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Age-Related Retinal Vasculopathy
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Summary

Second and third order retinal arterioles and venules were studied by immu-
nohistochemistry and electron microscopy in the uncomplicated ageing process and
in association with central retinal vascular occlusive disease (CRVOD). Tissue was
obtained from eight enucleated human eyes (4 control, 4 with manifestations of
CRVOD) and the investigation was directed towards abnormalities in the myocytes
and the nature of collagenous materials which are deposited during the process of
hyalinsation. In normal ageing and in two cases of CRVOD, the endothelial cell
monolayer and the underlying cells (subendothelial myocytes) were preserved in
arterioles and venules: there was no evidence of fibrin leakage. Degenerative
changes were found in the medial myocytes in control tissue from the fifth decade
and these included myocyte shrinkage, accumulation of intracytoplasmic mem-
branous structures, cytoplasmic vacuolation and fragmentation. The ‘hyalinised’
acellular vessel wall seen in CRVOD contains scattered activated fibroblast-like
myocytes and macrophages lying within a matrix of fibronectin, 65 nm collagen and
multilayered basement membrane material. Endothelial cells and cohort sub-
endothelial myocytes are involved in the formation of capillaries which bud into the
hyalinised vessel wall in CRVOD. In two cases of CRVOD there was extensive
cellular degeneration and cell debris accumulated within the degenerate stroma:
this was attributed to superadded total ischaemia. The pathogenesis of hyalinisa-
tion remains obscure but a subtle age-related dysfunction of the morphologically
intact lining endothelium could be responsible for metabolic damage to myocytes in
the media.

Secondary degenerative disease in the retinal
vasculature (due to e.g. hypertension and
central retinal vascular occlusive disease
(CRVOD)) has been studied extensively by
light microscopy,!> and to a lesser extent by
electron microscopy.® The neglect of the
simple process of age-related vasculopathy
makes it difficult to form valid assessment of
secondary disease as studied by the tech-
niques of electron microscopy and immuno-
histochemistry. Recent light microscopic
studies,*s have highlighted the importance of
vasculosclerosis (hyalinisation) in retinal neo-

vascularisation and have stressed the frequent
association of this abnormality with CRVOD.
In the course of further morphological back-
ground research into the problems of neo-
vascularisation associated with degenerative
vasculopathy, we encountered significant
changes in control tissue in addition to un-
expected findings in diseased vessels. These
abnormalities have not been reported to our
knowledge and are the subject of this
presentation.

Material and Methods

Trapezoidal blocks of tissue which included second
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Table I  Relevant pathology in enucleation specimens
Case No. AgelSex Relevant pathological findings
‘Control’
tissue
1 2% F inferior endophytic retinoblastoma superior retina not involved
2 52 M superotemporal melanoma
(15%10x10 mm)
inferior retina detached by exudate
3 60 M inferior choroidal melanoma, retina in situ above
4 67 F exenteration for carcinoma of ethmoid
Advanced vasculopathy in CRVOD and neovascular glaucoma
N 83 F intramural capillary ingrowth
6 55 F intramural ingrowth and intraretinal neovascularisation
7 85 F intraretinal nodules in blood vessels: total acellularity
8 70 F

pre-retinal neovascular nodules total acellularity in hyalinised tissue

and third order arterioles and venules, were
removed from the retina in eight surgically enucle-
ated eyes. (for details see Table I). Primary fixation
was by immersion in 2 per cent glutaraldehyde in
cacodylate buffer. The retina was examined at high
magnification with an Olympus Stereomicroscope
and photomacrography was performed where
appropriate. In control tissue, the ostensibly
normal vessels and surrounding retina were
removed at random. In the globes removed in treat-
ment of neovascular glaucoma and CRVOD,
regions in which there was detection of intramural
intraretinal or pre-retinal neovascularisation were
also studied. The blocks were taken so that the
venules and arterioles were sectioned transversely.

