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Abstract

Introduction. Left-sided pneumonectomy, a surgical intervention for treating severe lung
conditions, requires significant bodily adaptation to maintain lung function. Understanding the
adaptive processes based on morphometric studies of lung tissue can help develop new
treatment and rehabilitation strategies to improve outcomes and quality of life for patients
undergoing this surgery.

The aim. This study aims to analyze morphometric changes in lung tissue in rabbits
following left-sided pneumonectomy using standard methods, and to explore the compensatory
and adaptive processes occurring in the remaining lung tissue.

Materials and Methods. Thirty adult, mixed-breed rabbits of both sexes, weighing
between 2 to 4 kg, were divided into two experimental series. Series | involved standard left-
sided pneumonectomy on 10 rabbits, while Series II involved left-sided pneumonectomy with
pre-arteriovenous shunting of the small circulation on 15 rabbits. A control thoracotomy was
performed on 5 rabbits for comparison. Morphometric analysis of alveoli, capillaries, terminal
arterioles, and precapillaries was conducted at various time points: 1, 3, 6, 12 hours, and 1, 3,
7, 15, and 30 days post-operation.

Results. Significant morphometric changes were observed in the alveoli, capillaries,
terminal arterioles, and precapillaries of the remaining lung tissue. In the first hours after
pneumonectomy, there was a notable increase in the true size of alveoli and specific alveolar
area, indicating compensatory hyperinflation. Capillary diameter and cross-sectional area
significantly increased within the first 12 hours post-surgery, suggesting compensatory
vasodilation. Terminal arterioles exhibited increased outer radius, lumen radius, and vessel
diameter, indicating active vasodilation and improved perfusion. Precapillary changes were
most significant in the first hours and days, stabilizing by 30 days post-operation.

Conclusion. The study demonstrates that left-sided pneumonectomy in rabbits leads to
significant morphometric changes in the remaining lung tissue, driven by compensatory and
adaptive processes aimed at maintaining adequate ventilation and perfusion. These findings
contribute to a better understanding of lung tissue adaptation mechanisms and may inform the
development of new therapeutic and rehabilitative strategies for patients undergoing
pneumonectomy.

Keywords: left-sided pneumonectomy, morphometric analysis, lung tissue adaptation,
compensatory processes, rabbits, vascular remodeling

Introduction. Left-sided pneumonectomy is a significant surgical intervention used for
treating various lung diseases, including cancer, severe infection, and trauma. This type of
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surgery involves the removal of a substantial portion of lung tissue, necessitating the body's
adaptation to a new functional state. To ensure adequate gas exchange and blood supply, the
remaining lung tissue must undergo numerous morphological and functional changes
(Fehrenbach et al., 2008, Konerding et al., 2012). Studying these adaptive processes is crucial
for understanding compensation mechanisms and developing new treatment and rehabilitation
methods for patients after pneumonectomy.

After pneumonectomy, the body must compensate for the loss of lung tissue volume,
leading to hypertrophy and hyperplasia of alveoli, remodeling of capillaries and arterioles, and
improvement of microcirculation. These processes help maintain normal respiratory function
and adequate gas exchange. In particular, the increase in alveolar volume and surface area
enhances gas exchange efficiency (Mentzer S.J., 2018). These changes are accompanied by the
adaptation of the capillary network, including an increase in capillary diameter and blood flow,
which ensures improved oxygen delivery and carbon dioxide removal (Ackermann et al., 2014).

Vascular remodeling after pneumonectomy plays a key role in the adaptation of lung
tissue. The increase in the medial thickness of arterioles and precapillaries, as well as the
improvement in their reactivity to vasoactive substances, indicate significant changes in the
structure and function of vessels aimed at maintaining adequate perfusion of lung tissue
(Eldridge and Wagner, 2019; Ciurea and Gil, 1996). These changes are necessary to ensure
adequate blood supply and prevent hypoxia in the remaining lung tissue.

Numerous studies conducted on various animal models confirm the presence of
significant morphometric changes in lung tissue after pneumonectomy. For example, studies
on mice and rats have shown that after partial lung removal, compensatory hyperinflation and
restructuring of the remaining tissue occur to maintain normal respiratory function (Voswinckel
et al., 2004; Katz et al., 2019). These adaptive processes include increased alveolar volume,
improved microcirculation, and increased blood flow in the remaining lung tissue.

Moreover, studies indicate that inflammation plays an important role in adaptive
processes after pneumonectomy. An increase in the number of alveolar macrophages and the
expression of vascular growth factors, such as VEGF (vascular endothelial growth factor),
suggests the involvement of inflammatory processes in lung tissue remodeling (Takeda et al.,
1999; Matsui et al., 2015). These processes contribute to the restoration of lung tissue structure
and function, ensuring adequate ventilation and perfusion.

