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Vascularization of the venous wall is directly dependent on its structure. 
The deepness of the intramural vessels' penetration into the venous wal l , and 
their orientation as well, depend on the structure and degree of development 
of the smooth muscle layers (Vankov, 1968, 1974). According to pertinent 
literature data there is a powerful longitudinal muscular layer in the wall of 
v. cava inferior (VCI) making up the adventitia, and a comparatively thin 
circular muscle layer designated as the media. Some authors have noted 
the presence of muscle fibers deep into the media, within the intima (Bocha-
rov, 1968; Yarovaya, 1971). Literature data concerning the vascularization 
of the V C I wall in man are up to a great extent contrasting. According to Bely-
anskii (1956) the innermost intramural vessels are situated below the intima, 
in the circular muscle layer. Sapin (1961) points out that the intramural 
vessels reach the inner connective-tissue layer of the adventitia, located at 
the junction with the media. Bocharov (1968) states that thin capillaries 
arise from the arterioles in the media, forming a subintimal capillary ne­
twork. In compliance with personal laboratory data, the posterior vena cava 
in dog reveals quite a different vascularization pattern which is dependent 
on the structural peculiarities of its wall (Vankov and Nanov, 1965). There­
fore, it would be most expedient to carry out a parallel study on the V C I 
wall vascularization in man and on the peculiarities of the wall along the 
course of the vein, under conditions of full intramural vascular network 
demonstration. 

Material aild method 

Studies are conducted on material from cadavers belonging to 8 indivi. 
duals aged 3—18 years, and 3 adults aged 39, 55 and 88 years respectively-
The intramural vascular bed was demonstrated by means of India ink — ge, 
latin injections (according to Vankov, 1968). Material taken from 26 regions 
namely hepatal region — from 6 individuals, adrenal — from 9 and subrenal — 
from 11, was investigated after complete demonstration of the vascular 
system. The material thus obtained was used for working out cleared sections 
and histological preparations, stained with hematoxylin-eosin, orcein and ac­
cording to Van Gieson, as well as total cleared preparations. The thickness 
of the vein wall (without the connective-tissue adventitia), of the longitudinal 
muscular layer within the adventitia, of the circular muscle layer of the me­
dia and of the occasionally thickened intima as well were measured. Measu­
rements were also made of the thickness of the avascular layer, that is, of the 
distance between the innermost capillaries and the inner surface of the vein 
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wall, in 0.5 mm long segments. The arithmetical mean of the measured thick­
nesses was calculated for the individual venous segments in each indivi­
dual. 

Results 

The intramural vessels in the wall of the V G I form a vascular plexus 
and a spatial vascular network (Fig. 1). The vascular plexus is situated in the 

Fig. 1. Adrenal region of the V C I in a 3-year-old child. Cleared cross 
section with thickness 75 mem. Microphotograph: oc. 8, ob. 4. Vessels 
with different caliber are seen in the connective tissue adventitia, 
and part of the vascular network in the longitudinal muscular layer 
of the adventitia (the arrow indicates a capillary at the junction 

with the media). 

superficial connective-tissue part of the adventitia, and is made up of large-
caliber terminal vessels mainly. The spatial vascular network is located 
within the muscle layers of the wall , and apart from capillaries, it is made 
up also of large-caliber terminal vessels of varying order. These vessels 
may be situated deep in the wall , and in the internal parts of the longi­
tudinal muscular layer (Fig. 2). The vessels in the connective-tissue adven­
titia are disposed in couples (arteriole and venule), or in singles. They have 
mainly longitudinal and transverse orientation; an oblique course is rarely 
observed. In the longitudinal muscular layer of the adventitia, the vascular 
network displays a longitudinal orientation which is an indication that the 
long dimension of the capillary loops is disposed paralelly to the vein axis 
(Fig. 3). The capillaries penetrating deepest into the wall may be found at a 
varying depth in the various zones and fields along the course of the vein: 
incide the longitudinal muscular layer, within the connective-tissue layer at 
the borderlin between the latter and the circular muscle layer of the media, 
as wrell as in the media itself. This depends primarily on the muscle layers' 
development in the wal l . 

