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АННОТАЦИЯ
Обоснование. Медикаментозное лечение вазомоторного ринита часто оказывается малоэффективным. Хирургические 
методы лечения вазомоторного ринита могут быть сравнительно эффективными, однако они нередко сопряжены с ри-
ском кровотечения и могут потребовать тампонады полости носа и последующего стационарного лечения. Для выбора 
параметров лазерного воздействия длиной волны 1,94 мкм на носовые раковины при лечении вазомоторного ринита 
исследованы коагуляционные возможности интерстициального воздействия этим лазером на ткани телячьей почки 
с оценкой морфологических изменений.
Цель — определить оптимальный режим интерстициального воздействия лазером с длиной волны 1,94 мкм на ткань 
телячьей почки для достижения максимальной коагуляции.
Материалы и методы. Задача исследования — выполнить интерстициальную коагуляцию на ткани телячьей почки 
на мощностях от 1 до 5 Вт с интервалом 1 Вт. Скорость движения волокна составляла 4 мм/с. Для статистического 
анализа воздействие с каждым уровнем мощности было повторено пять раз, получено по десять образцов материалов 
для гистологического исследования и морфометрии.
Результаты. При интерстициальном воздействии наибольший размер области коагуляции отмечается при мощности 
3 Вт, общий диаметр воздействия составляет в среднем 2,57 ± 0,1 мм.

Ключевые слова: вазомоторный ринит; интерстициальное лазерное воздействие; лазер с длиной волны излучения 
1,94 мкм.
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ABSTRACT
BACKGROUND: Medical treatment often provides only short-term relief and is ineffective in many cases. Although surgical 
interventions for vasomotor rhinitis are effective, they are also associated with significant bleeding, nasal tamponade, and 
hospitalization.
AIM: This study aimed to determine the optimal parameters for laser treatment using a 1.94-µm wavelength on nasal turbi-
nates in vasomotor rhinitis.
MATERIALS AND METHODS: The coagulation potential of the 1.94-µm wavelength on calf kidney tissue was investigated to 
guide the selection of laser parameters for nasal turbinates. Interstitial coagulation was performed on calf kidney tissue at 
power levels ranging from 1 to 5 W, with an interval of 1 W. The fiber movement speed was set at 4 mm/s. Each power level 
was tested five times for statistical analysis, and 10 samples were obtained for histological assessment.
RESULTS: With interstitial exposure, the largest coagulation area was observed at 3 W, and the overall diameter of the effect 
was on average 2.57 ± 0.1 mm.
CONCLUSIONS: The optimal balance between coagulation and ablation was achieved at a power level of 3 W during intersti-
tial exposure.

Keywords: vasomotor rhinitis; interstitial laser exposure; nasal turbinates; 1.94-µm wavelength laser.
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BACKGROUND
Vasomotor rhinitis is a chronic disease that is characterized 

by nasal congestion and hypersecretion. Furthermore, its 
development is influenced by both external and internal 
factors. However, it is not an immunologic reaction, and it is 
not associated with eosinophilia [1].

Medical treatment often has a short-term effect and may 
even be ineffective [2]. There are several methods of surgical 
treatment of vasomotor rhinitis, including interstitial disinte-
gration of the nasal vessels with cold instruments, superficial 
coagulation of the nasal cavities with radiofrequency instru-
ments [3], and cryodestruction with liquid nitrogen [12]. How-
ever, these methods can be harsh and may be accompanied 
by significant bleeding that may require nasal tamponade and 
hospitalization.

The demand for laser technologies in medicine is 
increasing. Laser treatments for vasomotor rhinitis have 
been in development for over 30 years, with extensive studies 
on the potential and limitations of the following wavelengths: 
1.06 μm, 0.81 μm, and 0.97 μm [4]. Currently, the interstitial 
and superficial effects of laser on the nasal cavities are being 
used for the surgical treatment of vasomotor rhinitis. For this 
purpose, water-absorbed lasers with a wavelength of 1.94 μm 
have demonstrated promising results. The lasers demonstrate 
a balanced between their coagulation and ablation properties, 
and they provide reliable hemostasis [5–7].

The 1.94-µm thulium laser is reportedly safe and suitable 
for the treatment of endobronchial lesions, dermatoses, 
and benign prostatic obstruction. There are also anecdotal 
reports of the treatment of nasal mucosa hyperplasia 
with superficial laser therapy (average power, 3 W) [8–10]. 
However, there is no evidence of its long-term effects and 
no clear understanding of its direct exposure and interstitial 
exposure capabilities.

In an experimental study on chicken muscle tissue, 
the cutting and coagulation properties of fiber lasers with 
wavelengths of 1.56 μm and 1.94 μm were compared with 
the cutting and coagulation properties of a 0.98-μm semicon-
ductor laser. The study findings revealed some differences in 
the biological effects of the tested water-absorbing lasers [11]. 
The corresponding morphological changes were studied to 
determine the parameters of the 1.94-μm laser to be applied 
to the nasal shells in the treatment of vasomotor rhinitis.

In this study, we aimed to determine the optimal mode of 
interstitial exposure of the calf kidney tissue with a 1.94-μm 
laser to achieve maximum coagulation.

MATERIAL AND METHODS
Four calf kidneys were used as target tissue in this study. 