Despite the significant volume of research conducted on various animal models, data on
the morphometric changes of alveoli, capillaries, arterioles, and precapillaries in rabbits after
left-sided pneumonectomy remain limited. Rabbits are an important model for studying these
processes due to their lung anatomy and physiology being similar to humans. The aim of this
study is to analyze morphometric changes in lung tissue in rabbits after left-sided
pneumonectomy using standard methods, as well as to study compensatory and adaptive
processes occurring in the remaining lung.

In this study, we aim to expand the understanding of lung tissue adaptation mechanisms
after pneumonectomy, which may contribute to the development of new therapeutic approaches
to improve treatment outcomes for patients with lung diseases. Additionally, the results of our
study may be useful for developing new methods of rehabilitation and recovery of lung function
after surgery. We also hope that our data will help develop new strategies for managing
complications associated with pneumonectomy and improve patients' quality of life.

Materials and methods

Thirty adult, mixed-breed rabbits of both sexes, weighing between 2 to 4 kg, were selected
for this study. The experimental work was divided into two series, including a control
thoracotomy on 5 animals for comparison with the experimental animals. The general
characteristics of the conducted experiments are presented in Table 1.
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Table 1. Characteristics of Conducted Experiments

Experiment Type Series | Operated  Animals
(number)

Control thoracotomy - 5

Left-sided pneumonectomy using standard method I 10

Left-sided pneumonectomy with pre-arteriovenous | II 15

shunting of the small circulation

Total - 30

Anesthesia and Surgical Techniques

Standard Left-sided Pneumonectomy

In series I, standard left-sided pneumonectomy was performed on 10 rabbits. In series II,
left-sided pneumonectomy with pre-arteriovenous shunting of the small circulation was
performed on 15 rabbits. The animals were observed for 1, 3, 6, 12 hours, and 1, 3, 7, 15, and
30 days post-operation.

For the surgeries, the following methods of anesthesia and surgical techniques were used.
Premedication was administered subcutaneously with 0.1% atropine sulfate at a dose of 0.01
mg/kg and intravenously with droperidol at 1 mg/kg body weight, 15-20 minutes before the
operation. Induction anesthesia was achieved by intravenous administration of ketamine at 15
mg/kg body weight, and basic anesthesia was maintained with hexobarbital (or thiopental
sodium) intravenously at 14 mg/kg body weight. After intubation, the animals were transferred
to mechanical ventilation using a respiratory apparatus.

The standard left-sided pneumonectomy was performed through a posterolateral
approach at the 7th-8th intercostal space on the left, with an incision length of 7-8 cm. The
wound edges were separated using a Mikulicz retractor. After thoracotomy, 7-10 ml of 0.5%
novocaine solution was injected subpleurally into the lung root for blocking the perihilar nerve
plexuses. The pulmonary ligament was ligated and cut closer to the lung tissue. All lobes of the
left lung were mobilized externally.

The elements of the lung root were separated individually, starting with the ligation and
subsequent suturing of the left pulmonary artery trunk, followed by the identification of the
pulmonary veins (upper, lower, and posterior cardiac lobes). Bronchial arteries, numbering 2
to 5, were ligated at the lung root. The main bronchus trunk was sutured with 2-3 silk ligatures,
and the left lung was removed as a single specimen. After thorough hemostasis, pleurization of
the lung root stump, 1.5 million units of penicillin were introduced into the pleural cavity. The
ribs were approximated using catgut sutures through the intercostal spaces. The thoracic cavity
was sutured in layers to achieve airtight closure, and air was aspirated from the pleural cavity
using an injection needle.

Left-sided Pneumonectomy with Pre-arteriovenous Shunting

The model of the arteriovenous shunt for left-sided pneumonectomy was developed by
V.V. Morozova, A.Kh. Kainazarov, and Y.A. Almabaev in an experiment (patent No. 78 from
03.01.78). In pneumonectomy with pre-arteriovenous shunting, anesthesia and incision
procedures were similar to those used for standard left-sided pneumonectomy. However, the
subsequent course of the operation had significant differences. The previously isolated vessels
(artery and vein of the lower lobe of the left lung) were dissected from the surrounding lung
parenchyma for 4-5 cm, with ligation of the side branches of the artery and vein. The isolated
vessels closer to the lung parenchyma were clamped and cut.
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The prepared vessels were rinsed with warm saline containing an anticoagulant (heparin).
An anastomosis was then created between the proximal end of the artery and the distal end of
the vein using a vascular suturing apparatus ASC-80. After removing the vascular suturing
apparatus, the anastomosis was checked for tightness and patency, and the outer diameter of
the anastomosis was measured. With the functioning shunt, the lower lobe, constituting 27% of
the total lung parenchyma, was removed. The bronchus of the lower lobe was sutured with a
thick ligature and tied on both sides. The remaining lobes of the left lung were removed with
individual handling of the root elements of each lobe, as in standard pneumonectomy. The
thoracic cavity was sutured airtight, and air was aspirated from the pleural cavity.