After routine processing for paraffin embedding,
serial sections were used for three dimensional
reconstruction, sections were also stained to
demonstrate the presence or absence of fibrin and
collagen (MSB and trichromes), reticulin (Gordon
and Sweet’s) and elastic material (Elastic van Gie-
son). For carbohydrate histochemical analysis,
PAS =+ diastase, Alcian blue-PAS and Alcian blue
+  hyaluronidase @ were utilised. Immu-
nohistochemical techniques were employed to
detect the presence of Factor VIII, fibronectin and
fibrinogen, by means of antibodies raised in rabbits
(Dako). Enzyme pretreatment was required (0.1
per cent Trypsin) prior to labelling with the
unlabelled antibody peroxidase-antiperoxidase
technique.

Three-dimensional reconstructions were made
by overlaying tracing paper onto serial photomicro-
graphs of vessels in which there was intramural
capillary formation. An 0.5 cm overlap was made
between each tracing, using one fixed feature as a
reference point.

Tissue blocks were processed for araldite embed-

ding after osmication. In some cases semi-thin sec-
tions (toluidine blue stained) were cut serially, with
intervening ultrathin section preparation. The
ultrathin sections were stained with uranyl acetate
and lead citrate for examination in a Philips 301
electron microscope.

Results

Light microscopy

In control tissue in the infantile and adult
retina, arterioles and venules are easily dis-
tinguished. The former has a thicker wall with
four to eight layers of smooth muscle cells
surrounding an attenuated endothelial layer.
The muscle layers of the venular wall are only
two in number. The endothelium showed a
positive reaction with Factor VII antibody,
but reactions to fibronectin and fibrinogen
were negative.

In the hyalinised vessels studied by histo-
chemistry in three eyes which showed the
pathology of CRVOD,*’ the stroma demon-
strated a positive immunohistochemical reac-
tion for fibronectin and a negative reaction for
fibrinogen.

Serial sections of hyalinised vessels which
contained intramural capillaries (Fig. 1)
revealed that the channels communicated
with the parent lumen which remained at-a
constant internal diameter throughout. Serial
reconstructions revealed bifurcations, T
channels and blind channels. Special tinctorial
stains to demonstrate the presence of fibrin or
fibrinogen (e.g. MSB) were negative in these
regions of intramural neovascularisation and
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Fig. 1.
capillary (1) (H&Ex120).

only those designed to demonstrate the pres-
ence of basement membrane and collagen
were positive in hyalinised blood vessels.
The electron microscopic investigation of
uncomplicated ageing in blood vessels
revealed interesting changes in two cases—
both male, aged 52 and 60 years respectively.
The endothelium was unremarkable and on
no occasion was there evidence to indicate any
abnormality in the intercellular junctions.
Subendothelial myocyte architecture was
well-preserved. In some arterioles the medial
myocytes showed cytoplasmic rarefaction
with organelle degeneration and intra-
cytoplasmic membranous debris (Fig. 2a). In
a 52 year old patient, the arterioles sampled
showed an apparent patchy absence of myo-
cytes associated with extensive multilayering
of basement membrane and deposition of
65 nm collagen (Fig. 2b). The remaining myo-
cytes were enlarged and the cytoplasm con-
tained plentiful rough endoplasmic reticulum
in addition to persisting submembranous den-
sifications of actin filaments (Fig. 2c). A note-
worthy feature was that fragments of cell
debris were present between the layers of
basement membrane. Macrophages con-
taining small secondary lysosomal bodies
were found within the walls of vessels in which

there was an apparent depletion of myocytes’

(Fig. 2d). Sometimes Muller cell processes
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Serial sections (levels indicated top right) along a hyalinised vessel to show the course of an intramural

protruded into the walls of the hyalinised
vessels.

