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Abstract: Objective — The objective of this research was to identify correlations between the paravasal components connective tissue of 
the blood vessels of lungs and their morpho-functional parameters. 
Material and Methods — In order to determine the structure of the paravasal connective tissue, the histotopographic and histological 
examination of lung preparations of 20 men corpses of the first mature age period was held, to determine the capacity and capacitive 
characteristics of the vascular bed, the determination of the Kernogan index (IK) and the veno-arterial index (VAI) were carried out. 
Results — It was ascertained that in the structure of the paravasal connective tissue two layers could be conditionally distinguished – the 
"central" and "peripheral", differing in the architectonics of the fibrous component, the nature of interaction with nearby anatomical 
structures. It was also revealed that infrared venous vessels IK was expressed in a greater degree in comparison with arterial. When 
determining VAI vascular, the channel revealed that the area of venous vessels prevailed over the arterial area. Besides, the clear 
correlation relationships of the structural elements of the paravasal connective tissues were investigated with arterial and venous vessel 
capacity values and their capacitive characteristics. 
Conclusion — The presence of correlation relationships confirmed a clear interaction between structural organization of the paravasal 
connective tissue and the functional activity of the blood vessels, providing optimal hemodynamic conditions in the organ.  
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Introduction  

The lungs are the organs that maintain adaptive homeostasis 
through direct interaction with the external environment. The high 
rate of gas exchange is facilitated by the architectonics of the 
intraorgan blood vessels of the lungs, which ensures an even 
distribution of blood within the small circle of blood circulation. 
The pulmonary vessels are capable of active tonic activity, despite 
the fact that the resistance to the blood flow in them is an order of 
magnitude lower than in the large circle [1, 2]. 

About 10% of the blood circulating in the human body falls on 
the small circle vessels, which ensure a high compliance of the 
pulmonary circulation [3]. 

According to a number of authors, the components of the 
hematocirculatory bed are formed in ontogenesis in direct 
proportion to the load received by the organ and the influence of 
factors of external regulation of the blood flow – intravascular 
pressure and extravascular influences [4, 5]. 

The specificity of hemodynamics in the vessels of the 
pulmonary circulation creates the prerequisites for the 
morphological features of the blood vessels. Such features are 
achieved, first of all, due to the structural organization of the 
connective tissue framework of the vascular wall itself and the 

surrounding paravasal connective tissue, as well as the features of 
the morpho-functional parameters of the pulmonary vessels [6, 7]. 

The throughput of blood vessels and the capacitive 
characteristic of the bloodstream are indicators that reflect the 
qualitative characteristics of the morphological parameters of the 
circulatory system. If we take into account that their structure 
includes connective tissue, then the reliability of these indicators is 
obvious when studying the paravasal connective tissue at different 
age periods [8]. At the same time, the determination of the 
correlation relationship makes it possible to assess the degree of 
influence of the paravasal connective tissue on the functional 
capabilities of the organ during the period of biological stability. 

In connection with everything stated above, the aim of this 
study is to identify correlations between the structural elements of 
the paravasal connective tissue of the intraorganic blood vessels of 
the pulmonary circulation and their morpho-functional parameters 
of men aged 21-35 years [9]. 

 

Material and Methods 

Organ harvesting and morphological studies 

For the research purpose, lung preparations were taken from 20 
corpses of men of the first mature age period (21-35 years old in 

mailto:vica-nic@mail.ru
mailto:vica-nic@mail.ru


 

ISSN 2304-3415, Russian Open Medical Journal 2 of 4 

2021. Volume 10. Issue 3 (September). Article CID e0303 
DOI: 10.15275/rusomj.2021.0303 Macro- and Micromorphology 

 

[ 

© 2021, LLC Science and Innovations, Saratov, Russia www.romj.org 
 

accordance with the classification of age periodization proposed by 
the Institute of Age Physiology of the USSR Academy of Pedagogical 
Sciences, adopted at the VII All-Union Congress of Anatomists, 
Histologists and Embryologists in 1965), who died from violent and 
non-violent death with a fast rate of dying, with the obligatory 
condition - death is not associated with diseases of the respiratory 
system. The organ removal was proceeded not later than 24 hours 
after the fact of death was confirmed in the course of a standard 
forensic medical examination on the basis of the corpse examination 
department of the Krasnoyarsk Regional Bureau of Forensic Medical 
Examination. In order to determine the staged orientation of the 
age-related variability of the paravasal connective tissue of the 
intraorgan blood vessels, histotopograms and histological sections 
were made with staining according to the standard histological 
methods: hematoxylin - eosin (an overview method of staining), 
resorcinol - fuchsin (according to Weigert - to identify elastic fibers), 
according to Mallory (clear staining of collagen and reticular fibers). 