Observations

During the observation period, the respiratory rate (RR) and heart rate (HR) of the animals
were determined. The animals were euthanized at the observation time points according to the
"Rules for Conducting Work with the Use of Experimental Animals," approved by the Ministry
of Health of the USSR Order No. 755 from 12.08.1977. The euthanasia of anesthetized animals
was performed by the intravenous administration of 10-15 ml of 25% potassium chloride
solution and 2% hexobarbital solution.

The object of the study was the remaining lung. After re-thoracotomy, the macroscopic
condition of the remaining lung and the entire thoracic cavity organs was examined. For
histological examination, lung parenchyma samples of 2x3 cm size were cut out. The fixation
was performed in 10% neutral formalin for 24 hours. Subsequently, the lung parenchyma
samples were dehydrated in ethanol solutions of increasing concentrations and embedded in
paraffin. Histological sections 5-7 um thick were stained using standard methods: hematoxylin-
eosin and picrofuchsin according to Van Gieson. Van Gieson staining was necessary to
distinguish smooth muscle tissue from connective tissue.

Morphometric and Stereological Methods

The study is based on morphometric methods described by several authors. Using an
ocular micrometer, morphometry was performed on arterioles, terminal bronchioles,
precapillaries, capillaries, postcapillaries, and venules. Vessels were measured on sections
taken in three mutually perpendicular planes. At magnifications of 280 and 630 times, the outer
radius of the vessels (Ro), the radius of the lumen (Rnp), the diameter of the vessels (d), the
thickness of the media (t), and the cross-sectional area of the middle vessel layer (S) were
determined. To assess the functional state of arterioles and venules, the Kerogan index, the ratio
of media thickness (t) to vessel diameter (d), was calculated, which allows differentiating
dynamic changes in vessel tone from structural remodeling.

The cross-sectional area of the media was determined using the formula:

S = 3 (ab — albl)

where:
t is a constant equal to 3.14;
a is the long diameter of the outer vessel contour;
b is the short diameter of the outer vessel contour;
al is the long diameter of the lumen axis;
bl is the short diameter of the lumen axis.
The Kerogan index was calculated using the formula:

UK = ™
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where:

t is the thickness of the muscle wall (media),
d is the vessel diameter.

When analyzing capillaries, the following parameters were considered: the number of
capillaries per 0.1 mm of the alveolar septum, the average capillary diameter (d), and the cross-
sectional area of the capillary bed per 0.1 mm of the alveolar septum. The cross-sectional area
of the capillaries was determined using the formula:

8 = —”fa = 77’

where:
m\pim is a constant equal to 3.14,
D is the vessel diameter,
r is the vessel radius.
To obtain the true average size of the alveolus in the prepared state, the following formula
was used:

True alveolar size=(A+r)x1.2
where:
A is the depth of the alveolus,
r is the radius of the alveolus,
1.2 is the shrinkage correction factor due to lung fixation.

Using stereological methods, the volume-structural relationships of various lung tissues
were studied. Particular attention was paid to studying the air content in the remaining lung
after surgery. On preparations for studying the air content in the remaining lung, a calibrated
square-grid Autandilov mesh with 100 points was used to determine the specific area of the
alveoli (S) and the width of the entrance (R) into the respiratory alveolus.

Statistical Methods

The obtained numerical data were processed using the Fisher-Student variation statistical
method, calculating the arithmetic mean (M), the mean error (t), the standard deviation (), and
the Student's t-test criterion (t). Differences were considered significant at p<0.05p <
0.05p<0.05.

Results

Morphometric Characteristics of Alveoli in Left-sided Pneumonectomy Using the
Standard Method:

During the study, the morphometric characteristics of lung alveoli in rabbits subjected to
standard left-sided pneumonectomy were analyzed. Changes in the true size of the alveolus,
specific area of the alveolus, and the width of the entrance to the respiratory alveolus depending
on the study period are presented in Table 2.

Table 2. Morphometric Characteristics of Alveoli in Left-sided Pneumonectomy Using the
Standard Method

Study True Alveolar | Specific Alveolar | Width of the Entrance to the
Period Size, mm? Area (S), pm? Respiratory Alveolus (R), mm
Control 0.057+0.004 0.40+0.01 0.013+0.001

1 hour 0.096+0.003* 0.76+0.05* 0.051+0.004*

31



ISSN 2524 - 0684

BECTHUK KASHMY Ne2 (69) — 2024

e-ISSN 2524 - 0692

3 hours 0.080+0.088* 1.28+0.02* 0.048+0.008*
6 hours 0.136+0.097* 1.54+0.05* 0.053+0.006*
12 hours | 0.118+0.065* 0.83+0.06* 0.039+0.003*
1 day 0.185+0.036* 1.90+0.04* 0.057+0.001*
3 days 0.138+0.067* 1.28+0.06* 0.054+0.005*
7 days 0.131+0.077* 1.59+0.05* 0.050+0.003*
15 days 0.119+£0.058* 0.83+0.06* 0.042+0.006*
30 days 0.125+0.035* 1.06+0.01* 0.050+0.004*

significant differences at p<0.05p < 0.05p<0.05

As seen from Table 2, animals subjected to pneumonectomy exhibit significant changes
in the morphometric characteristics of the alveoli. The most significant changes occur within
the first day after surgery, followed by stabilization of the indicators at later stages.

