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Summary

Angioses in the equine endometrium are detectable in varying quality and quantity in nearly 80% of broodmares. Only younger maiden
mares have intact vessels, older maiden mares show a mostly mild sclerosis within the intima and the adventitia. In multiparous mares the
alterations affect all layers of the vessel walls and resemble the so called ,pregnancy sclerosis® in other species. The incidence and degree
increases with the number of foals delivered, independent of the age of the mare. At least two factors, age and parity, have to be considered
as possible causes for degenerative angiopathies. There seems to be no obviously direct but an indirect negative effect on fertility of the
mare, because angioses result in a reduced endometrial perfusion and drainage and the alterations are intimately related to endometrosis.
Angioses should be taken into consideration when classifying endometria with a view to prognosis. A relationship between endometrial an-
gioses and extrauterine vascular lesions, possibly leading to fatal hemorrhages during late pregnancy or at foaling and occurring mainly in

older mares, is supposed.
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Angiosen im Endometrium der Stute - Pathogenese und klinische Korrelationen

Angiosen kommen im Endometrium der Zuchtstute, qualitativ und quantitativ variabel, mit einer Inzidenz von 80% vor. AusschlieBlich junge
Maidenstuten weisen intakte GeféBe auf, Intima- und Perisklerosen dominieren das Bild bei dlteren Maidenstuten. Die GefaBalterationen mul-
tiparer Stuten betreffen alle Schichten der Wand und ahneln der bei anderen Tierarten beschriebenen Graviditétssklerose. Die Haufigkeit und
der Schweregrad der Angiosen nimmt mit der Anzahl der Abfohlungen zu, unabhéngig vom Alter der Stute. Es handelt sich &tiopathogene-
tisch gesehen um alters-, vor allem jedoch um tréchtigkeitsassoziierte Veranderungen. Angiosen sind in mehrfacher Hinsicht von prognosti-
scher Bedeutung: sie scheinen, besonders in einem vorgeschadigten Endometrium, einen additiv negativen Effekt auf die Fertilitat der Stute
zu haben, flhren zu Lymphdrainage- und Perfusionsstdrungen und sind eng assoziiert mit dem Vorkommen einer Endometrose. Daher soll-
ten sie bei der prognostischen Bewertung von Endometriumbiopsien Beriicksichtigung finden. Eine Beziehung zwischen endometrialen An-
giosen und gleichartigen Verdnderungen der groBen extrauterinen GefaBe, und damit eine Disposition fur fatale GefaBrupturen, die bei alte-
ren Stuten im Verlaufe der fortgeschrittenen Trachtigkeit oder wahrend der Geburt vorkommen, wird vermutet.

Schllisselworter:

Introduction

The endometrium is composed of epithelial (luminal epitheli-
um and uterine glands), stromal and vascular elements.
There are numerous reports dealing with inflammatory and
degenerative processes of the epithelial and stromal com-
partments and their significance to fertility in the mare. By
contrast only very little information is available about equine
endometrial vascular alterations first described by Constan-
tinescou (1921). In human beings, cattle, pigs and rodents
the negative effects of vascular lesions on fertility are clearly
documented (Rahima and Soderwall, 1977; Hard and An-
derson, 1982, Roperto and Galati, 1983; Goswamy et al.,
1988).

Incidence
In routine investigations of endometrial biopsies degenerati-
ve angiopathies varying in quality and quantity are present

in more than 80% (Schoon et al., 1997). They mainly occur
as a mild to moderate increase of collagen and elastic fib-
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res within the arterial or venous walls, severe and destruc-
tive lesions are observed more seldom. Moderate to severe
lesions are obvious in veins (24.68% to 51.3%), in arterioles
(43% t0 59.9%) and in arteries (61.8% to 69.4%) of the ca-
ses investigated (Kriesten, 1995, Grdninger, 1996). Angio-
ses are found uniformly distributed within the whole endo-
metrium (Runge, 1995).

Absolutely intact vessels occur in younger maiden mares
only. In older maiden mares mild periscleroses may be
present. Vessel lesions of multipara are characterised by
a fibroelastosis of the intima, the media and the adven-
titia. The incidence and degree increase with the number
of previous foalings. Additionally there is an obvious rela-
tionship between angioses, age and barrenness
(Schoon et al., 1997). The incidence of severe angioses
decreases with the time interval to the last foaling. This
phenomen however, is obvious only in mares younger
than 17 years. This is interpreted as indicative for a rege-
neration capacity of the vessels, which is reduced in
aged mares.
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Morphology

The vascular lesions are visible by lightmicroscopy: mode-
rate and severe angioses, even with HE staining only
(Schoon et al., 1994); discrete ones become obvious in
special stainings (i.e. van Gieson-elastica and Picro-Sirius
Red stain) and TEM respectively (Grininger, 1996).