 

Determination of morpho-functional indicators 

The Kernogan index (IK), which reflects the throughput 
capacity of arteries and veins, was determined by the ratio of the 
thickness of the middle layer of the vascular wall (tunica media) to 
the width of the vessel lumen, multiplied by 100. The veno-arterial 
index (VAI), which reflects the capacity of the vessels, was 
determined by the ratio of the area of the venous and arterial 
blood vessels of internal organs. To determine the area of arterial 
and venous vessels, we used two formulas, depending on the 
shape of the vessel section. To determine the area of a 
transversely crossed vessel, the following formula was used: 

S = πm(D–m), 

where m is the thickness of the media; D is the diameter of the 
vessel. 

In the case of an ellipsoidal section of the vessel, the formula 
was used: 

S1=π/4×(ab–a1b1), 

where a and b are the long and short diameters of the outer 
contour of the vessel cut; a1 and b1 are the diameters of the vessel 
lumen. 

To study the morphology of histological sections, a light 
microscope was used at a standard magnification of x175 on a 
hexagonal grating with 25 points. 

 

Statistical analysis 

All obtained data were processed on a personal computer 
using the MS Office Excel 2007 software package, as well as the 
Statistica 6.0 and 10.0 for Windows software. Statistical analysis 
included descriptive statistics methods. Taking into consideration 
the small sample size (n=20 and n=30), nonparametric methods of 
descriptive statistics were used to determine the median, lower 
and upper quartiles – Me (LQ, UQ). The Mann-Whitney U-test was 
used to compare the performance of two study groups. 
Differences were considered statistically significant at p<0.05. In 
order to study the intensity (weak, medium, strong) of the 
interdependence between the quantitative parameters of the 
paravasal connective tissue and the data of the morphofunctional 
study (IK, VAI), correlation analysis was used. The degree of 
contingency (intensity) of the features was determined by the 
pairwise correlation method with the calculation of the coefficient 
r. For the variables Y and X, the correlation was considered weak 

at the modular value r<0.3, at r=0.3–0.69 the intensity of the 
connection was considered average, and at r>0.7 it was regarded 
as strong [14]. 

 

Results 

As a result of the study, it was found that the structure of the 
paravasal connective tissue of the lungs includes connective tissue 
located directly around the adventitia of the blood vessel and 
closely interacting with it, it can be conditionally called the 
"central" layer, the width of this zone in the first period of 
adulthood is 74.59 (65.25, 85.20) μm and paravasal tissue located 
at a distance, conventionally called the "peripheral" layer, which 
provides interaction with nearby anatomical structures, its width 
in the desired age group is 61.60 (57.36, 64.35) μm. 

In the first mature age period, fibrous elements predominate 
in the structural organization of the paravasal connective tissue 
located around the blood vessel, with the corresponding content 
of the basic substance in the extracellular matrix (Table 1). 

The fibers are located loosely, have a mostly annular or 
arcuate orientation with respect to the lumen of the vessel, in 
contrast to the outer shell of the vascular wall, which is 
characterized by concentric and longitudinal orientation of fibrous 
elements. 

The basis of this layer of paravasal connective tissue in this age 
period are collagen fibers with a thickness of 7.00 μm (6.00, 8.00) 
(Table 1). They do not have crimp, which is characteristic of the 
fibrous structures of the outer shell of the vascular wall. 

The number of elastic and reticular fibers in the first mature 
age period in the structure of the "central" layer of the paravasal 
connective tissue of the lungs is practically the same (Table 1). 

The elastic fibers of the paravasal connective tissue are 
concentrated in the areas peripheral to the vascular wall, they are 
usually short and, in comparison with collagen and reticular fibers, 
have crimp. Thin reticular fibers perform a fastening role, 
interacting widely with the adjacent structures of the adventitia 
membrane of the vascular wall, being lost in its fibrous stroma. 