Morphometric Characteristics of Lung Capillaries in Left-sided Pneumonectomy
Using the Standard Method:

The changes in the morphometric characteristics of lung capillaries in rabbits after
standard left-sided pneumonectomy were studied. The results are presented in Table 3.

Table 3. Morphometric Characteristics of Lung Capillaries in Left-sided Pneumonectomy
Using the Standard Method

Study Number of Capillaries per | Average Capillary  Cross-sectional
Period 0.1 mm of the Alveolar | Capillary Area (S) per 0.1 mm of the
Septum, cap/mm Diameter (d), pm | Alveolar Septum, pm?

Control | 12.33+0.41 4.60+0.06 16.61+0.06

1 hour 11.30+0.65 4.52+0.32 16.04+0.05

3 hours | 8.50+0.36 4.62+0.75 17.31+0.07

6 hours | 9.70+0.13 6.50+0.51* 24.75+0.02*

12 hours | 13.57+0.23* 7.57+0.43* 44.98+0.05*

1 day 8.25+0.49 4.52+0.32 13.32+0.04

3 days 9.08+0.82 4.67+0.35 22.89+0.01%*

7 days 10.36+0.05 5.30+0.61 25.324+0.07*

15 days | 13.34+0.26* 5.68+0.22* 22.05+0.03*

30 days | 12.30+0.71 5.06+0.10* 20.09+0.06

significant differences at p<0.05p < 0.05p<0.05

The results of the morphometric analysis of capillaries show significant changes in the
average diameter and cross-sectional area of capillaries within the first 12 hours after surgery,
indicating the capillary network's response to surgical intervention and adaptive processes in
the lung tissue.

Morphometric  Characteristics of Terminal
Pneumonectomy Using the Standard Method:

The changes in the morphometric characteristics of terminal arterioles in rabbits after
standard left-sided pneumonectomy were studied. The results are presented in Table 4.

Arterioles in Left-sided

Table 4. Morphometric Characteristics of Terminal Arterioles in Left-sided Pneumonectomy
Using the Standard Method
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Study
Period

Outer
Radius
(RO), pm

Lumen
Radius

(Rnp), pm

Vessel
Diameter

(d), pum

Media
Thickness

(m), pm

Cross-
sectional

Area of the
Muscle Layer

(S), pm?

Keroga
n Index
(IK)

Contro
|

40.3+0.85

31.55+0.76

41.82+0.32

32.10+£0.9
7

396.50+1.25

0.056

1 hour

22.65+0.13

19.11+0.29

45.36+9.71

4.93+0.03

*

534.78+2.21%*

0.108

3 hours

29.11+0.71

25.68+0.12

*

47.85+10.1
2

5.71+0.01

*

667.10+£5.04*

0.218

6 hours

50.87+0.21

*

31.75+0.39

65.53+7.30

5.95+0.06

*

1134.68+7.15

*

0.098

12
hours

58.75+0.40

*

38.38+0.01

76.77+5.90

5.2040.07

*

888.954+3.96*

0.090

1 day

69.37+0.84

*

42.20+0.95

84.45+7.03

7.03+0.12

*

2097.93+5.25

*

0.083

3 days

64.54+0.49

*

45.63+0.55

*

99.37+3.41

6.65+0.32

*

1366.30+5.41

*

0.066

7 days

55.38+0.73

*

39.67+0.62

*

87.75+4.45

4.00+0.46

891.46+6.75*

0.045

15
days

52.75+0.76

*

35.38+0.43

*

61.55+3.22

5.03+0.39

*

909.95+8.78*

0.081

30

days

52.75+0.76

*

39.63+0.71

*

79.25+7.15

5.25+0.03

*

923.20+4.71*

0.066

significant differences at p<<0.05p < 0.05p<0.05

Morphometric changes in terminal arterioles also demonstrate significant changes within
the first day after surgery, indicating vascular remodeling and adaptation to conditions of

reduced lung tissue volume.

Morphometric Characteristics of Precapillaries in Left-sided Pneumonectomy

Using the Standard Method

The changes in the morphometric characteristics of lung precapillaries in rabbits after
standard left-sided pneumonectomy were studied. The results are presented in Table 5.

