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Abstract

In this paper, we present some results obtained from the simulation of low power 633,
780, 850, and 940 nm laser in the liver by Monte Carlo method, with the model of the
liver, consisting of Smm derm, 7mm subcutaneous fat, 5 mm muscle layer. Based on
these results, we fabricated devices called “Laser Semiconductor Optoacupuncture and
phototherapy Device” using 780 and 940nm semiconductor lasers to treat chronic
hepatitis. We combined with the doctor in An Giang province to clinical practice for 50
voluntary patients with chronic hepatitis. We used a 650 nm wavelength intravascular
semiconductor laser treatment clinically to provide high-quality blood to the patients’
liver. Treating the phototherapy of the skin with two semiconductor laser beams with 780
nm and 940 nm wavelengths directly affects the liver from the surface of the abdomen.
At the moment, we use the treatment on acupoint with 940nm- wavelength laser. A
treatment course consists of 20 times for the patients is treated continuously. The patients
tested with the ALT and AST before and after treatment with 3 courses. We use the SPSS
23 statistical method to evaluate the outcomes of treatment. The clinical symptoms of the
patients such as fatigue, nausea, indigestion, fever, jaundice, yellow eyes almost
completely have gone out after treatment. Low-level laser therapy offers a good response
in patients with moderate to severe hepatic impairment such as the AST of 56.380 +
10.162 and 39.260 + 4.869; The ALT of 56.540 + 13.580 and 41,360 = 7,488 for before-
and after treatments, respectively. Low-level laser therapy for patients initially has good
results, high therapeutic effectiveness, no catastrophic or side Effects, and the statistical
significance is p < 0.001.
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This research applied the ethical principles of the Helsinki Declaration in human
researches. The research was carried out using non-invasive methods on humans with the
regulations of the University of Technology, Vietnam National University Ho Chi Minh
City, and the relevant regulations.

1 Introduction

Light-tissue interactions are an important aspect of low-level laser therapy. Light-tissue
interactions have two main actors: optical radiation and tissue. Low-level laser therapy (LLLT) refers
to many types of therapy based on photobiomodulation. A process that causes biological alterations in
organisms due to photon interaction with atoms or molecules [1]. LLLT is gaining popularity in a
variety of clinical applications [2]. Some studies have shown that LLLT enhances skin wound recovery,
reduces pain, and control inflammation [3, 4]. Makashova researched the effect of laser therapy in
different modes and effects on thermocoagulation in patients with acute viral hepatitis B (AVHB) in
2001. Laser therapy normalizes hemostasis and platelet function. Two laser modes had the same clinical
effectiveness. The AVHB patients exposed to laser had intoxication, hemorrhagic phenomena, jaundice,
infusion therapy, gone out and hospital stay were shorter in laser therapy. Laser therapy normalizes
hemostasis and platelet function [4].

The effects of low-intensity irradiation on the liver mitochondria of normal rats and type 2 diabetic
rats were researched in 2008. The effect of laser irradiation on such mitochondria significantly recovers
their functional activity that can be explained by changes in the inner membrane mitochondria structure
in such circumstances [5].

Baigaliev (2010) had an examination for a group of 59 patients presenting with acute viral hepatitis
B. The patients had a single course of pulsed infrared laser irradiation resulted in the improvement of
clinical conditions and stabilization of ALAT activity, total and direct bilirubin levels [6].

The effect of low-intensity laser therapy on the cytokine system and the function of vascular
endothelium in patients were presented with chronic viral hepatitis by Burduli (2011). The results of
using low-concentrated laser irradiation as an element of combined therapy of patients presenting with
chronic viral hepatitis have marked beneficial effects on the cytokine system and improved the
functional activity of vascular endothelium and its NO-producing capacity [7].

The character of microcirculatory disorders in the patients existing with chronic viral hepatitis,
Burduli explains the use of laser irradiation to assess the probability for the adjustment of the associated
disorders. Application of laser irradiation as an element of the combined treatment of the patients
presenting with chronic viral hepatitis help improvement of microcirculatory disorders [8].