Degenerative changes in arterial and venous vessels in-
clude elastosis, fibrosis and fibroelastosis of the vessel wall
as well as perivascular fibrosis and calcification processes.
In arteries and arterioles an elastosis of the internal elastic
membrane, a fibroelastosis of the tunica media and an
atrophy of myocytes are the main findings (Fig. 1). In veins
a fibroelastosis of the tunica media dominates. In arterial as
well as venous vessels these mural lesions are commonly
associated with perifibrotic and perifibroelastotic  alte-
rations. Mineralisation processes are restricted to arterial
vessels and occur nearly exclusively in the course of mode-

Fig. 1: Arterioles showing a severe destructive panelastosis.
Numerous elastic fibres are visible within all layers of the
vessel wall. Myocytes are atrophic. The lumina are nearly
completely obstructed. Endometrial biopsy from a 19
year-old mare, 11 foalings. Picro-Sirius Red stain, x 300

s e

Arteriole mit einer hochgradigen Panelastose. Massen-
haft elastische Fasern befinden sich in allen GefaBwand-
schichten. Die Myozyten sind atrophisch, die Lumina
fast vollstandig verlegt. Endometriumbiopsie einer 19
Jahre alten Stute, 11 Abfohlungen. Pikro-Sirius Rot-Far-
bung, GeréatevergréBerung 300x

Pathogenesis

The pathogenesis of endometrial angioses in the mare is dis-
cussed controversially. Oikawa et al. (1993) postulate that
degenerative processes occur as a reinforcement of the
vessel wall to compensate for its decreased vascular resi-
stance to mechanical stress. Further studies hypothesise
that decreased vascular resistance is due to an age related
development of medial atrophy (Nambo et al., 1994, 1995).
These investigations are based only on very few old mares
and no consideration is given to the number of previous
foalings. However, other authors clearly demonstrate that
the frequency of moderate to severe degenerative angiopa-
thies increases with the number of foals delivered (Kriesten
et al., 1996; Schoon et al., 1997, Griininger et al., 1998).

542

Age-related vascular lesions are reported as a fibrosis and
elastosis mainly occurring in the intima and adventitia of
vessels in pigs, hamsters and mares (Bal and Getty, 1973,
Rahima and Soderwall, 1977, Kriesten et al., 1996; Grinin-
ger et al., 1998). Pregnancy sclerosis, however, is a condi-
tion affecting all layers of the vessels as described in innu-
merable studies and in various species. It is likely that at
least the two factors, age and parity, have to be considered
with a view to pathogenesis of endometrial vascular dege-
neration, because naturally the number of foalings is related
to age.

Comparing mares of similar age but differing in the num-
bers of previous foalings the relation between angiosis and
parity is obvious (Kriesten, 1995; Wrede, 1999). For exam-
ple in a group of thirteen to seventeen year-old mares inve-
stigated (Fig. 2) mild angiopathies occur only in uniparous
animals and the frequency of moderate to severe changes
increases with the number of foalings.

mares
100% -
80% -
degree of angiosis
60% 4—i W+t
B++
40% +— |+
-
20% +—
0%
0 1 23 4-6 >6
previous foalings
Fig. 2: Relative incidence and degree of angioses in relation to

the number of previous foalings in 13 to 17 year-old ma-
res (n = 93).

- = negative; + = mild; ++ = moderate; +++ = severe
Vorkommen und Grad von Angiosen in Abhangigkeit von
der Anzahl bisheriger Abfohlungen bei Stuten im Alter
von 13 bis 17 Jahren (n = 93).

- = keine Angiose; + = geringgradig, ++ = mittelgradig,
+++ = hochgradig

Besides quantity, the quality of the alterations is influenced
by the number of foalings as well (Fig. 3). After the first par-
tus (Fig. 3-A) a mild fibroelastosis is obvious. The membra-
na elastica interna is enlarged. The peripheral media is
thickened by deposition of collagen fibres arranged in
bundles and several elastic fibres occur.

