CHARACTERISTIC FEATURES IN THE VASCULARIZATION
OF THE WALL OF THE POPLITEAL VEIN

G. Marinov

Studies on the vascularization of the wall of the popliteal vein are quite
limited. Literature data obtained in the course of researches into the homo-
nymous artery (Hyrtl, 1882; Ostrogorskii, 1922, and Kurkowsky, 1932), deal
mainly with the preterminal part of the intramural vascular bed. As regards
its terminal part, merely indirect presumptions have been made on the
ground of reports published by Short (1940), Vankov (1964), and Belyanskii
(1965) — for the femoral vein, and Lang (1961), Belyanskii (1961) and Ma-
rinov (1967) — for the deep veins of the leg, all of which have a structure
similar to that of the popliteal vein. However, the data referred to are cha-
racterized by considerable discrepancies. With these facts in mind, and
proceeding from the circumstance that the popliteal vein becomes ever more
often the object of plastic surgery for which thorough knowledge of the
intramural vessels has an essential practical bearing, we set out to carry
out a systematic study on its vascularization.

Material and Method

The popliteal vein of 18 individuals (32 lower lintbs) aged 0—81 years
is studied. The intramural vascular bed is (emonstrated by means of inject-
ing India ink—gelatin contrast via blood routes, and investigated on
totally cleared preparations. Distribution and quantity of terminal vessels
are studied on histological sections, thick 10 microns, after staining with
hematoxylin eosin, orcein and according to Van Gieson.

Results

The intramural vascular system in the wall of the popliteal vein is repre-
sented by an adventitial vascular plexus and a spatial capillary network
within the muscle layers (Fig. 1). The vascular plexus is made up of arte-
rioles and venules of varying order, pre- and postcapillaries and single ca-
pillaries. The arterioles and venules form vascular bundles with an oblique
orientation mainly, and after uniting present rhombic figures. Along the
course of the vascular bundles direct branched type junctions are also estab-
lished between arterioles and venules, as well as dense capillary networks
with a marked venous part (Fig. 2). The adventitial plexus gives off arte-
rioles and collects venules from the capillary network of the muscular part
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of the wall. The arterioles display spiraloid coiling and consecutive branch-
ing into precapillaries and capillaries, which, in their integrity, make
up the spatial capillary network. The venules are bent in a looplike fashion
and delineate almost complete space figures-of-8 (Fig. 2).

Fig. 1. Adventitial vessels and capillary network in the wall of the
popliteal vein (19 years). Total cleared preparation. Microphoto-
graph: oc. 8, ob. I.

Vascularization of the muscle layers of the wall differs essentially from
that of the ad ventitia. The capillaries situated in these layers form a net-
work with rectangular lcops. The long axis of the loops has mainly a trans-
verse orientation relative to the longitudinal axis of the vessel, a fact con-
ditioned by the circumstance that the capillary network is positioned within
the borders of the circular muscle layer. The quantitative ratio between
capillary network and musculature it supplies blood to, ratio which deter-
mines the degree of vascularization in the vein wall, exhibits considerable
age related differences. The capillary network of newborn individuals dis-
plays a great density. In seven specimens of the popliteal vein wall from
four newborn individuals, the number inintersected capillaries per 1 mm?
cut muscle surface varies from 300 to 1150. During the growth period of the
organism, the rate of vascularization of the wall of the popliteal vein decreases
substantially, and its capillary network is appreciably rarefied. Measured
in five specimens of two adult subjects (34—35 years), the number of in-
tersected capillaries per 1 mm?2 cut muscle surface ranges from 40 to 86.
Changes in the degree of vascularization of the wall during growth are stu-
died in four individuals aged 4, 15 and 19 years. It was found that the ca-
{)illary network density is inversely dependent, although not strictly, on

he age of the individuals under study. Simultaneously with the rarefaction
of the intramural capillary network, the depth of its penetration within
the wall of the vein is also altered. In newborns the capillary network pene-
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trates into the immediate vicinity of the vessel’s lumen. The distance bet-
ween the capillaries penetrating deepest and the inner surface of the endo-
thelium, measured over fields of 250 microns each in eight objects from
five newborns, ranges from 3 to 12 microns. During the growth period of the