 
Table 1. Quantitative characteristics of the paravasal connective tissue of 
intraorgan vessels of the pulmonary circulation (n=20) 

Parameter 
Zone 

"Central" layer "Peripheral" layer 

Layer width, μm 
74.59 (65.25, 85.20) 61.60 (57.36, 64.35) 

р<0.001 

Basic substance, % 
38.04 (36.36, 39.05) 30.11 (29.35, 30.52) 

р<0.001 

Total fibers, % 
61.97 (60.95, 63.64) 69.89 (69.48, 70.65) 

р<0.001 

Collagen fibers, % 
55.82 (54.37, 58.82) 63.77 (63.41, 64.43) 

р<0.001 

Collagen fibers, μm 
7.00 (6.00, 8.00) 13.5 (11.50, 15.00) 

р<0.001 

Elastic fibers, % 
21.96 (21.17, 22.78) 23.87 (23.37, 24.21) 

р<0.001 

Elastic fibers, μm 
3.00 (2.00, 4.00) 2.50 (2.50, 2.80) 

- 

Reticular fibers, % 
22.42 (21.22, 22.99) 12.34 (11.87, 12.53) 

р<0.001 

Reticular fibers, μm 
1.00 (1.00, 2.00) 1.80 (1.50, 2.30) 

- 

Distance between fibers, μm 
4.00 (4.00, 5.50) 9.00 (8.00, 9.50) 

р<0,001 
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Table 2. Coefficients of correlation between the parameters of the 
paravasal connective tissue and morphofunctional parameters of the 
lung vessels (n=20) 
Connective tissue parameters IR arteries IR veins VAI 

"Central" layer 

Fibers,% -0.350 -0.249 -0.338 
Basic substance,% 0.350 0.249 0.338 
Collagen fibers,% -0.071 0.478 0.287 
Elastic fibers,% 0.215 -0.577 -0.344 
Reticular fibers,% -0.086 -0.227 -0.139 
Collagen fibers, μm 0.155 -0.032 -0.285 
Elastic fibers, μm -0.053 0.145 -0.385 
Reticular fibers, μm -0.429 0.073 0.191 
Distance between fibers, μm 0.217 0.197 0.190 
Layer width, μm 0.186 -0.017 0.236 

"Peripheral" 
layer 
 

Fibers,% -0.061 0.394 0.206 
Basic substance,% 0.061 -0.394 -0.206 
Collagen fibers,% -0.196 0.342 0.328 
Elastic fibers,% 0.242 -0.237 -0.454 
Reticular fibers,% 0.031 -0.241 -0.003 
Collagen fibers, μm -0.179 -0.398 0.051 
Elastic fibers, μm -0.338 -0.264 -0.170 
Reticular fibers, μm 0.052 0.094 -0.205 
Distance between fibers, μm 0.087 0.021 0.005 
Layer width, μm -0.497 -0.191 -0.086 

 

The nature of the relationship between the fibers changes with 
distance from the vascular wall due to an increase in the distance 
between them, on average, the distance between the fibers in the 
structure of the paravasal connective tissue is 4.00 (4.00, 5.50) μm. 

In the structure of the paravasal connective tissue of the lungs, 
located at a distance from the blood vessel, in the first mature age 
period, the fibrous component also prevails, the basis of which, in 
turn, is made up of collagen fibers in the form of densely 
completed bundles. 

The number of fibrous elements of the extracellular matrix in 
the paravasal connective tissue located at a distance from the 
blood vessel increases in comparison with the previous layer to 
69.89 (69.48, 70.65)% (U=92.0, p=0.019), the content of the basic 
substance, respectively, decreases to 30.11 (29.35, 30.52)% 
(U=101.0, p=0.020). 

In the structure of the extracellular matrix of the "peripheral" 
layer of the paravasal connective tissue, the number of collagen 
fibers increases (Table 1), they look like rough, compactly located 
bundles with a thickness of 13.5 (11.5, 15.0) μm and are 
characterized by multiple inter-fiber interconnections, forming a 
dense fine-mesh network. 

The thickness of the bundles of collagen fibers in the 
"peripheral" layer is almost doubled in comparison with the 
"central" layer. Along with an increase in the size of the fibers, the 
distance between them increases (Table 1). 

The content of elastic fibers in this layer is also somewhat 
higher than in the layer immediately close to the vessel wall and 
amounts to 23.87 (23.37, 24.21)% (U=227.0, p=0.328). The fibers 
are distributed fairly evenly over the entire width of the layer and 
anastomosed with each other, forming a kind of reticular 
structure. 

At the same time, the content of reticular fibers in the 
"peripheral" layer is almost halved (Table 1). Thin reticular fibers 
are evenly distributed over the entire layer of the paravasal 
connective tissue and perform a fastening role. 

The organization of the fibers in the peripheral sections of the 
paravasal connective tissue is somewhat different than in the 

sections close to the blood vessels. Some of the fibers lose their 
longitudinal orientation, characteristic of the initial sections of the 
paravasal connective tissue, forming wide interconnections with 
the underlying connective tissue structures. 

