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Comparative histological and electron microscopic study of arteriovenous and venous
angiodysplasias revealed specific features of their structure, presumably reflecting
differences in their morphogenesis. Specific ultrastructural characteristics of angiodys-
plasias are modified shape of endotheliocytes, impaired structure of the basal membrane,

and reduced count of pericytes.
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Angiodysplasias or vascular malformations (VM)
form a rare group of diseases resultant from disorders
of vessel formation during the embryogenesis. The
incidence of these diseases in the population varies
from 0.3 to 0.5% [6]. The pathogenesis and develop-
ment of angiodysplasias remain not quite clear and
attract much attention [1]. Study of the ultrastructure
of VM will presumably help to solve many problems,
e.g. detect the details of individual components of the
pathogenesis and disease course and evaluate the
efficiency of therapeutic interventions [2]. Unfor-
tunately, studies of this problem are scanty, and only
few studies were devoted to ultrastructural changes in
peripheral angiodysplasias.

We compared the histology and ultrastructure
of arteriovenous and venous angiodysplasias of
peripheral location.

MATERIALS AND METHODS

The operation material from 7 patients (4 women
and 3 men) aged 17-57 years with peripheral VM,
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treated at A. V. Vishnevskii Institute of Surgery in
2006-2008, is analyzed. Venous malformations were
diagnosed in 4 cases (3 women and 1 man), ar-
teriovenous malformations in 3 cases (1 woman
and 2 men).

Tissue fragments were fixed in 10% neutral
formalin. Histological studies were carried out on
paraffin sections (5 p) stained with hematoxylin
and eosin. Specimens for electron microscopy were
fixed in 2.5% glutaraldehyde and 1% osmium tetro-
xide, dehydrated in ascending alcohols, and em-
bedded in epon and araldite mixture. Ultrathin sec-
tions were examined under a Philips CM-10 elec-
tron microscope.

RESULTS

Histological studies of operation material (speci-
mens of arteriovenous angiodysplasias) showed
chaotic accumulation of arterial and venous ca-
pillaries (5-15 p in diameter). The intimal elastic
membranes of these vessels were characterized by
uneven distribution of elastic fibers with sites of
fiber destruction. There were subintimal foci of
hypertrophic smooth-muscle cells and focal sclero-
sis in the venous walls. All formations were sur-
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rounded by a zone of fibrous connective tissue
(Fig. 1, a).

Microscopic studies of venous angiodysplasias
revealed fine-walled venous caverns of different
size and shape. The walls of these caverns were of
different thickness: the number of myocytes was
reduced in thin sites and increased in thick ones
(Fig. 1, b). Areas of compact fibrous connective
tissue and foci of hemorrhages of different size
were seen around these formations.

Electron microscopy of peripheral venous mal-
formations showed that medium-sized and small
veins and caverns were lined with round functio-
nally active endotheliocytes. These cells had nuclei
of irregular shape and numerous processes of dif-
ferent length (from medium to long) (Fig. 2, a).
Large caverns were lined mainly with flat endo-
theliocytes of low functional activity, with just few
short processes and oval nuclei. Signs of functional
activity (numerous vacuoles in the cytoplasm, cyto-
plasmic membrane outgrowth, finely dispersed chro-
matin, numerous ribosomes) were more often ob-
served in endotheliocytes lining small vessels,
whose walls consisted of just one layer of endo-
thelial cells and solitary pericytes (Fig. 2, b). The
basal membrane in large caverns had gaps and lo-
cal thickenings.

Tight junctions between endotheliocytes were
solitary, their number being somewhat higher in
large caverns. In one case we detected large ca-
verns with impaired endothelial lining and erythro-
cyte extravasation (Fig. 2, ¢). The walls of these
caverns consisted of mature collagen fibers with
fibroblasts between them. Solitary pericytes were
detected in the vascular wall in all preparations.
The vascular wall was thick in large caverns mainly
because of mature collagen fibers and fibroblasts,
which were more often oval or spindle-shaped and
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rarely irregularly shaped (Fig. 2, d). Some fibro-
blasts was functionally active.

Electron microscopy of the peripheral arterio-
venous angiodysplasias showed that small arteries
and veins were lined with functionally active endo-
thelial cells with numerous medium-sized and long
processes (Fig. 3, a). The nuclei of these endo-
theliocytes were oval, with irregular nuclear mem-
branes. Large arteries and veins were lined with
mainly flat endothelial cells with low functional
activity, few short processes, and oval nuclei. The
walls of small vessels consisted of just one layer of
endotheliocytes with signs of high functional acti-
vity and solitary pericytes. The number of tight
junctions between endotheliocytes was minimum
in vessels of different diameter (Fig. 3, b). The
vascular wall was significantly thickened in large
veins and moderately thickened in medium-sized
arteries and veins mainly at the expense of mature
collagen fibers and oval and spindle-shaped fib-
roblasts. The basal membrane of large arterial walls
seemed to have gaps or looked multilamellar with
thick sites (Fig. 3, ¢). The number of pericytes was
reduced (Fig. 3, d). Foci with fiber destruction in
collagen bundles were seen in the walls of large
arteries. Some fibroblasts were functionally active.