Fig. 2. Adventitial vessels in the wall of the popliteal vein:

AV — vascular bundle; C — perivasal capillary network; V — double bending
of a venule; A — direct arteriovenous anastomosis. Total cleared preparation
(19 years). Microphotograph: oc. 8, ob. 4.

organism, an inner avascular muscle layer is formed in the wall of the pop-
liteal vein. Measurements in 10 objects from three adult individuals (34,
35 and 59 years) show that the thickness of this layer is 64—149 microns
in the average, while in 60 per cent of fhe objects it is between 67 and 89
microns (Fig. 3). The formation of the inner avascular layer results in a
change of the corfelation between vascularized and avascular part of the
vein wall. While in newborn individuals, the thickness of the vascularized
part constitutes 77.5 per cent of the total thickness of the wall, in adults
it is only 58.7 per cent. The dynamics of formation of the inner avascular
layer is studied in four individuals, aged 4, 5 and 19 years. It is established
that the thickness of the inner avascular layer is directly dependent on the
age of the individual.

The musculature in the popliteal vein strip in contact with the homo-
nymous artery is rather often avascular. Thecapillary network of the neigh-
bouring vascularized zones displays a characteristic termination in the
avascular zones of the type described. Usually it is contiguous to the avascu-
lar zones through its venous part, or else, gives off capillary loops long 250
to 270 microns in the same direction. In the newborns these loops are absent.
They differentiate during the process of growth. In all cases under study,
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the avascular zones show much less developed musculature compared with
neighbouring vascularized zones. Usually, the thickness of the muscle layer
in the avascular zones never exceeds the average thickness of the inner
avascular layer for this particular vein, being beneath 8—6 microns in new-

Fig. 3. Longitudinal section through the wall of the popliteal vein (19 years). Staining
with metaxylin-eosin. Microphotograph: oc. 10, ob. 10.

Fig. 4. Transverse section through the wall of the popliteal artery and vein in the touch-
ing strip. Penetration of the earliest capillaries at the junction between vascularized
and avascular zone. Hematoxylin-eosin. Microphotograph: oc. 10, ob. 10.

borns, and beneath 90—70 microns in grown up individuals. It is evident
that occurrence of vessels in the muscular part of the wall depends on its
thickness. The fact that upon tracing the transition from avascular to vascu-
larized zones, the first capillaries are established in the area where the thick-
ness of the musculature reaches 6—8 microns in the newborns, and 70—90
microns in the adults, is in support of the inference reached (Fig. 4).
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Discussion

