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Abstract
The aim – to study the effectiveness of endoscopic photodynamic therapy as a preoperative preparation of the tracheobronchial 

tree in patients with lung cancer.
Materials and methods. The study included 181 patients with II–III stage of lung’s cancer. Diagnose of lung’s cancer was con-

firmed with a morphologically and concomitant endobronchitis. During the preoperative preparation, we used a technique developed by 
us introducing into the tracheobronchial tree an aqueous solution of brilliant green at concentration of 0.04 %, followed by irradiation of 
this solution with laser radiation with the wavelength of 0.63 μm (AFL-2 helium-neon laser) in an independent form and in combination 
with traditional anti-inflammatory therapy. Endoscopic endobronchial sanitation therapy was carried out by low-intensity radiation of 
the red part of the spectrum (λ=0.63–0.66 μm) in a pulsed mode, with a power of 12 mW. 

Results. After 3–5 days of the start preoperative preparation and 1–2 sessions of endoscopic bronchosanation, the general state 
of patients was improved, the amount of sputum decreased and was changing from mucopurulent to mucous. To completely stop the 
clinical phenomena of endobronchitis, it was necessary to conduct 5–6 sessions of endoscopic photodynamic therapy according to our 
methodology, with the introduction of our method. In patients without pronounced clinical symptoms of concomitant chronic bronchitis, 
it was enough to complete only 3 sessions of bronchosanation.

Conclusion. Endoscopic photodynamic bronchosanation in the preoperative period in patients for correcting accompanying 
endobronchitis can significantly reduce or completely stop the clinical manifestations of endobronchitis in the shortest time and leads to 
a significant decrease in the number of endobronchial complications in surgical and combined treatment of lung cancer.
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 1. Introduction
In spite of improvement of surgical procedures and preoperative preparation, the immediate 

results of radical operations for lung tumors remain unsatisfactory. Postoperative complications 
take place in 5.0–37.5 % of the operated patients [1, 2].

The most serious and dangerous complications of surgical treatment of lung’s cancer are 
failure of the bronchus stump; bronchial fistula with developing of empyema of pleural cavity; 
diffuse purulent endobronchitis [3, 4].

According to various authors, the presented complications make up 3.0–12.0 % in the gen-
eral structure of postoperative outcomes [5, 6]. 

Postoperative mortality among patients with bronchial fistula is 21.0–30.0 % of incidents [7, 8].
Patients with lung’s cancer have difficult postoperative endobronchial complications. More-

over, they have big problems in treatment and the operation significantly worsen the quality of life 
of radically operated patients [9, 10]. Conservative treatment of bronchial fistula can be successful 
only in the early stages of formation of the fistula, until the formation of a stable scar channel and 
his epithelization [11, 12].

The inflammatory process in the mucosa of the bronchial tree is usually accompanied by 
edema and hyperemia of mucous membrane, decrease of elasticity, contact bleeding and presence 
of the sputum in the lumen of bronchial tree. In this case, the drainage function of the ciliated 
epithelium gets worse, with microcirculation impairments and accumulation of thick bronchial 
secretions [13, 14].

It is generally recognized, that the state of the bronchial epithelium in the preoperative 
period in patients with cancer is crucial to regenerative processes in the bronchus stump [14, 15].  
That is why, success in the treatment of chronic bronchitis is determined by the search for 
new methods of therapy, including those, whose action is aimed at stimulating regenerative 
processes [16, 17].

One of them is the low-intensity laser irradiation method, which is widely used in general 
clinical practice [18, 19]. However, in thoracic surgery its use restrained and cautious, because the 
mechanism of action and effect on the tumor cells are not fully understood [20, 21].

A number of experimental and clinical studies have shown, that low-intensity laser radiation 
of the red part of the spectrum (λ=0.63-0.66 μm) does not have only pronounced anti-inflammatory 
and stimulating tissue regeneration effect, but also does not stimulate tumor growth [22, 23].