Table 5. Morphometric Characteristics of Precapillaries in Left-sided Pneumonectomy Using
the Standard Method

Study Outer Radius | Lumen Radius | Vessel Diameter | Cross-sectional
Period (RO), pm (Rnp), pm (d), pm Area (S), pm?
Control 21.31+0.61 17.48+0.42 34.96+1.02 101.71+1.07

1 hour 22.18+0.73 19.40+0.56* 38.81+£0.83* 140.38+1.21*

3 hours 22.35+0.55 20.42+0.54* 40.85+1.15* 157.72+2.10%*

6 hours 18.62+0.44 14.02+0.84 28.04+1.52 117.82+0.99

12 hours | 28.82+0.19* 24.06+0.11%* 48.15+0.97* 185.75+2.12%*

1 day 25.61+£0.46* 21.06+0.72* 42.31+1.15* 168.81+1.15*

3 days 22.30+0.67 18.27+0.71 36.53+1.74 130.48+1.25
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7 days 30.88+0.20* 25.78+0.23* 51.56+1.07* 224.65+4.41*
15 days 22.33+0.82 18.47+0.55 36.94+1.11 134.66+3.82
30 days 24.97+0.12* 21.99+0.11%* 43.98+0.19* 177.00£1.01*

significant differences at p<0.05p

Morphometric analysis of precapillaries shows that the most significant changes occur
within the first hours and days after surgery, with subsequent normalization or near-normal
values by 30 days. This also indicates adaptive processes of lung tissue to new conditions.

Discussion

Morphometric Changes in Alveoli

Our study results show that significant morphometric changes occur in the alveoli of the
remaining lung in rabbits after standard left-sided pneumonectomy. In the first hours after
surgery, there is a significant increase in the true size of the alveolus and the specific area of
the alveolus, which may indicate compensatory hyperinflation of the remaining lung tissue.
This is explained by the body's need to compensate for the loss of lung tissue volume by
increasing the volume of the remaining alveoli, leading to improved ventilation-perfusion
characteristics.

Our results are consistent with other studies showing that the removal of part of the lung
leads to compensatory hyperinflation and restructuring of the remaining tissue to maintain
normal respiratory function. For example, studies by Hsia and Johnson (2015) and Brown et
al. (2001) also demonstrated an increase in alveolar volume and improved ventilation of the
remaining lung tissue after pneumonectomy.

The study by Chamoto et al. (2012) demonstrated that after pneumonectomy in rats, there
is an increase in the number of alveolar macrophages, indicating an active role of inflammation
in the adaptive processes of lung tissue. Similar results were obtained in studies by Ysasi et al.
(2015), which showed that inflammation and remodeling of lung tissue are key mechanisms of
compensation after partial pneumonectomy.

Morphometric Changes in Capillaries

Analysis of changes in the capillary network of the lung shows that after left-sided
pneumonectomy, there is a significant increase in the average diameter of capillaries and their
cross-sectional area. This may be related to compensatory vasodilation of the capillaries in the
remaining lung to ensure adequate blood supply and gas exchange under conditions of reduced
lung tissue volume. These changes are particularly noticeable in the first 12 hours after surgery,
indicating an acute phase of adaptive reactions in the lung's vascular system.

Our study results confirm data obtained by other authors. In studies by Hsia et al. (2006)
and Tsikis et al. (2023), an increase in capillary diameter and improved blood flow in the
remaining lung tissue after partial pneumonectomy were also noted. These changes are related
to the need to maintain adequate gas exchange and adapt the vascular network to new
conditions.

Studies by Mammoto et al. (2019) and Sakurai et al. (2007) showed that increased
capillary diameter and enhanced capillary blood flow are important mechanisms of
compensation after pneumonectomy. These studies also demonstrated that adaptive changes in
the capillary network are accompanied by endothelial cell activation and increased expression
of vascular growth factors, such as VEGF (vascular endothelial growth factor).

By 30 days after surgery, the parameters of the capillary network also approximate control
values, indicating the completion of adaptive processes and stabilization of hemodynamic
conditions in the remaining lung.
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Morphometric Changes in Terminal Arterioles

Changes in the terminal arterioles of the lung also demonstrate significant adaptive
reactions. The increase in the outer radius, lumen radius, and vessel diameter in the first day
after surgery indicates an active phase of vasodilation aimed at improving perfusion of the
remaining lung tissue. These changes are accompanied by an increase in media thickness and
cross-sectional area of the muscle layer, which may be a response to increased mechanical load
on the vessels of the remaining lung.

By 30 days after surgery, the parameters of arterioles also stabilize, indicating the
completion of adaptive processes in the lung's vascular system under new conditions. Our
results correlate with studies on other animal models, where similar changes in arterioles were
observed after partial pneumonectomy.