After the third partus (Fig. 3-B) the membrana elastica in-
terna is irregularly arranged and rich in mature elastic
fibres. The media still appears concentric but the myo-
cytes have irregular contours and are intermingled with
elastic fibres.

After fifteen foalings (Fig. 3-C) the whole vessel wall is enlar-
ged by an accumulation of irregularly arranged, partially de-
generated and mineralised fibres. The remaining myocytes
are often degenerated, atrophic or crippled with numerous
intracytoplasmatic matrix vesicles. Mucopolysaccharides
are stored beneath the endothelium. In those multiparous
mares a severe destructive fibroelastosis has developed af-
fecting arterial and venous vessels.
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Fig. 3:

Schematic drawing of arteriolar changes in relation to
the number of foals delivered.

After the first partus. The membrana elastica interna is
enlarged and the peripheral media and the adventitia are
thickened by deposition of collagen fibres arranged in
bundles and a few elastic fibres occur.

After the third partus. The membrana elastica interna is
irregularly arranged and rich in mature elastic fiores. The
media appears concentric but the myocytes have irregu-
lar contours and are intermingled with elastic fibres.

After fifteen foalings. Within the whole vesse! wall an ac-
cumulation of irregularly arranged, partially degenerated
and mineralised fibres are visible. The myocytes are de-
generated, atrophic or crippled with numerous intracyto-
plasmatic matrix vesicles.

red: myocytes; yellow-orange: endothelia, collagen fib-
res; green: membrana elastica interna, elastic fibres; light
blue: mucopolysaccharides; pink: mineralisation

Schematische Darstellung von Verdnderungen an Arte-
riclen in Abhéngigkeit von der Anzahl der Abfohlungen.
Nach der ersten Abfohlung. Elastische Fasern sind in der
Membrana elastica interna zugebildet. Einzelne elasti-
sche und kollagene Fasern sind innerhalb der peripheren
Media und Adventitia zu sehen.

Nach der dritten Abfohlung. Die Membrana elastica in-
terna ist durch Zubildung elastischer Fasern unregel-
maBig verbreitert. Zwischen den konzentrisch angeord-
neten, jedoch teils degenerierten Myozyten sind elasti-
sche und kollagene Fasern eingelagert.

Nach der flinfzehnten Abfohlung. Durch hochgradige Fa-
serzubildung ist die gesamte Wand verbreitert, degene-
rierte und verkalkte Fasern kommen vor. Die Myozyten
sind degeneriert oder atrophisch mit zahireichen intrazy-
toplasmatischen Matrixvesikeln.

rot: Myozyten; gelb-orange: Endothelzellen, Kollagenfa-
sern; grin: Membrana elastica interna, elastische Fa-
sern; hellblau: Mukopolysaccharide; rosa: Verkalkungen.
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Fig. 4:

Schematic drawing of the findings in an arteriole of a
young mare before breeding and after her first foaling.
Before the first breeding. The vessel wall shows a regu-
lar concentric composition of all histological structures: a
uniform internal elastic membrane and only a few elastic
fibres within the adventitia.

Three days after the first partus. The media and intima
are thickened, due to hyperplastic and sometimes dege-
nerated myocytes and endothelia. The subendothelial
clefts are widened and show deposits of mucopolysac-
charides. The membrana elastica interna is spread with
fine flakes of elastic fibres.

Four weeks after the first partus. The findings in the inti-
ma and media have receded, but newly-constructed ela-
stic fibres are obvious in the periphery of the media and
adventitia.

red: myocytes; yellow-orange: endothelia, collagen fib-
res; green: membrana elastica interna, elastic fibres; light
blue: mucopolysaccharides

Schematische Darstellung der Befunde in einer Arteriole
bei einer jungen Stute vor und nach ihrer ersten Abfoh-
lung.

Vor der ersten Bedeckung. Das GefaB zeigt einen regel-
maBigen Wandaufbau mit einer fein gewellten Membrana
elastica interna. Einzelne elastische Fasern kommen in
der Adventitia vor.

Drei Tage nach der ersten Abfohlung. Media und Intima
sind verdickt durch hyperplastische und teilweise dege-
nerierte Myozyten und Endothelien. Subendothelial sind
Mukopolysaccharide abgelagert. Die Membrana elastica
interna ist fragmentiert.