However, in the available literature there are practically no works devoted to the use of pho-
todynamic therapy as a method of preoperative preparation of the bronchial tree and treatment of 
postoperative endobronchial complications in patients after thoracic interventions [24, 25].

The aim of the research – study of the effectiveness of endoscopic photodynamic therapy 
as a preoperative preparation of the tracheobronchial tree in patients with lung cancer.

2. Materials and methods
The study was conducted from 2015 to 2019 years and included 181 patients with II-III stage 

of lung cancer, who treatment was in department of thoraco-abdominal surgery of SU «V. T. Zayt-
sev Institute of General and Emergency Surgery of NAMS of Ukraine». Diagnose of lung cancer 
was confirmed with a morphologically and concomitant endobronchitis. 

The authors declare that all the procedures and experiments of this study respect the ethical 
standards in the Helsinki Declaration of 1975, as revised in 2008(5), as well as the national law. 
Informed consent to participate in the study was discussed and signed by all study participants.

In the preoperative period, all patients were divided into III representative groups: I group –  
63 patients, who received endoscopic photodynamic therapy in the preoperative period; II group –  
60 patients, who received complex treatment which included endoscopic laser therapy in combination 
with traditional anti-inflammatory therapy; III group – 58 patients, who received in the preoperative 
period only traditional anti-inflammatory therapy.

The studied groups are equivalent and comparable in terms of basic prognostic criteria: sex, 
age, stage of cancer and localization of the tumor process, as well as by the degree of severity of 
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clinical, endoscopic signs of concomitant endobronchitis and the composition of the microflora of 
the bronchial tree.

During the preoperative preparation, we used a technique developed by us introducing into the 
tracheobronchial tree an aqueous solution of brilliant green at concentration of 0.04 %, followed by 
irradiation of this solution with laser radiation with the wavelength of 0.63 μm (AFL-2 helium-neon 
laser) in an independent form and in combination with traditional anti-inflammatory therapy.

Endoscopic endobronchial sanitation therapy was carried out by low-intensity radiation of 
the red part of the spectrum (λ=0.63–0.66 μm) in a pulsed mode, with a power of 12 mW. Endoscop-
ic endobronchial sanitation included a look at the trachea, bifurcation, head, lobar, segmental and 
subsegmental bronchial. We used device company Pentax (Japan). Sessions were carried out every 
other day, patients received 3–6 sessions of bronchosanation, which included – direct reorganiza-
tion of the bronchial tree and laser irradiation in the indicated mode. 

The complex of traditional preoperative preparation in the comparison group was consisting 
of: prescribing broad-spectrum antibiotics, which were taking into account the sensitivity of the 
microflora of the bronchial tree; bronchodilators; antitussive drugs; inhalation of alkaline solu-
tions; oxygen therapy and respiratory gymnastics.

In the group of patients, who received comprehensive treatment for concomitant chronic en-
dobronchitis, traditional anti-inflammatory treatment was performed as preoperative preparation 
according to the above scheme in combination with endoscopic laser therapy.

3. Results
For a fairly short period, it is possible to conduct an adequate highly effective preoperative 

preparation of the tracheobronchial tree.
In group I of patients, who received only endoscopic laser therapy, before the study a cough 

was in 55 (87.3 %), (р<0.05), dyspnea – 40 (63.4 %), (р<0.05). After completion of the preoperative 
preparation course (average 5–6 sessions), the cough persisted in 9 (14.2 %), (р<0.05) patients, 
dyspnea – 4 (6.3 %), (р<0.05) cases. In group II, before the start of treatment, cough was observed 
in 58 (96.6 %), (р<0.05) dyspnea – 38 (63.3 %), (р <0.05) patients. After treatment, cough persisted 
in 5 (8.3 %), (р<0.05) patients, dyspnea – 4 (6.6 %), (р<0,05). In comparison group (III), cough was 
noted in 45 (77.6 %), (р<0.05), dyspnea in 38 (65.5 %), (р<0,05). After the preoperative prepara-
tion, cough – 20 (34.5 %) (р<0,05) patients, dyspnea – 18 (31.0 %), (р<0.05). The differences in the 
groups are statistically significant (p<0.05).

