2nd principal component. (b) is 
mean component. 
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5 Conclusion 

We made constructing a transmitted light intensity measurement system using a com-
pact spectrometer and halogen light source, and collected absorbance data from pig’s 
intestines in in-vivo animal experiments. The data was collected from both of healthy 
intestines and ischemia ones by ligation. 

Based on the Beer-Lambert law, we took into account the absorption and scattering of 
tissue other than blood and defined organ model formula. Then, using this formula, 
estimation of StO2 was attempted. StO2 estimation for healthy intestines was performed 
with 2.0 % of average error and 4.6 % of maximum error. Furthermore, through the 
experiment of StO2 estimation of ligated intestines, the possibility of intraoperative 
monitoring of changes in blood circulation state of small intestine was suggested. 

Evaluation of the model formula and accuracy improvement by increase of the data 
with various blood circulation states is future works. Moreover, we will develop a 
more compact and easy-to-use transmitted light intensity measurement system using 
LED light source and linear sensor for clinical use. 
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