Vier Wochen nach der ersten Abfohlung. Endothelzellen
und Myozyten sind gréBtenteils regeneriert, in der peri-
pheren Media und der Adventitia liegen neugebildete
elastische Fasern vor.

rot: Myozyten; gelb-orange: Endothelzellen, Kollagenfa-
sern; grin: Membrana elastica interna, elastische Fa-
sern; hellblau: Mukopolysaccharide.
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To throw light on the pathogenesis of this condition Wrede
(1999) obtained biopsies from maiden mares, uniparous
and multiparous patients with several up to fifteen foalings.
The first sample was taken before breeding, the second
and third ones in the following year, three days and four
weeks post partum.

in younger maiden mares the vessels show a regular con-
centric composition of all histological structures (Fig. 4-A):
the basement membrane appears uniform, only a few colla-
gen fibres are localised in the adventitia. Three days after
the first partus (Fig. 4-B) the media and intima appear
thickened, due to hyperplastic and sometimes degenerated
myocytes and endothelia. The subendothelial clefts are wi-
dened and show deposits of mucopolysaccharides. The
membrana elastica interna is spread with fine flakes of ela-
stic fibres. During the following four weeks the involution of
the endometrial vessels progresses (Fig. 4-C). The findings
in the intima and media have receded. But already at this
time, after the first foaling, newly-constructed collagen and
elastic fibres are obvious in the periphery of the media, a
perifibroelastosis has developed.

In comparison remodelling processes in a mare before and
after the birth of her sixth foal are demonstrated in figure 5.
Before breeding (Fig. 5-A) the findings within the endometri-
al vessels can be characterised as a moderate to severe
panelastosis. Three days post partum (Fig. 5-B) surprisingly
the elastic fibres of the media have disappeared complete-
ly, except for very few between the media and adventitia.
Four weeks later however (Fig. 5-C), a partially destructive
panelastosis reappears, obviously more intense compared
with the initial conditions.

Clinical significance of angiopathies in relation to fertility

With a view to pathogenesis, there are mainly three pos-

sible pathways leading from angiopathies to a reduced fer-

tility:

— endometrial malperfusion in the course of insufficient ar-
terial blood supply

— drainage disturbances caused by a reduced function of
veins and lymphatic vessels

- complex functional impairment involving all types of ves-
sels

Insufficient arterial blood supply

Insufficient arterial blood supply may be the reason for a re-
duced fertility in those mares showing an intact endometri-
um (category-l) but a severe angiosis, affecting the arterial
system. Such patients have a lower foaling rate compared
with other mares of category | exhibiting no or only slight
angiopathies.

Drainage disturbances
Drainage disturbances are interpreted as the sequela of an
impaired venous circulation. This results in secondary func-
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Fig. 5: Schematic drawing of the findings in an arteriole of a
mare before and after her sixth foaling.

A Before breeding (after 5 previous foalings). A moderate
panfibroelastosis is obvious.

B Three days after the sixth foaling. Degeneration proces-

ses within the intima and media and depositions of mu-
copolysaccharides are visible. The elastic fibres of the
media have disappeared completely, except for very few
ones between the media and adventitia.

C Four weeks after the sixth foaling. A partially destructive
panfibroelastosis has reappeared, obviously more in-
tense compared with the initial conditions.
red: myocytes; yellow-orange: endothelia, collagen fib-
res; green: membrana elastica interna, elastic fibres; light
blue: mucopolysaccharides; pink: mineralisation

Schematische Darstellung der Befunde in einer Arteriole
bei einer Stute vor und nach ihrer sechsten Abfohiung.

A Vor der Bedeckung (nach der finften Abfohlung). Die Ar-
teriole zeigt ein mittelgradige Panfibroelastose.
B Drei Tage nach der sechsten Abfohlung. In der Intima und

Media sind degenerative Prozesse sowie Mukopolysac-
charidablagerungen sichtbar. Elastische Fasern sind bis
auf einzelne Areale in der Adventitia nicht nachweisbar.

C Vier Wochen nach der sechsten Abfohlung. Eine partiell
destruierende Panfibroelastose hat sich wieder ent-
wickelt. Die Befunde sind offensichtlich gravierender als
vor der Geburt.
rot: Myozyten; gelb-orange: Endothelzellen, Kollagenfa-
sern; grin: Membrana elastica interna, elastische Fa-
sern; hellblau: Mukopolysaccharide; rosa: Verkalkungen.

tional alterations of the lymphatic vessels, which are not pri-
marily affected by morphological alterations within their
walls. The consequences concemn either the whole endo-
metrium or only smaller areas.