The results of the study by Gibney et al. (2012) demonstrate that adaptive changes in
arterioles after pneumonectomy include not only structural changes but also functional
adjustments aimed at improving the response of vessels to mechanical and chemical stimuli.
This is confirmed by the increase in media thickness and improved reactivity of arterioles to
vasoactive substances.

Morphometric Changes in Precapillaries

Analysis of precapillaries shows that the most significant changes occur in the first hours
and days after surgery. The increase in the outer radius, lumen radius, and vessel diameter
indicates an active phase of adaptive processes aimed at improving microcirculation and gas
exchange in the remaining lung tissue. These changes are particularly pronounced in the first
12 hours after surgery, confirming the acute phase of adaptive reactions.

By 30 days after surgery, the parameters of precapillaries stabilize, indicating the
completion of adaptive processes and restoration of normal hemodynamic conditions in the
remaining lung.

The study by West et al. (2013) showed that precapillaries play a key role in adapting
microcirculation after pneumonectomy, ensuring adequate blood flow and gas exchange in the
remaining lung tissue. This is confirmed by the increase in the diameter and cross-sectional area
of precapillaries, which contributes to improved microcirculation.

Conclusion. The obtained results indicate significant morphometric changes in alveoli,
capillaries, terminal arterioles, and precapillaries of the remaining lung in rabbits after left-sided
pneumonectomy. These changes are related to compensatory and adaptive processes aimed at
ensuring adequate ventilation and perfusion under conditions of reduced lung tissue volume.
Stabilization of morphometric parameters by 30 days after surgery indicates the completion of
adaptive processes and the restoration of functional activity in the remaining lung.
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COJI KAKTBIK THEBMOHYKTOMUAJIAH KEATH KOSIH OKIIE
TIHIHAETT MOP®OMETPUAJIBIK O3I'EPICTEP MEH BEUIMJIEJTY
IMPOLHECTEPI

C.M. )KAPMEHOB ', T.C. )KXOPAEB 2, A.B. KY3HEIIOB *

! Kazakcran MeaumuHaibik yausepeuteti "KJCHKM"
2 Kazak-Peceit MmenummHanblk yHUBEpCUTETI
3 HoBocibip MeMIeKeTTiK MeIUIIMHANIBIK YHUBEPCUTETi

Tyiingeme

Kipicnme. Con xaKk IMMHEBMOHAKTOMHS - OKIIEHIH ayblp aypyJapblH eMeyre apHaJFaH
XUPYPTUSIIBIK apajiacy, 0J1 oKIe (pyHKIMACHIH caKTay YIIiH aF3aHbIH eAQyip OeiliMaenyin Tanamn
erezi. Okne TiHIH MOP(POMETPUSIIBIK 3€PTTEYre HETI3AeNreH OeiiMaeny polecTepiH TYCIHY,
OyJ1 oneparysiiaH ©TKeH HayKacTap/AblH HOTHXKEJIepi MEH eMip Cypy CamachlH jKaKcapTy YIIiH
KaHa eMJIey KOHE OHAJTY CTpATETHsUIaphIH 93ipiieyre KOMEeKTece .
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Maxkcarbl. CTaHIapTTBI OJICTEPAl KOJIIaHA OTBIPBIN, KPOJUKTEPIIH OKIe TiHIHJIEeT1
MOpGOMETPUSIIBIK ~ ©3TepiCTepAl Tajijay, COHJai-aKk KaifaH oKle TIHIHAE KYPETiH
KOMITCHCATOPJIBIK JKOHE OeHIMIeTy MPOIECTEPiH 3ePTTEY.

Marepuaanap Mmen aaicrep. Canmarsl 2-11eH 4 Kr-ra IeiiHT1 apanac TyYKbIMIbI 30 epecek
KPOJIMK €Ki SKCTIEPUMEHTTIK cepusra 6eminmi. [ cepusiceinaa 10 KpoMKKe CTaHAapTThI COJI JKaK
MTHEBMOHAKTOMHUS xacaisl, a Il cepusichiaaa 15 KponMKKe MIaFbIH KaHAWHATIBIM [ICHOSPIHIH
aNJbIH ajla apTEePUOBEHO3NIBIK UIYHTTAYbIMEH COJ JKaK MHEBMOHAKTOMHUS JKacallJbl.
CanpicThipy YIIIH 5 KpONUMKKE Oakbuiay TOPAKOTOMHSACHI JKacaiuabl. AJbBeoanap,
Kalnuuisipiap, TEPMUHAIIBIK apTepuosiajap MEH MNpeKanuuisipiaapra MoOp(OMETpUsIIBIK
TaJay 9pTYpJli yaKbIT HYKTeNepiHe: onepanusiat keiid 1, 3, 6, 12 carar, connai-ak 1, 3, 7,
15 xone 30 KyH ©TKEHIE )KYPri3il.