At the end of the preoperative preparation course, we were noted significant changes in the 
endoscopic picture of the bronchial tree. In I group hyperemia of the bronchial mucosa persisted 
only in 5 (7.9 %), edema of the bronchial mucosa – 2 (3.3 %), sputum in the lumen of the bronchial 
tree – 3 (4.7 %) cases. In the II group of combined preoperative preparation, the results of the treat-
ment are more effective: no edema of the mucous membrane; sputum in the lumen of the bronchial 
tree – 1 (1.6 %); hyperemia of the mucous membrane – 2 (3.3 %) cases. When we were conducting 
preoperative preparation using only anti-inflammatory therapy (III group), it was not possible to 
completely stop the signs of inflammation, only to reduce their number: hyperemia of the bronchial 
mucosa – 16 (27.6 %) cases; edema of the mucous membrane – 12 (20.6 %); sputum in the lumen 
of the bronchial tree – 14 (24.1 %) cases. The differences between the main and control groups are 
statistically significant (p<0.05) (Table 1).

Table 1
Paraclinical indicators after preoperative preparation

Data I group II group III group p
Cough 9 (14.2 %) 5 (8.3 %) 20 (34.5 %)

р<0.05
Dyspnea 4 (6.3 %) 5 (8.3 %) 18 (31.0 %)

Hyperemia of the bronchial mucosa 5 (7.9 %) 2 (3.3 %) 16 (27.6 %
Edema of the bronchial mucosa 2 (3.3 %) 0 12 (20.6 %)

Sputum in the lumen of the bronchial tree 3 (4.7 %) 1 (1.6 %) 14 (24.1 %)
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When we were analyzing the nature of pathogenic microflora after preoperative preparation 
(Staphylococcus aureus, Streptococcus pneumonia, Echerichia coli) we founded microflora in the 
lumen of the bronchial tree: I group – in 8±1.2 patients; II group – 8±0.9; III group – in 31±1.3. The 
difference is statistically significant (p >0.05).

Another objective method for assessing the effectiveness of preoperative preparation was 
determined the rate of mucociliary clearance (MCC), since a long inflammatory process and re-
sults, which significant decrease in the drainage function of the bronchi. Used drugs that make up 
the complex of traditional anti-inflammatory therapy cause only a little increase in mucociliary 
clearance up to 30.0±4.1 %. After preoperative preparation, the using endoscopic photodynamic 
bronchosanation, it is showed, that the MCC’s speed has increased and was equal to 47±3.7 %. This 
corresponds to the normal MCC speed indicator.

Microscopic examination of histological preparations of the bronchial mucosa showed that 
after preoperative endoscopic laser therapy using photodynamic therapy (I group), mucosal edema 
and leukocytes were completely absent. In II group edema was in 4±0.7 patients, leukocytes – 
7±2.3. In III group, 14±1.1 patients had edema, leukocytes – 19±1.7 (p<0.05).

We were noted metaplasia of bronchial epithelium, in 1±0.3 patients of I group and in 1±0.1 
of II group. In the control group (III), epithelial metaplasia is characterized by an inflammatory 
process in the bronchial system – in 27 (46.5 %) patients (p<0.05).

Along with metaplasia of the bronchial mucosa, were determined dysplastic chang-
es in bronchial epithelium of various degrees in a number of patients of the studied groups. In  
I group was noted decrease in the total number of bronchial epithelium dysplasia and persisted in –  
22 (35.0 %) patients, in group II – 25 (41.6 %). In patients, who received traditional preoperative 
preparation (group III), dysplastic changes in the bronchial mucosa persisted in 43 (74.1 %) cases, 
and in more than half of the cases after treatment, the initial degree of dysplasia.

4. Discussion
The results indicate a quick and effective relief of all signs of concomitant chronic bronchitis 

in patients of the I and II groups, due to which microcirculation improves, the energy potential of 
cells increases, and regeneration processes in the mucous membranes normalize.