Along the length of the hepatal section, i . e. of the zone apposed to the 
liver, the mean thickness of the vein wall in children aged 3—9 years amounts 
to 253—497 mem. Apart from the strongly developed longitudinal muscular 
layer in the adventitia, in al l children of the series, a thin circular muscle 
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layer is formed in the media 'with-meafi thickness ranging from 7—78 mem, 
whereas in one child aged 3.5 years a thickened intima exhibiting mean thi­
ckness 16 mem is established. The deepest penetrating capillaries are found 
within the boundaries of .the longitudinal muscular layer of the adven­
titial, near by its inner border. The mean distance separating them from the 
inner surface of the wall in the individual cases ranges from 64 to 107 mem. 
In two adult subjects (aged 55 and 88 respectively), the average thickness of 
the vein wall is accordingly 659 and 512 mem, and along with the strongly 
developed longitudinal muscle layer, a thin circular muscle layer in the media 
with average thickness 41 and 32 mem is also observed. In the 55-year-old 

Pig. 2. Adrenal region of the V C I in a 4-year-old child. Cleared longitudinal section with 
thickness 100 mem. Microphotograph: oc. 8, ob. 4. A large caliber vessel is seen in the deep 

layers of the longitudinal muscular layer of the adventitia (arrow). 

Fig. 3. Adrenal zone of the V C I of a subject aged 39. Total cleared preparation. Micropho­
tograph: oc. 8, ob. 7. The large vessels in the connective-tissue adventitia and the capil­

lary network in the longitudinal muscular layer are visible. 

individual, the deepest penetrating capillaries lie within the confines of the 
two muscle layers—longitudinal and circular one —while their average dis­
tance from the inner surface of the wall amounts to 43 mem. I n the 88-year-old 
subject, the deepest penetrating capillaries are found in the longitudinal 
muscular layer, distant 73 mem from the inner surface of the wall . The data 
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submitted show that in the hepatal area of the V C I , the vascular network 
pierces the longitudinal muscular layer of the adventitia, and in rare instances 
reaches the junction between adventitia and media. 

Alorig the length of the adrenal zone, extending up to the draining point 
of the renal vein, the average thickness of the vein wall amounts to 218— 
506 mem among the investigated children, aged 3—9 years. The main part of 
the thickness is represented by the longitudinal muscular layer of the adven­
titia. The circular muscle layer of the media has average thickness ranging 
from 22—114 mem. An extremely thin longitudinal muscular layer is esta­
blished in the intima of an individual aged 3 (average thickness 11 mem). In 
one case the deepest penetrating capillaries reach the borderline between adven­
titia and media, whilst in the remainder — at varying depths within the me­
dia. Their mean distance from the surface of the wall in the various indivi­
duals ranges from 30—105 mem. In the 18-year-old subject, and in the three 
adults the average thickness of the vein wall is from 423 to 542 mem, with 
44—75 mem being entitled to the media; in one case longitudinal muscle cells 
are established in the slightly thickened intima (mean thickness 8 mem). 
In one case the greatest depth reached by the capillaries is within the limits 
of the longitudinal muscular layer of the adventitia, in another one they are 
found at the junction with the media, and in two cases — within the media 
proper. Their average distance from the inner surface of the wall is 51 to 
104 mem. The data presented point to the fact that in most of the individuals 
the capillaries in the adrenal zone of V C I showr a varying depth of penetration 
into the media. 

In the subrenal region, situated between the emptying level of the two 
renal arteries and the point of formation of the V C I itself, the average thick­
ness of the vein wall among the children aged 3—13 у amounts to 183—372 mem. 
Of the latter thickness 46—130 mem is entitled to the circular muscle layer 
of the media, except for an individual with 19 mem average thickness of the 
media. Longitudinal muscle cells in the intima are established only once (in 
a 3-year-old subject). As a rule, the deepest penetrating capillaries are positioned 
within the circular layer of the media. They are distant from the inner 
surface of the wall 44̂ —75 mem in the average. In the individual with weakly 
developed circular muscle layer (19 mem) already referred to, the capillaries 
fail to penetrate the media. In the 18-year-old subject and in the three adults, 
the average thickness of the vein wall is from 408—599 mem, and of the latter 
80—106 mem are represented by the circular muscle layer of the media. In one 
case muscle cells are established in a thickened intima (averaging 23 mem). 
In all the individuals mentioned above the capillaries penetrate in a varying 
depth into the media. Their average distance from the inner surface of the 
wall is 35—10 i mem. 