Ultrastructural changes in retinal vessels in
CRVOD

The consistent basic feature of the vasculo-
pathy studied in four cases (Table I) was that
the thickened vessel walls contained very few,
if any, medial myocytes (Fig.3a). The wall
consisted of multilayered basement mem-
brane and collagen fibres within which mac-
rophages were identified. This abnormality
was such that it was not possible to differen-
tiate between degenerate arterioles and ven-
ules, a feature which has been emphasised in
previous light microscopic studies.** In two
cases, however, the endothelial cells and the
underlying subendothelial myocytes were
preserved. One case provided the opportunity
to study intramural neovascularisation and
examples were found which showed an invag-
ination from the lumen (Fig. 3b) and the pres-
ence of capillaries within the accellular
connective tissue: this corresponded to the
appearance of the tissue as demonstrated in
Figure 1. The most important feature of this
phenomenon was that the endothelial cell was
invariably accompanied by a cohort spindle
cell which had a less dense cell cytoplasm, but
little else in the way of identifying features
(Fig.3c). Nevertheless, continuity with sur-
viving subendothelial myocytes suggested
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Fig. 2. Ultrastructural features of arterioles in the fifth and sixth decades. In (a) some myocytes show normal
architecture (1 ), but there is evidence of cytoplasmic degeneration (open arrows) in other cells (60M). In (b) and
(c) the myocytes are replaced by multilayered basement membrane (1) and collagen, with some persisting

transformed myocytes (open arrows). Note cell debris (O). In d) macrophages ( 1 ) are present between the layers
of basement membrane and collagen.

(a)x2470; b) X 770; (c) x5400; (d) % 2340)
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Fig. 3. Ultrastructural features of vessels in CRVOD. In (a) the wall is replaced and thickened by deposition of
collagen and basement membrane and it contains scattered mononuclear macrophages. In (b) endothelial cells with
cohort subendothelial myocytes ( 1 ) project into the acellular vessel wall containing cell debris (open arrow). In (c)
endothelial cells surrounded by cohort cells (1) are present within the hyalinised wall, which also contains
macrophages (open arrows).

In (d) endothelial cells and cells with characteristics of smooth muscle cells (1 ) ramify in hyalinised connective
tissue.

(a) X600; (b)x7200; (c)*4500; (d)*x1500).
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that at the site of invagination at least, trans-
formed myocytes contributed to the cohort
cell population.

In one specimen, sections through a focus
of neovascularisation within a hyalinised
occluded vessel were obtained. These consis-
ted of a cluster of endothelial cells, which
were joined by intact intercellular junctions
and were surrounded by cohort spindle cells
(Fig. 2d). There was no evidence of a continu-
ous basement membrane around the cohort
cells, so that the arrangement was not that of
the normal pericyte-endothelial cell relation-
ship. An important feature of renewed cellu-
lar activity within the collagenised vessel wall,
was the presence of cells which had the
characteristics of macrophages. These cells
had long processes and were not surrounded
by a basement membrane: the cytoplasm con-
tained secondary lysosomes.

In the retina in two globes (70F and 85F)
there was extensive degeneration of endothe-
lial cells and an absence of subendothelial
myocytes. The laminated bundles of collagen
and basement membrane contained granular
fragments of cell debris. This end-stage path-
ology was found within intraretinal nodules
and in pre-retinal new vessels: the light micro-
scopic characteristics of this have been dis-
cussed previously.*> In these specimens, there
was extensive degeneration in the adjacent
retinal neuronal tissue with the formation of
intercellular spaces. It seemed reasonable to
assume that the stem vessel supplying these
acellular hyalinised vessels had been totally
obstructed.

Discussion

The demonstration of myocyte death and
fibrous replacement (hyalinisation) in the
walls of retinal vessels during the ageing pro-
cess in this study and that of other workers?®
may on superficial consideration, appear to
represent an innocuous process. It could be
assumed that the functional effect would be
simply a luminal dilatation and loss of vascular
tonus. Indeed this is probably the situation in
the majority of individuals and it has been
suggested? that the loss of contractile myo-
cytes, would have a protective effect should
malignant hypertension supervene in the
elderly. However, in one previous study® and
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in the present study, vasculosclerosis appears
to cause luminal narrowing and when Poi-
seuille’s law is taken into consideration, the
effect on tissue perfusion may be more signifi-
cant than is generally appreciated.* Certainly,
vasculosclerosis is an almost inevitable associ-
ation with CRVOD in the enucleated eye,
which adds weight to the suggestion of Wise?
and Rubenstein’ that vascular underperfusion
and reduced blood flow are precipitating
factors in central retinal vein occlusion.