After completing the course of preoperative preparation using various methods of rehabil-
itation of the tracheobronchial tree, were noted significant changes in the inflammatory process 
in the bronchial tree, according to a number of clinical, laboratory, endoscopic and morphological 
criteria [12].

There was an improvement in general condition of the patient and a decrease in the main 
clinical symptoms of concomitant chronic bronchitis in all the studied groups [17].At the same 
time, already 3–5 days after the start of preoperative preparation, after 1–2 sessions of endoscopic 
bronchosanation in patients, their general state of health improved, the amount of expectorated 
sputum decreased and its character changed from mucopurulent to mucous. In patients of the com-
parison group, these changes in the clinical manifestations of bronchitis were recorded at a later 
date after 10–14 days from the start of treatment [23].

To completely stop the clinical phenomena of endobronchitis, it was necessary to carry out 
from 5 to 6 sessions of endoscopic photodynamic therapy according to our methodology, with the 
introduction of an aqueous solution of brilliant green dye at a concentration of 0.04 % into the tra-
cheobronchial tree, followed by irradiation of this solution with laser radiation with a wavelength 
of 0, 63 microns (AFL-2 helium-neon laser), output power of the fiber is 12 mW. In patients without 
pronounced clinical symptoms of concomitant chronic bronchitis, it was sufficient to complete 
only 3 sessions of bronchosanation using the proposed technique.

In the I group of patients after surgical complications in the form of bronchial fistulas or 
the development of diffuse endobronchitis was not observed. In the II group of patients (Fig. 1),  
who received a photodynamic bronchodication in combination with traditional preoperative 
preparation, endobronchial complications were recorded only in 5 (6.6 %) cases of cases: bron-
chial fistulas – 3 (5.0 %), diffuse endobronchitis – 1 (1.6 %) cases. Complications in the III group 
of patients received anti-inflammatory therapy without additional bronchial debridement in  
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9 (15.5 %): bronchial fistula – 6 (10.3 %) patients; endobronchitis II–III degree of severity –  
3 (5.2 %). The difference is statistically significant (p<0.05). 

In the series of patients after pneumonectomy, the proportion of BPF reported in each study 
ranged from 0 to 17.0 %. In the pooled population, the proportion of BPF was 4.0 % [25].

Fig. 1. Complications in the postoperative period

Study limitations. The use of drug therapy contributes to decrease of inflammatory pro-
cesses, which improves the postoperative period, however, to realize the full effect of the treatment, 
it need has longer period and additional prescription of physiotherapeutic methods of treatment, 
which are absolutely contraindicated for cancer patients. The difference in better effect in group II,  
compared with group I of patients who received endoscopic bronchosanation in an independent 
form, is probably associated with a short use of traditional medicines for 10–14 days.

Prospects for the further research. Since the use of endoscopic bronchosanation and 
the combination of this method with conservative therapy can significantly improve treatment 
results, we plan to develop an algorithm that will reduce the number of perioperative costs and 
complications.

5. Conclusions
The using of endoscopic photodynamic bronchosanation in the preoperative period in pa-

tients for correcting accompanying endobronchitis in an independent form and in combination with 
traditional anti-inflammatory therapy, can significantly reduce or completely stop the clinical man-
ifestations of concomitant endobronchitis in the shortest time and leads to a significant decrease in 
the number of endobronchial complications in surgical and combined treatment of lung’s cancer, 
compared to the comparison group.
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Abstract
The clinical confirmation of the relationship between uterine leiomyoma and female infertility is of interest to scholars. 
The aim of our research was to study obstetric history and the level of sex hormones in women of reproductive age with 

leiomyoma. 
Materials and methods. The main group consisted of 90 women of reproductive age with uterine leiomyoma, the control  

group – 45 healthy women. Gynaecological and obstetric history, hormone content in peripheral blood and pelvic vessels (estradiol, 
progesterone) were analysed. Statistical processing of clinical material was performed using Microsoft Excel, Statistica 7.0, and Statisti- 
ca 8.0 for Windows. 
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