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ABSTRACT

This study presents a hyperspectral optical imaging system for the diagnosis of infantile hemangiomas. Pilot
studies were conducted in the clinic on infants. As the main results, the parameters of blood flow and saturation
of the areas with hemangiomas were calculated using a previously developed neural network approach. The
results indicate the possibility of using this system to monitor the effectiveness of hemangiomas therapy.

Keywords: hyperspectral imaging, infantile hemangiomas, neural network processing, blood volume fraction,
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1. INTRODUCTION

Infantile hemangiomas are the most common vascular benign tumors in pediatrics, affecting about 5-10% of
children under the age of 6 months.! Approximately 12% of diagnosed childhood hemangiomas require long-
term therapy.?2 The progression of such hemangiomas is usually documented by relatively subjective methods
based on physical examination, visual analog scale, and review of photographs taken.? The measurements of
the lesions made in this way and their subsequent evaluation can be inaccurate, as they depend largely on the
subjective opinion of the operator (angle and lighting of the photographs, etc.). The lack of an objective tool for
assessing hemangiomas makes it difficult to decide on the correct course of lesion treatment and to compare the
effectiveness of different treatments. It follows that the task of finding and developing a new noninvasive method
of measuring hemangioma areas is an important and actual task.

Today, a variety of noninvasive diagnostic methods for infantile hemangiomas are already used in clinical
practice, allowing the evaluation of the efficacy of the treatment of this pathology, but at the same time having
a range of significant limitations. For example, various radiographic methods* used are associated with a high
radiation load on the child and the need to perform investigations under anesthesia. The ultrasound examinations
of hemangiomas used in most cases are not able to make an accurate diagnosis and are used as an additional
examination.® In this regard, methods of optical noninvasive diagnostics designed to measure the absorption and
scattering properties of optically heterogeneous media, such as biological tissues, are promising. According to
the assumption that the appearance of hemangiomas is influenced by hypoxic stress of local tissues, the analysis
of oxygenation by detection of diffuse reflectance radiation can be used in the evaluation of the effectiveness of
the treatment of this disease. Thus, the aim of this study was to develop a system of noninvasive diagnostics of
infantile hemangiomas in order to further form an objective criterion for evaluating the efficacy of the treatment.
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2. MATERIAL AND METHODS

To achieve the aim, we developed a system of optical imaging based on registration of diffuse light reflection
from tissues using a hyperspectral approach. A developed halogen source with a radiation power of 60 mW and
a probing area of approximately 20 cm? was used as a broadband radiation source. Specim hyperspectral camera
(Specim, Spectral Imaging Ltd., Finland) with spectral range of 400-1000 nm and exposure time of 150 ms was
used as a detector.

Infantile hemangiomas were studied in two children under the age of 6 months with different localization of
neoplasms (in the temporal and abdominal regions). Each patient was positioned in the supine position on a
medical couch. The conducted studies were approved by the Ethics Committee of Orel State University. For all
experiments performed in accordance with the research methodology, registration of diffuse reflected radiation
from the object of study with subsequent analysis of the obtained spectra was carried out. To normalize the data,
registration of spectra from the diffuse reflectance standard was performed. The obtained results were processed
using a previously developed neural network trained by a generalized object-oriented Monte Carlo model.5®

3. RESULTS AND DISCUSSION

As a result, hyperspectral image arrays of two infantile hemangiomas were obtained. Fig. 1 shows averaged
normalized diffuse reflectance spectra for the tumor and intact healthy tissue areas, respectively. The revealed
difference in the shape of reflection spectra indicates a change in the optical properties of hemangioma nidus
compared to intact tissue, which allows further mathematical processing of the results.
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Figure 1. Averaged normalized diffuse reflectance spectra for hemangiomas and intact healthy tissue.

Using a neural network approach, based on previously obtained hyperspectral arrays of infantile hemangiomas,
we calculated two-dimensional maps of blood volume fraction and blood oxygen saturation. The results shown
in Fig. 2, are presented in the form of a box plot, including the averaged values of the blood volume fraction
(Fig. 2a) and skin blood saturation parameters (Fig. 2b) for the tumor and intact areas of healthy tissues.

Hemangioma, tissue is known to be oversaturated with blood vessels' and similar to the placenta, which is
confirmed by the detected increase in the blood volume fraction in the hemangioma area compared to intact
tissue (Fig. 2a, p < 0.005). It is also suggested that hemangioma growth occurs when tissues and blood vessels
receive insufficient oxygen. Thus, the identified decrease in the oxygen saturation index in the hemangiomas area
compared to normal values in intact tissue”(Fig. 2b, p < 0.001) indicates the possibility of using the developed
diagnostic system. However, when ulceration occurs, an increase in oxygen saturation can be observed in the area
of hemangiomas associated with arterioportal shunts.'® From this we can conclude that the correct interpretation
of hemangioma monitoring depends on many factors, including the stage of tumor growth.
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Figure 2. Estimated blood volume fraction (a) and oxygen saturation (b) for hemangiomas and intact healthy tissue.

4. CONCLUSION

Analysis of the measurement results of infantile hemangiomas demonstrated the possibility of an effective as-
sessment of blood volume and oxygen saturation parameters using the previously developed neural network
approach. The possibilities of the developed diagnostic system with the purpose of its further use for monitoring
of hemangiomas treatment efficiency are demonstrated. It is important to note that there are limitations in the
application of the proposed method associated with uncontrolled movements of the body of infants, which must
be taken into account during measurements.
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