From the above studies, a laser is a tool, which becomes available to help many physicians but before
the doctor can use this tool he must select a laser, a radiated power, a dot size, and irradiation time. So
we calculated the Monte Carlo simulation to determine the appropriate wavelengths in the treatment.
Any model of laser treatment is based on the distribution of light in the tissue [9].

2 Method

The Monte Carlo simulation method has been used to solve various problems in the physics of light
propagation in biological tissue. The simulation program was written in Borland Delphi 7. After that,
we used to perform the propagation of photons in tissue by Monte Carlo simulation method, code
modified on Tran Thi Ngoc Dung's source. Monte Carlo simulation is a statistical technique for
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simulating random processes and has been applied to light-tissue interactions under a wide variety of
situations [10, 11, 12, 13, 14, 15, 16].The light-tissue interaction is governed by the optical tissue
parameters, such as the scattering s, and the absorption pa., coefficients, which are wavelength-
dependent. The absorption coefficient, which can vary over several orders of magnitude, increases
towards the visible wavelengths [17, 18, 19].

In the red and near-infrared regions with A > 625 nm, the absorption coefficient varies between 0.01
and 0.5 cm. On the other hand, the scattering coefficient varies only slightly as a function of the
wavelength between 10 and 200 cm™ [20, 21].

2.1 Optical parameters of liver tissue

We determined the thickness of the layers based on the DICOM image of the patient (Fig.1). We
use a three-layer model of skin tissue to liver consisting of 3 mm-thick derm, 7mm-thick subcutaneous
fat, and 5 mm-thick muscle layer. The thickness of the layers is 15mm. The optical parameters of
different layers corresponding to wavelengths 633, 780, 850, and 940 nm are presented in Table 1 [22,
23,24]

Figure 1: DICOM image of the patient
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2.2 Simulation results

Wavelength (nm) 633 780 850 940
Absorption coefficient of derm  0.03341  0.01418 0.01223 0.01905
(mm™)

Absorption coefficient of 0.013 0.0064 0.0062 0.0042
subcutaneous fat (mm")

Absorption coefficient of muscle  0.045 0.0057 0.0053 0.0037
(mm™)

Scattering coefficient of derm 27.29 19.74 17.57 15.68
(mm™)

Scattering coefficient of 1.27 4.62 491 4.35
subcutaneous fat (mm")

Scattering coefficient of muscle 21.08 22.39 21.73 18.7
(mm™)

Anisotropy of derm 0.85 0.85 0.85 0.85
Anisotropy of subcutaneous fat 0.8 0.8 0.8 0.8
Anisotropy of muscle 0.95 0.95 0.95 0.95

Table 1: The optical parameters of different layers at the abdominal area correspond to wavelengths 633,
780, 850, and 940 nm.

Fig. 2 present the energy density corresponding to 633, 780, 850, and 940nm. We estimated a
characteristic penetration depth of light depth 35, 100, 120, and 125mm corresponding to the energy
density x10™* (W/Cm?). The penetration of 633, 780, 850, and 940nm can go deeply in the liver at 15 mW
power. The penetration of 850nm and 940 nm are almost the same. biological responses at the target
tissue. I occur easily biological responses at the target tissue

2.3 The clinical treatment device

Based on the above research, we fabricated the device called “Laser Semiconductor
Optoacupuncture and phototherapy Device” (Fig.3) with the following parameters:

Phototherapy part with two outputs: the wavelengths used 780nm and 940nm, the optical
power: 0-18mW.

Optoacupuncture part with ten outputs: the wavelengths used 940nm, the optical power: 0-
12mW.

The modulation frequency: 5-100Hz.

Irradiation time: 5, 10, 15, 20, and 30 minutes.

Power supply: AC-120V/50Hz or DC -12V
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Figure 3 Laser Semiconductor Optoacupuncture and phototherapy Device
=  Weight: 1 kg

The two above devices have been researched and manufactured by the Laser Technology Laboratory
- Ho Chi Minh City University of Technology.