After the animal was euthanized, the kidneys were harvested, 
cooled to 4°C and used within 24 h. 

On each kidney, 30-mm incisions were made parallel to 
each other using a laser. A gap of 8–10 mm was maintained 
between the incisions to eliminate the influence of one 
incision on another.

The emission wavelength of the thulium fiber laser 
used  was 1.94 μm, and the maximum power was 10 W. 
A light guide with a direct output of 600 μm/3-m radiation 
was used. 

Interstitial tissue effects were generated at a speed of 
4  mm/s and a length of 30 mm. The laser was applied for 
15  s, from the entry into the tissue up to 30 mm distally 
(in 7.5 s) and back. The exposure power was increased from 
1 W to 5 W at the rate of 1 W (Figure 1).

Ten specimens were obtained for each type of study. 
The specimens were stained with Mayer’s hematoxylin 
and eosin (Biovitrum, Russia), and they were analyzed 
under a light microscope (Eclipse Ni; Nikon, Japan) using 
the 10× eyepiece and the 4×, 10×, and 20× objectives. Digi-
tal images were obtained using a DS-Ri2 camera (Nikon, 
Japan) at 40× magnification. Morphometric analysis was 
performed using Nis Elements Basic Research (version X; 
Nikon, Japan). The depth of laser exposure was estimated 
as a function of laser power. Dependency diagrams of 
the coagulation depth on the laser exposure power were 
prepared using histological measurements (Figures 2–5, 
Tables 1–3).

RESULTS
At, The coagulation zone was significantly larger at 

2 W (0.66 mm) and 3 W (0.77 mm) than at the other power 
levels.

The coagulation zone was the least at 4 W and 5 W. This 
may have occurred because the ablation zone was larger at 
4 W (2.6 mm) and 5 W (2.8 mm) than at the other levels. 
A larger ablation zone indicates that most of the radiation 
energy went into the ablation process.

Fig. 1. Schematic of the damage
Рис. 1. Схема зоны повреждения

Total damage area 
Общая зона повреждения

Coagulation zone 
Зона коагуляции

Ablation zone 
Зона абляции
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We found that 4 mm/s is the optimal speed for interstitial 
laser treatment. Higher speeds produced shallow coagulation 
depths, which may have not produced sufficient scarring and 
long-term reduction of the cavernous tissue volume. A lower 

speed may produce more thermal damage to the tissue than 
a higher speed, resulting in a larger ablation zone. Thus, 
a smaller coagulation zone may be associated with an 
increased risk of intra- and post-operative bleeding.
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Fig. 2. Microscopic picture of pathologic changes in the biological tissue (calf kidney) after laser interstitial exposure to 1.94-µm wavelength 
laser: (а) 1 W, (b) 2 W, (c) 3 W, (d) 4 W, and (e) 5 W. Blue line, ablation zone; red line, ablation and coagulation zones
Рис. 2. Микроскопическая картина биологической ткани (телячий почки) после интерстициального воздействия лазером длиной 
волны 1,94 мкм: a — на мощности 1 Вт; b — на мощности 2 Вт; c — на мощности 3 Вт; d — на мощности 4 Вт; e — на мощности 
5 Вт. Синяя линия — зона абляции, красная линия — зоны абляции и коагуляции
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Fig. 3. Diameter of total tissue damage as a function of power
Рис. 3. Диаметр общего повреждения ткани в зависимости 
от мощности
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Fig. 4. Ablation zone diameter depending on power
Рис. 4. Диаметр зоны абляции в зависимости от мощности
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CONCLUSIONS
To produce interstitial coagulation of the lower nasal 

shells in vasomotor rhinitis, the 1.94-μm laser should 
be applied at 3 W. This is based on the finding that at 
a fiber conduction velocity of 4 mm/s and reciprocating fiber 
movement in the tissues, the coagulation zone produced is 
larger at 3 W than at other powers, while the ablation zone 
is small.
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Fig. 5. Coagulation thickness as a function of power
Рис. 5. Толщина коагуляции в зависимости от мощности

Table 1. Total diameter of the lesion
Таблица 1. Общий диаметр повреждения

Indicator 1 W 2 W 3 W 4 W 5 W

Mean, mm 2.29 2.37 2.57 2.95 3.33

Standard 
deviation, mm

0.08 0.16 0.10 0.19 0.11

Minimum, mm 2.12 2.15 2.39 2.77 3.21

Maximum, mm 2.39 2.62 2.71 3.39 3.55

Table 2. Ablation diameter of the laser
Таблица 2. Диаметр абляции

Indicator 1 W 2 W 3 W 4 W 5 W

Mean, mm 1.72 1.70 1.80 2.62 2.80

Standard 
deviation, mm

0.11 0.09 0.17 0.20 0.08

Minimum, mm 1.56 1.55 1.57 2.35 2.68

Maximum, mm 1.86 1.82 2.10 3.07 2.97

Table 3. Coagulation thickness of the laser
Таблица 3. Толщина коагуляции

Indicator 1 W 2 W 3 W 4 W 5 W

Mean, mm 0.58 0.66 0.77 0.33 0.53

Standard 
deviation, mm

0.16 0.22 0.18 0.16 0.16

Minimum, mm 0.35 0.42 0.47 0.09 0.27

Maximum, mm 0.79 1.07 1.02 0.58 0.78
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