Lymphangiectasia within the endometrium develops phy-
siologically during the late pre-estrus, leading to the typical
estrous edema of the uterus wall. The edema however
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disappears rapidly after ovulation, providing the drainage-
mechanisms are functionally intact. If not, the result is a
pathological endometrial edema, morphologically charac-
terised by persistent lymphangiectasia, occurring ,,out of
phase”. In most cases those mares show severe degene-
rative and partially obliterative phleboses. The pathogene-
sis is interpreted as indicative for an impaired endometrial
drainage due to angioses. A complicating and supporting
factor may be the dislocation of the uterus in older, multi-
parous mares.

Besides this, luminal or intramural cystic cavities, obvious in
clinical examinations too, are secondary and local effects of
a reduced endometrial drainage caused by phlebosis. Cavi-
ties, filled with fluid, may originate from different endometrial
structures (Schoon et al, 1993): Smaller glandular cysts
develop in the course of endometrosis and mainly greater
ones result from local circulatory disturbances caused by
phlebosclerosis. The definitive diagnosis of their origin in a
certain case however requires histopathology.

Exceeding a certain diameter of the lymphatic-born cavities
leads to the clinical diagnosis of so called ,lymphatic lacunae“.
This term encloses two manifestations of lymphatic alterations
(Schoon et al., 1993). larger, pathological lymphangiectasia,
lined by a continuous or discontinuous endothelial layer, and
extravascular accumulations of lymph fluid, so called lymph-
cysts (Fig. 6). Both features are to be interpreted as local
sequelae of a destructive phlebosis. Especially older, multipa-
rous mares are predisposed for those local findings.

B

Fig. 6: Lymphcysts and Lymphangiectasia are associated with
a severe fibroelastosis of arteries, arterioles and veins.
Endometrial biopsy from a 13 year-old mare, 5 foalings.
van Gieson-elastica stain, x 120

Lymphzysten und Lymphangiektasien sind vergesell-
schaftet mit einer hochgradigen Fibroelastose der Arteri-
en, Arteriolen und Venen. Endometriumbiopsie einer 13
Jahre alten Stute, 5 Abfohlungen. Van Gieson-Elastica-
Farbung, GeratevergréBerung 120x

Endometrial cysts may hinder the migration of the concep-
tus in early pregnancy (Leid! et al., 1987). In affected mares
a removal by endouterine surgery improves the pregnancy
rate, though the treatment is only symptomatic (Bartmann
et al., 1997). Varices accompany the lymphatic alterations
or occur as incidental findings and are often located near
the cervix (Schoon et al,, 1993). The venous walls show
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more or less mostly severe degenerative alterations, predis-
posing these vessels for dilation.

Complex functional impairment

Possibly of the greatest functional importance are correlati-
ons between endometrosis and angioses. Based on own
investigations dealing with the pathogenesis of both altera-
tions (Schoon et al., 1997, Gruninger et al., 1998), it seems
to be possible that at least one important reason for a pro-
gressing endometrosis may be a decreased endometrial
perfusion and drainage. The correlations between incidence
and degree of endometrosis on the one hand and the de-
gree of vascular alterations on the other, are highly signifi-
cant. These findings may support the proposal of Kenney
(1992) to eliminate the term ,chronic degenerative endome-
tritis - CDE" for characterising mainly fibrosing degenerative
lesions of the equine endometrium.

Prognosis

Kriesten (1995) reports that angioses are not associated
with significantly reduced foaling rates though she cannot
exclude additional negative effects on fertility. But an indi-
rect influence has to be considered: angioses may lead to a
reduced endometrial drainage and perfusion and the mor-
phologic vascular findings are closely related to the incidence
of endometrosis. We conclude that these conditions should
be taken into consideration when classifying endometrial
biopsies with a view to prognosis.

Finally there seems to be a relationship between vascular
lesions in endometrial, myometrial and extrauterine arteries
(Schoon et al., unpublished data). In a concurrent study we
are comparing incidence, type and degree of angiopathies
detectable in biopsy samples to alterations obvious in the
myometrium as well as in the uterine and utero-ovarian ar-
teries. Fatal hemorrhages occurring during late pregnancy
or at foaling result from rupture of major vessels. Older ma-
res are especially predisposed to this condition. Histologi-
cally the lesions in ruptured vessels are described as a mar-
ked intimal fibroelastosis combined with a medial atrophy
(Rooney and Robertson, 1996).
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