Figure 4: Intravascular semiconductor laser device

3 Results and Discussion

3.1 Clinical results in patients

3.1.1. Material

We combined with the doctor to perform the treatment for patients. The patients included 50 people
about the age of 40-54-year-olds twhovolundntarily participated in this clinical experiment. They have
many symptoms as nausea, loss of appetite, abdominal pain, fever, jaundice, painful hepatomegaly,
splenomegaly. Our research method is a clinical experiment (Fig.5).

3.1.2. Methods:

From the above simulation results of low-level laser transmission at different wavelengths, we chose
semiconductor laser wavelength of 780nm and 940nm to create the effect of the two simultaneous
wavelengths which impacts directly on the surface of the abdomen skin to the liver and the thymus,
spleen and lymph nodes around the liver. From the above simulation results, we chose the
semiconductor laser wavelength of 940nm to make the Opto-acupuncture needle on acupoints to treat
different types of hepatitis and acupuncture points for activating the immune system.
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N\

8\
Figure 5 the patient with low level laser therapy in An Giang province

From the studied results in [23, 24, 25], we chose the semiconductor laser of 650nm wavelength to
perform the intravascular semiconductor laser method. It makes the blood circulation system to the liver
and thymus the most sufficiently. When the blood circulation system is improved, it leads to a series of
effects on the whole body, as adjusting specific and nonspecific immune, increasing the ability to
combine oxygen with hemoglobin, transporting the oxygen in the blood. The patients tested with ALT,
AST before and after treatment course with low-power laser therapy.

3.1.3. The treatment course:

A treatment course consists of 20 days. On the first day, we used an intravascular semiconductor
laser device to perform therapy. On the second day, we treated this disease with Laser Semiconductor
Optoacupuncture and phototherapy Device. This treatment cycle is repeated until the end of a therapy
course. Treatment once a day, once treatment is 45 - 60 minutes.

3.1.4.Experiment:

To evaluate the effectiveness of the clinical experiment, we relied on blood tests before and after
treatment. In the liver enzymes: the ALT (Alanine Aminotransferase), also called SGPT, and the AST
(Aspartate Aminotransferase), also called SGOT, exist in blood at a low rate. The patients had a blood
test with ALT, AST before and after treatment. We use the SPSS 23 statistical method to evaluate
outcomes of treatment after 3 courses (60 days) (Statistical Package for the Social Sciences 23).

Table 2. The AST and the ALT before and after treatment

n=>50 the AST (U/L) the ALT (U/L)

(X £SD) (X £SD)
before (56.380 = 10.162) (56.540+13.580)
after (39.260 + 4.869) (41.360+ 7.488)
p value p <0.001 p <0.001

From table 2, we find that the AST and the ALT of the patient decreased significantly and they
become normal after treatment. Statistical analysis of liver enzymes according to the Anova method
showed that p <0.001. The symptoms of patients: nausea, loss of appetite, abdominal pain, fever,
jaundice completely disappeared.
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3.2 Discussion

The LLLT is more than an alternative kind of treatment; it is a whole new method to control cells
and organisms by precise alterations in molecules. The LLLT empowers contemporary clinicians with
a modern and transdisciplinary way to fight against diseases and other undesired conditions in humans
and other animals. Moreover, it is a way to stimulate or inhibit some biological processes in all kinds
of known living creatures, since LLLT acts in cell respiration.

4 Conclusion

Clinical applications of low-power laser therapy are diverse. The subject is illustrated by a variety
of approaches and uses of various light sources (lasers, LEDs) with different parameters (wavelength,
output power, continuous-wave or pulsed operation modes, pulse parameters).

From the results obtained by simulating the propagation of photons in liver tissue, the contributions
of this paper such as the effect of the two simultaneous wavelengths 780 nm and 940nm in therapeutic
devices to regenerate and rehabilitate the liver damages of the patients which is a promising alternative
treatment method. This thing can recommend us the possibility to use infrared low power laser to treat
diseases.
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