Hotu:kesiep. AnpBeonanapaa, Kamwulsapiapaa, TEPMUHAIIBIK apTepuoiajap MEH
npeKanmuIspiapaa eneyin MoppoMeTpHsUIBIK e3repicTep aHbIKTau bl [IHeBMOHAKTOMUSIAaH
KEWIHT aJFaliKpl caraTTap/a ajdbBeoJaNapAblH HAKThI OIIeMi MEH OeNTisli aabBEOJSPIILIK
aNaHbIHBIH aWTapybIKTall yIiiFatobl OaiKanapl, OyJl KOMIIEHCATOPJIBIK THIEPUHQIISIHUSIHBI
kepcereni. OnepanusgaH KeHiHT1 anFamKkel 12 carar ilmiHae KanwUisapiaapIbH IHaMeTpl MeH
KOJIJICHEH KUMAachl alTapibIKTail YIIFailbIll, KOMIIEHCATOPJBIK Ba30JUIaTallusHbI KOPCETEeIl.
TepMUHANIABIK apTepuoyiajap CHIPTKBl PAAUYCTBIH, JTIOMEH pPaJUyCHIHBIH JKOHE TaMBIP
JTUAMETPiHIH YJIFAIOBIH KepceTTi, Oy OesceHal Ba3oJMJIaTallusSHbl JKOHE TMepdy3UsHBIH
XKakcapyblH Kepceteni. [Ipexanumispiapaarsl e3repicTep alFamiKbl caraTTap MEH KYHIEp/e
€H MaHbI31bI 001161, 30-1IBI KYHTE Kapai TYpaKTaH/IbI.

KopbITBIHABL. 3epTTey KOPCETKEHICH, KPOJIUKTEPre COJ JKaK MHEBMOHIKTOMHUS OKIIE
TIHIHJET1 alTapIbIKTall MOP(POMETPHUSIIBIK ©3repicTepre oKee i, OyJI aleKBaTThl BEHTUIISAIINS
MeH nepy3HusHbl CakTay MaKCaTbIH/Aa KOMIICHCATOPJBIK >XKoHE Oeiimieny mporecTepiMeH
OaitmanpIcThl. By TYKBIpBIMIIAp OKIIE TIHIHIH OCHIMIETy MEXaHU3M/IEPIH KaKChIPAK TYCIHYTe
BIKTIQJT €TEI1 )KOHE THEBMOHAKTOMUSIIAH OTKCH HayKacTapra apHallFaH )kaHa TePaIHsUIBIK )KOHE
OHAITY CTPATETUSJIAPBIH d3ipiieyre Heri3 0o1a anajbl.

Tyidinai ce3mep: coi xaKk MTHEBMOHIKTOMUS, MOP(QOMETPHSIIBIK Tajlaay, oKIe TiHIHIH
OeifiMzenyi, KOMIEHCATOPJIBIK IPOLECTEP, KPOIUKTEDP, TAMBIPJIApAbl KaiiTa KalIbIITACTBIPY.

MOP®OMETPHYECKHUE UBMEHEHUS U AJAITAHUOHHBIE
IMPOLECCHI B JIET'OYHOU TKAHHU KPOJIMKA ITOCJIE JEBOCTOPOHHEU
IIHEBMOHDKTOMMNH

C.M. )KAPMEHOB ', T.C. )KXOPAEB 2, A.B. KY3HEIIOB *

! Kazaxcranckuii Mmemununckuii yausepcuret "BII3"
2 Kazaxcko-Poccuiickuii MEIUIMHCKIN YHUBEPCUTET
3 HoBoCcHOUpPCKHil TOCYIapCTBEHHbIH METUITMHCKHI YHUBEPCUTET

AHHOTAIHSA

BBenenue.

JIeBOCTOpOHHSISI MHEBMOHAIKTOMUSI — XHUPYPTrUYECKOE BMEIIATEIBCTBO IS JICUCHUS
TSOKETBIX 3a00JIeBaHUN JIETKHX, TpeOylolee 3HAYWTEIBbHON aJanTalui OpTraHu3Ma IS
nojjepKaHuss QyHKOuHM Jerkux. [loHMMaHWe aJanTHBHBIX IPOILIECCOB, OCHOBAHHOE Ha
MOP(POMETPUYECKOM M3YICHUH TKaHU JIETKUX, MOXKET TIOMOYb pa3padoTaTh HOBBIE CTPATETHH
JeYeHUsT W peadWIMTAlK JJIs YIYYIIEHUS Pe3yJbTaTOB M KauecTBa KU3HU MAIMEHTOB,
MIPOXO/ISIIINX YEPe3 ITY ONEPAIHIO.
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Hean. Ananmu3 MOophOMETPUUECKHX HU3MEHEHHH B TKAaHU JIETKUX Y KPOJHUKOB IIOCIIC
JIEBOCTOPOHHEN IMHEBMOHAKTOMHUHM C MCIOJIb30BAaHUEM CTaHJAPTHBIX METOJOB, a TaKXe B
WCCJIEI0BAHNM KOMIIEHCATOPHBIX U AJalTUBHBIX MPOLECCOB, MPOUCXOIAIINX B OCTABIIECHCS
TKaHU JIETKUX.