Discussion 

The data outlined above show that structuralwise, the V C I wall in ma1* 
displays mainly quantitative differences. Both in children and in grown uP 
individuals, the total thickness of the wall (without the connective adventi­
tia) decreases gradually from the top which is due to the fact that the longi­
tudinal muscular layer within the adventitia grows gradually thinner, since 
the thickness of the circular muscle layer of the media augments in the same 
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direction. The latter statement is in agreement with the data published by 
Ebner (1902), Langer (1921), Miyake (1929), Benninghoff (1930), Bocharov 
(1968). Longitudinal muscle fibers are comparatively rarely met with in the 
intima, and moreover, they fail ro reach a substantial development. Accor­
ding to personal experience, the longitudinal muscular layer of the adventitia 
is invariably pierced by a vascular network with predominantly longitudinal 
orientation of the vessels. The literature data on the latter issue are unani­
mous. Reference is made both to V C I in man (Belyanskii, 1956; Sapin, 1961; 
Bocharov, 1968), and to the vena cava posterior in dog (Nylander and Olerud, 
1960; Vio et al, 1964; Vankov and Nanov, 1965). Our results clarify to a con­
siderable degree the issue of disposition of the capillaries penetrating deepest 
into the wall of the lower vena cava. In the opinion of Belyanskii (1956), 
these capillaries are situated in the media, according to Sapin (1961) — in 
the connective-tissue layer between adventitia and media, and according to 
Bocharov (1968) — subintimally inwards from the circular muscle layer of 
the media. As shown by our data, the positioning of these capillaries is dif­
ferent in the various regions and fields along the length of the vein: inside the 
adventitia, at the borderline between adventitia and media, in varying deep­
ness within the media proper, and never inwards from the latter. They are po­
sitioned at a quite variable distance from the inner surface of the venous wal l . 
The mean magnitudes of the latter distance in the various regions range from 
30 to 107 mem, without being possible to establish a clearcut difference between 
the three zones investigated, nor between children and adults. The figures 
about the distance suggested by Bocharov (1968) e. g. 45—50 mem, are close 
to those found by us. Therefore, it seems that this author has determined cor­
rectly the position of the capillaries penetrating deepest into the wall , but 
made an erroneous interpretation of their positioning in its layers and mista­
kenly mapped them on the scheme enclosed. Our data show that the different 
position of the capillaries penetrating deepest and, more particularly, their 
penetration into the media is more or less dependent on the degree of deve­
lopment of this particular layer, respectively, of the circular musculature rep­
resenting it. In is evident from the data outlined that parallel to the increase 
of the mean thickness of the media in all three regions of the lower vena cava 
investigated, the rate of occurrence of a capillarized media also increases. Vascu­
larization of the media in the hepatal zone is seldom observed, whereas in the 
adrenal region it is observed in most of the cases, and in the subrenal zone it 
constitutes a regular phenomenon. 
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СТРУКТУРА И ВАСКУЛЯРИЗАЦИЯ СТЕНКИ НИЖНЕЙ 
ПОЛОЙ ВЕНЫ У ЧЕЛОВЕКА 

В. Банков, Г. Маринов, С. Бакырджиева 

Р Е З Ю М Е 4 

Исследованы структура и васкуляризация стенки нижней полой вены 
у детей и взрослых лиц. Впутристеночные сосуды оформляют сосудистое 
сплетение в поверхностной соединительнотканевой части адвентиции и про­
странственную сосудистую сеть в мышечных слоях стенки. Различное по­
ложение глубже всего проникающих капилляров и, особо, их проник­
новение в средний слой, находится в известной зависимости от степени раз­
вития этого слоя, соотв. циркулярной мускулатуры, которая его составляет. 
Поэтому в участке печени васкуляризация среднего слоя наблюдается редко, 
в надпочечном участке она наблюдается в большинстве случаев, а в участке 
ниже почек представляет собой регулярное явление. 