The resuits cbtained contribute to extend our knowledge of the vascula-
rization of the popliteal vein wall. They demonstrate that an adventi-
tial vascular plexus is formed in the wall of the popliteal vein, and a spa-
tial capillary network — in the muscle layers, i. e. that it is no exception
df the general vascularization pattern of the deep veins in the lower limb,
already described by Vankov (1964) for the femoral vein, and by Lang
(1961) and Marinov (1967) — for the deep veins of the leg. The adventi-
tial plexus is made by arterial and venous vessels of preterminal class,
a fact conditioned by its basic function — to supply and drain the blood
flow through the capillary network of the muscle layer. Arterial vessels
making up the adventitial plexus do not display a terminal character since
they anastomcse between each other. Similar unions are also established
among the venous vessels accompanying them. The arterial to venous
vessels’ ratio in the adventitial plexus shows a clearcut predominance in
favour of the latter (venous vessels) regardless of the subdivision —
from arterioles and venules of first class to pre- and postcapillary vessels.
The data referred to render doubtful the statement made by Louis and co-
authors (1966) to the effect that part of the arterial blood, supplying the
venous wall, returns directly into the venous lumen with ensuing predo-
mination of afferent over efferent vessels. The presence of direct arteriove-
nous anastomoses within the adventitial plexus suggests that it has a re-
gulating role also. The spiraloid course cf the arterioles piercing the mus-
culature, and the loop-like coiling of the afferent venules represent, in
all likelihood, an adaptive mechanism to displacements of tissue elements
in the conjunctive, described by Brocmann (1937), and to shifting of the
latter relative to the venous wall (Freerksen, 1938). Owing to the brady-
trophic character of the surrounding tissues, the pesculiar capillary for-
mations in the composition of the adventitial plexus may be classified
with the vascular formations, reported by Lang in 1961, related to the pro-
cesses of secretion and resorption of important mechanicalwise tissue fluids.
There are no literature data concerning the vascularization of the muscle
layers of the wall of the popliteal vein. The spatial capillary network found
in the circular muscle layer shows that the statement by Komahidze (1955)
about the perimuscular positioning of the capillary network does not hold
true for this particular vein. The age related peculiarities in the vascula-
rization of the wall of the popliteal vein are essentially similar to those
described by Vankov (1966) in the great saphenous vein. They question
the validity of the statement made by a number of authors (Komahidze,
1955; Belyanskii, 1961; Echa, 1967) to the effect that in newborns the
muscle layers of the venous wall are usually avascular.
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HEKOTOPBIE OCOBEHHOCTH BACKYJISPU3ALUHH
CTEHKH NOAKOJEHHOH BEH bl

I'. Mapunos

PE3IOME

KpoBeHocHbIe cOCyabl NMOAKOJEHHOH BeHbl HCCJeJOBaHbl MyTeM HHBEKIHH
MO TOKY KpPOBH TYlIb-XKeJaTHHA H IOCJEeLYIOLUero H3rOTOBJEHHS TOTaJbHO
NpOCBETNEHHBIX I'MCTOJOTHYECKHX NPenapaToB. Y CTAHOBJIEHO HaJHYHe aJ(BeH-
THIIHAJbHOTO COCYAHCTOrO CIJIETEHHSI M TOINEePeYHO OPHEHTHPOBAHHOH mpo-
CTPAHCTBEHHOH KanuJ/ApHOH ceTH B MbliieyHoM cjoe. C pocToM HHAMBHJIA
¢opmupyeTcs: BHYTpEeHHHH OeccoCcyAHCTHIH caoii. B TeueHue nepBbiX aBaj-
uaTH JIeT XKU3HHM OH HapacraeT ObicTpee aGCOMIOTHOH TOJMLLH MbIILEYHOTro
CJIOS1 U Y B3POCJ/IbIX HHAHBHIOB cocTaBJ/sieT B cpenHeM mMexay 70 u 100 mukpo-
HaMH JJIs1 OTAeJbHBIX noJeli. B nosoce, koropoii Bena conpukocaercsi ¢ 0HO-
MMEHHOH aprepuel, MbllIeYHBbIH CJOH 3ayacTyio JuiieH cocygoB. OueBHIHO
OH TOHbLIE€ KPHTHYECKOH B OTHOILEHHH €ro BacKyJaspu3aluuu TojuuHbel. Ka-
NMJJISIPHAS CeThb COCEHMX BAacKyJAspH30BAaHHBIX YYacTKOB OropaKHBaeT
6eccocyIMCThIE MOJIA, NPEUMY1ECTBEHHO NMOCPEACTBOM BEHO3HOM YacTH KaluJ-
JAPHBLIX TleTes1b, TMOCJeKAaNHJJIPHBIMH BeHYJaMH HJH TPOHUKAET IyTeM
neTye06pasHblX KaNW/IAsipoB. ITH OCOGEHHOCTH aHTHOAPXHTEKTOHHKH HaXo-
JATCSI BEPOSTHO B CBA3H C LUHDKYJsAUMEH TKaHEBBIX KHJIKOCTell B CTEHKE.