When determining the Kernogan index of intraorgan 
pulmonary vessels, it was found that the throughput of venous 
vessels is more pronounced in comparison with arteries and is 14.8 
(14.4, 15.2) and 22.5 (19.5, 22.9), respectively. 

When determining the capacitive characteristics of the 
vascular bed of the lungs, it was found that the area of the venous 
vessels prevails over the area of arterial, while the veno-arterial 
index is at the level of 1.6 (1.5, 1.7). 

To confirm the direct influence of the structural elements of 
the paravasal connective tissue on the hemodynamics in the organ 
and to assess the degree of conjugation of functional indicators 
(Kernogan index, VAI) with the quantitative content of fibers in the 
paravasal connective tissue, using correlation analysis, it was 
found that in the first mature age period, IC arterial vessels of the 
lungs is characterized by inverse correlations of medium strength 
with the size of elastic fibers (r=-0.338) and width (r=-0.479) of the 
"peripheral" layer of paravasal tissue, as well as with the total fiber 
content (r=-0.350) and the size of reticular fibers (r=-0.429) – in 
the "central" layer of the paravasal connective tissue, respectively 
(Table 2). 

IC of venous vessels correlates with the percentage of collagen 
fibers in both the "central" and "peripheral" layers (r=0.342 and 
r=0.478, respectively), in addition, an inverse relationship of this 
indicator with the thickness of collagen fibers of the "central" layer 
(r=-0.398) and with the percentage of elastic fibers in the 
"peripheral" layer (r=-0.577) (Table 2). 

For VAI, inverse correlations of average strength in the 
"central" layer with the total percentage of fibers (r=-0.338), with 
the number (r=-0.344) and size (r=-0.385) of elastic fibers were 
revealed; in the "peripheral" layer, correlations were found only 
with the number of collagen (r=0.328) and elastic (r=-0.454) fibers 
(Table 2). 

 

Discussion 

Nowadays, there is no doubt that the features of 
hemodynamics in various organs are determined not only by the 
biochemical parameters, but also by the specificity of the 
biomechanical properties of the vascular wall and perivascular 
connective tissue, which is confirmed in the publications of a 
number of authors [10, 11]. 

The first mature age period (21-35 years) is defined as the 
period of biological reliability of connective tissue structures [12]. 
Having studied the structural organization of the paravasal 
connective tissue of the vessels of the pulmonary circulation, we 
found that its zones are characterized by certain qualitative and 
quantitative specific features of the structural organization 
depending on the localization, i.e. conventionally distinguished 
layers differ from each other in width, nature and compactness of 
the arrangement of fibers, their size. 

 The study showed that the “central” layer of the paravasal 
connective tissue of the lungs is in close contact with the outer 
membrane of the vascular wall, exerting a direct effect on the 
blood flow in the organ, which is consistent with the known 
literature data [13, 14]. As you move away from the blood vessel, 
the structure of the paravasal connective tissue changes, it is 
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defined in the form of rays diverging radially in mutually opposite 
directions. At the same time, a conical fibrous structure is formed, 
spreading to different lengths from blood vessels towards the 
same type of vessels or vessels of a smaller order, which to a 
certain extent agrees with the works of Wagenseil and Mecham 
(2012) [15]. 

Paravasal connective tissue creates specific conditions for 
hemodynamics in the organ, therefore, one of the most important 
features is the different width of the "central" and "peripheral" 
layers, it was found that intraorgan blood vessels of the lungs are 
characterized by a significantly more developed "central" zone 
compared to the "peripheral" (p<0.001). 

In addition to this, as a result of the study, we have established 
clear correlations of moderate and strong degrees between almost 
all parameters of the structural elements of the paravasal 
connective tissue, with the exception of the sizes of elastic and 
reticular fibers, with the values of the throughput of arterial and 
venous vessels of the pulmonary circulation and their capacitive 
characteristics in the first mature age period. 

 

Conclusion 

The data obtained indicate the presence of correlations 
between the structural organization of the paravasal connective 
tissue and the functional activity of the blood vessels of the lungs, 
which provide optimal hemodynamic conditions, which confirms 
the clear interaction between the structures of the connective 
tissue framework of the organ. 

 
Study limitations 

The present study was carried out on preparations of the lungs of 
corpses of men of the first mature age period who died from violent and 
non-violent death with a short agonal period, in the absence of pathology 
of the respiratory system. At the same time, the organs were harvested no 
later than 24 hours after the death was declared. In this regard, this study 
is limited only to those conditions that were stated. In addition, the 
limitations of the study were the identification of the pathology of the 
studied internal organs during the use of histotopographic and histological 
techniques. 
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