One of the most interesting features of the
investigation was the ultrastructural demon-
stration of degeneration and drop out of indi-
vidual myocytes in the media of arterioles
which by light microscopy appeared to be
‘unremarkable’. The presence of multilayered
basement membrane suggests two pos-
sibilities. The first is that this was the residue
of an extracellular skeleton which previously
surrounded myocytes: this morphological
study suggests that the cells which had degen-
erated had disintegrated to form debris which
had been phagocytosed by macrophages. The
second possibility is that the basement mem-
brane material was secreted either by endo-
thelial cells, or by surviving subendothelial
myocytes. It is also possible that mural myo-
cytes may have transformed to become acti-
vated myofibroblasts. The latter phenomenon
has been extensively studied by Staubesand
and his colleagues (for review see Staube-
sand®) who emphasised the metabolically syn-
thetic capabilities of transformed myocytes
(m-cells). The presence of a large quantity of
fibrillar collagen (Type I) which was inter-
mingled with basement membranes implies
the presence of cells with adopted fibroblastic
function.

The cause of selective cell death within the
population of medial myocytes is unknown,
butitis tempting to suggest that this is a reflec-
tion of focal and or transient vascular under-
perfusion. It is relevant to mention the
experimental work of Juarez et al.® who
occluded the central retinal artery and vein
simultaneously in young monkeys. The retinal
arterioles initially (9 days post occlusion)
showed degenerative changes similar to those
described in the present study. Later (4 weeks
post occlusion) the media was necrotic and the
vessel ‘recanalised’ by endothelial cells and
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cohort pericytes. While this extreme and
acute insult was obviously not applied to the
human tissue in this investigation, extrapola-
tion may be justified. An important finding in
the cited experimental study,’ was that horse-
radish peroxidase did not leak between the
tight junctions of the endothelium and it is
noteworthy that in all but two of the human
eyes used for this study, the endothelial archi-
tecture and intercellular attachments were
preserved. In cases 7 and 8, there was
obviously an extreme superadded ischaemic
episode which led to total necrosis of all the
surviving cellular components of the vessel
wall. Fibrin or fibrin degradation products
were not identified by electron microscopy
within the subendothelium or within the
media in any of the specimens examined, so
this form of intimal thickening in degenerative
vasculopathy may differ from the extreme
process of fibrin leakage through a damaged
endothelium as has been described in malig-
nant hypertension.!2!%11 It is not acceptable
however, to exclude the possibility that there
had been leakage of plasma constituents
across the endothelium at some stage in the
disease process.

Possibly the most intriguing aspect of the
study is the relationship between hyalinisation
and neovascularisation when the ageing pro-
cess is complicated by CRVOD.*5 In the
mildest form endothelial cells and subendo-
thelial myocytes invade the hyalinised con-
nective tissue to form intramural capillaries,
an abnormality which was initially described
by Lowenstein!? in 1948. The paradox is that
while mild and slowly progressive ischaemia
and ageing lead to myocyte death, the super-
added ischaemic insult of central vein occlu-
sion appears to stimulate endothelial cell and
myocyte proliferation.

The factors which stimulate endothelial cell
proliferation in vitro are under extensive
investigation by cell biologists at the present
time and a detailed discussion of the possible
stimuli in degenerative vasculopathy would be
unacceptably speculative. In relation to the
morphologic findings in the present investiga-
tion, fibronectin, fibroblast-like cells, and
macrophages were found within hyanalinised
vessel walls which was surrounded by retinal
tissue which showed the changes characteris-
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tic of hypoxic damage. These features individ-
ually and in combination are known from in
vitro studies and pathological studies to serve
as stimuli to cell proliferation.!*!” What is per-
haps the most important feature of the study
was the demonstration by electron micro-
scopy of the close relationship between
endothelial cells and cohort cells, which seem
most likely to be derived from transformed
subendothelial myocytes. This patho-
morphology suggests that the in vitro models
for endothelial cell proliferation should take
into account that in vivo, two or more cell
populations are involved.

It is a pleasure to acknowledge the technical assist-
ance provided by Mrs S. A. Cameron, Mrs D. A.
Aitken and Mr J. A. W. Ralston, FIMLS. The
senior author is indebted to Professor Willem A.
Manschot of the Erasmus University of Rotterdam,
for providing the stimulus for this research.
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