Matepuanbl U Meroabl. TpuaLaTh B3pPOCIBIX KPOJUKOB CMEUIAHHBIX MOPOJ O0OUX
MIOJIOB, BECOM OT 2 110 4 Kr, ObUIM pa3leieHbl Ha JABE dKCIIEpUMEHTANIbHBIE cepun. B cepun |
Obl1a IpOBEJIeHa CTaHAapTHAas JIE€BOCTOPOHHSS MHEBMOHAKTOMHUSI y 10 KpOJIMKOB, B TO BpeMst
kak B cepuu Il Oblia mpoBefeHa JIEBOCTOPOHHSS IMHEBMOHAIKTOMHS C TMPEABAPUTEIHHBIM
apTEPUOBEHO3HBIM IIYHTUPOBAHUEM MaJoro Kpyra KpoBooOpareHusi y 15 kpomukos. st
CpaBHEHHsI ObLIa MPOBECHA KOHTPOJIbHAS TOPAKOTOMHUSA Y 5 KpOIMKoB. MopdomeTprudeckuit
aHaJIu3 aJbBEOJ, KalWUIAPOB, TEPMUHAIBHBIX apTEpUOJI U MPEKANWLIIPOB MPOBOIUICA B
pasiinyHble BpeMeHHbIe Touku: 1, 3, 6, 12 yacos, a Takxe 1, 3, 7, 15 u 30 queit mocne onepanuu.

PesyabraThl. 3HaunTenbHble MOp(oMeTpUyYecKne U3MEHEHHUs ObUIM OOHApYy>KEHBbI B
albBeOJIaX, Kanuulsipax, TEPMUHAIBHBIX apTEpPHOIaX U MpEeKaNuUIsipax OCTaBIIEHUCS TKaHU
Jerkux. B mepBble 4Yackl Mocie MHEBMOHAKTOMHMM HaOIIO/IajJoch 3aMETHOE YBEIHUEHHUE
UCTUHHOTO pa3Mepa albBeO] U CHEIU(PUISCKON abBEOISPHON IUIOMIAIN, YTO YKAa3bIBACT HA
KOMIIEHCAaTOpHYIO0 TunepuHdsnuio. Jluamerp KanwiisipoB M HUX [ONEPEYHOE CeueHue
3HAQYMUTENIbHO YBEJIMYHMBAINCH B MepBble 12 4acoB mociie onepanuu, 4YTO CBUAETEIbCTBYET O
KOMIIEHCATOPHOM Ba3oauiaTauu. TepMUHaAIbHbIE apTEPUOIIBI JEMOHCTPUPOBAIN YBEIUUECHUE
BHEILIHETO pajnyca, paguyca MPOCBeTa U JAUAMETPa COCYJOB, YTO YKa3bIBa€T HA aKTHUBHYIO
BazOJMIaTallMI0 M ynydmieHue nepdysuu. M3meHenus B mpekanwuisipax ObLIH Haubolee
3HAYUTEIBHBIMU B TIEPBHIC YaChl U JHH, CTAOMIU3UPYACH K 30 THIO MOCIIE ONepaIiyH.

3akirouenue. lccrienoBanrne MoOKa3bIBaeT, YTO JIEBOCTOPOHHSS MHEBMOHIKTOMHUS Y
KPOJIMKOB IPUBOJIUT K 3HAYUTEILHBIM MOP()OMETPUUECKUM U3MEHEHUSM B OCTABIICHCS TKAHU
JIETKHUX, 00YCJIOBJICHHBIM KOMIIEHCATOPHBIMH M aJalITUBHBIMH MPOLIECCAMU, HapaBICHHBIMU
Ha TIOJI/IEpyKaHUE aICKBATHOM BEHTHIISAIIUU U TepPy3uH. ITH BBIBOJIBI CIIOCOOCTBYIOT Ty4IIEMY
MOHMMAaHUI0O MEXAaHU3MOB aJaNTalliy TKaHU JETKUX U MOTYT MH(OpPMHpOBaTh pa3paboOTKy
HOBBIX TEPANEBTUYCCKUX WU PEaOUIUTAIMOHHBIX CTPATErWidl ISl MAIMEHTOB, MEPEHECIINX
ITHEBMOHAKTOMMIO.

KiioueBble cJI0Ba: JIEBOCTOPOHHSS IMHEBMOHIKTOMHS, MOP(POMETPUUCCKUN aHaJH3,
ajanTanus TKaHW  JIETKUX, KOMIIEHCATOPHBIE  IPOLECCHl, KPOJIUKH, COCYIUCTOE
pEMOJIETMPOBAHHUE.
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