Studies of the effects of various factors on an-
giogenesis showed that any disorders in this pro-
cess led to the development of vascular malforma-
tions, including contacts between endotheliocytes
[8]. Cell-cell contacts regulate endothelial adhesion
and processes of intracellular transport of substan-
ces. The following types of contacts between endo-
theliocytes were distinguished: intermediate, gap
junctions, and tight junctions. Reduced number of
tight junctions can attest to failure of the blood-
brain barrier associated with CNS VM and liability
of angiodysplasia relapse [7]. Reduction in the num-

Fig. 1. Histological characteristics of arteriovenous (a) and venous (b) malformations. Hematoxylin and eosin staining, x100 (a), x200 (b).
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ber of close contacts between endotheliocytes in  cases are much wider than in normal cerebral ves-
angiodysplasias is usually paralleled by an increase  sels [11]. Our analysis of arteriovenous and venous
in the number of gap junctions. Gap junctions be-  angiodysplasias revealed few tight junctions be-
tween endotheliocytes in dysplastic vessels in these  tween endotheliocytes. The number of tight junc-

Fig. 2. Ultrastructural characteristics of venous malformations. a) round endotheliocyte with numerous processes; part of processes
are directed towards the basal membrane, x6500; b) round functionally active endotheliocyte lining the wall of a small vessel, x3500; c)
fragment of a large cavern wall with impaired endothelial lining and erythrocyte extravasation, x4200; d) fragment of thick vascular wall
of a large cavern with numerous mature collagen fibers and fibroblasts, x4000.
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tions in arteriovenous angiodysplasias was some-
what lower, which presumably explains more acti-
ve growth and greater liability of these formations
to relapsing.

One more manifestation of disorders in the vas-
culogenesis and angiogenesis processes of different
nature is imbalance of the so-called accessory com-
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ponents of the vascular wall, seen from a lesser
count or complete absence of pericytes in its struc-
ture [5]. Shortage of these cells, whose function is
to stabilize the structure of the vascular wall and,
presumably, phagocytosis, is essential for the pa-
thogenesis of some angiodysplasias [9]. No peri-
cytes were detected in the walls of the cavernous

Fig. 3. Ultrastructural characteristics of arteriovenous malformations. a) round functionally active endotheliocytes, lining small arteries
and veins, x7000; b) solitary close contacts between endotheliocytes, x6000; c) thickened and multilamellar basal membrane, x3500; d)
solitary pericytes in vascular walls of small arteries and veins, x3500.
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malformations in CNS [4]. We detected solitary
pericytes in the vascular walls of arteriovenous and
venous angiodysplasias; these cells were comple-
tely absent in some vessels of arteriovenous mal-
formations.

A characteristic ultrastructural sign of the cere-
bral VM is impaired structure of the basal mem-
brane of the vascular wall [4,12], which is multi-
lamellar, of uneven thickness, with deposition of
hemosiderin granules. Partial or complete absence
of the basal membrane in the vascular walls of the
cerebral arteriovenous and cavernous VM has been
described [10,11]. Our studies of the peripheral
angiodysplasias also showed gaps and locally thi-
ckened sites of the basal membrane in large ca-
verns and arteries and virtually complete absence
of the basal membrane in some venous malfor-
mation caverns. The basal membranes of small and
medium-sized capillaries looked normal.

According to a previous study [3], cultured
endotheliocytes, isolated from cerebral cavernous
angiodysplasias, formed three populations: cells of
common shape and size, large spindle cells, and
large round cells. Solitary large round endothelio-
cytes were detected by electron microscopy of ca-
vernous malformations of the brain [12].

We found that small and medium-sized veins
and caverns in venous angiodysplasias and small
and medium-sized veins and arteries in arteriove-
nous VM were lined by round and irregularly-sha-
ped endotheliocytes with numerous cytoplasmic
processes of medium and great lengths. The majo-
rity of endotheliocytes lining small vessels and
some cells lining medium-sized vessels were func-
tionally active. The nuclei of these endotheliocytes
were oval, with irregularly shaped nuclear mem-
brane. Endothelial cells lining the caverns, large
veins and arteries had typical (flat) shape with few
short cytoplasmic processes, and were predomi-
nantly functionally inert.
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On the whole, the walls of medium-sized and
large vessels in arteriovenous and venous angio-
dysplasias consisted of mature collagen fibers with
fibroblasts between them. The walls were consider-
ably thicker in large caverns, mainly at the expense
of mature collagen fibers and fibroblasts, which
were more often oval and spindle-shaped and ra-
rely irregularly-shaped.

Hence, the detected ultrastructural features of
the peripheral angiodysplasias reflect the differ-
ences in their morphogenesis and can be used for
the differential diagnosis of VM and hemangiomas.
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