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Ageing of the Vitreous 
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Summary 
Changes that occur in the vitreous during ageing contribute to a variety of vitreo
retinal disorders. These age-related changes are rheologic, biochemical, and struc
tural in nature. Our current knowledge of these ageing changes is reviewed. 
Hypotheses for the mechanisms of liquefaction (synchisis senilis) and posterior 
vitreous detachment are proposed. 

A variety of vitreo-retinal disorders have a 
high incidence during the latter decades of 
life. Some diseases can be attributed to age
related changes within the vitreous. The 
events that contribute to the ageing changes in 
the vitreous are inter-related, but can be con
sidered in three general categories: rheologic, 
biochemical and structural. Our current 
knowledge of the changes observed in these 
three areas support the postulate that lique
faction (synchisis senilis) and vitreous detach
ment can be understood in terms of a 
molecular re-arrangement of vitreous 
components. 

This article reviews what is currently known 
about ageing of the vitreous. Particular 
emphasis will be placed upon the phenomena 
of synchisis senilis and posterior vitreous 
detachment. Based upon this information, a 
hypothesis for the mechanism of posterior 
vitreous detachment is proposed. 

Rheology 
Using slit lamp biomicroscopy in a clinical 
setting, Busacca1 and Goldmann2 observed 
that after the ages of 45-50 years there is a 
decrease in the gel volume and increase in the 
liquid volume of human vitreous. Eisner3 

qualitatively confirmed these findings in his 
post-mortem studies of dissected human eyes 
and pointed out that liquefaction begins in the 
central vitreous. In a large autopsy study of 
formalin-fixed human eyes, O'Mallet pro
vided quantitative confirmation of these 
observations. He found that more than half of 
the vitreous was liquefied in 25 per cent of 
individuals aged 40-49 years and that this 
increased to 62 per cent of individuals aged 
80-89 years. Oksala5 used ultrasonography to 
detect echoes from gel-liquid interfaces in 444 
normal human eyes, in vivo. He observed evi
dence of vitreous 'degeneration' in 5 per cent 
of individuals aged 21-40 years, 19 per cent of 
those aged 41-50 years, 63 per cent aged 
51-60 years and in greater than 80 per cent of 
individuals over the age of 60 years. The 
vitreous was acoustically homogeneous in all 
individuals younger than 20 years and in 10 
per cent of those older than 60 years. 

However, liquefaction actually begins at a 
much younger age. There is evidence of liquid 
vitreous after the age of 4 years and by the 
time the eye reaches its adult size (ages 14-18 
years), approximately 20 per cent of the total 
vitreous volume consists of liquid vitreous.6 

In post-mortem studies of fresh, unfixed 
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Fig.1. Gel-liquid transformation in human vitreous. The volumes of gel (open circles) and liquid (closed circles) 
vitreous are plotted with age (abscissa). Each point represents the mean value of measurements obtained from the 
number of eyes shown at the top of the graph. (Courtesy of Dr Endre A. Balazs.) 

human eyes it was observed that after the age 
of 40 years there is a steady increase in liquid 
vitreous which occurs simultaneously with a 
decrease in gel volume (Fig. 1). By the ages of 
80-90 years more than half the vitreous is 
liquid. The central vitreous is the region noted 
to undergo liquefaction first, as determined 
clinically and in post-mortem studies.3 The 
finding that it is in the central vitreous that 
fibres are first observed7.8 is consistent with the 
concept that dissolution of the hyaluronic 
acid-collagen complex results in the simul
taneous formation of liquid vitreous and 
aggregation of collagen fibrils into bundles of 
parallel fibrils seen as large fibres.8 

In most mammals vitreous liquefaction 
does not occur9 and only a few, if any, fibres 
develop.lo Studies on rhesus monkeys have 
demonstrated that there exists an age-related 
process of synchisis similar to that in man.ll 
However, there were no differences in protein 
or hyaluronic acid concentration between the 
ages of 6 and 21 (human age equivalent of 68 
years), and no change in the size of the 
hyaluronic acid molecule. 

The mechanism of vitreous liquefaction is 
poorly understood. Gel vitreous can be lique-

fied by removing collagen via filtrationl2 and 
centrifugation13 or by enzymatically destroy
ing the collagen network. 14 It is unlikely, how
ever, that such phenomena are at play in vivo. 
Chakrabarti and Parkl5 claimed that the inter
action between collagen and hyaluronic acid is 
dependent upon the conformational state of 
each macromolecule and that a change in the 
conformation of hyaluronic acid molecules 
could result in vitreous liquefaction and 
aggregation or cross-linking of collagen mole
cules. Differences in the tertiary structure of 
hyaluronic acid molecules have been found 
between gel and liquid vitreous,16 suggesting 
that such conformational changes occurred 
during synchisis. Whether these changes are 
cause or effect is not known. However, 
Andley and Chapmanl7 have demonstrated 
that singlet oxygen can induce conformational 
changes in the tertiary structure of hyaluronic 
acid molecules. Deno et al18 have suggested 
that free radicals generated by metabolic and 
photosensitised reactions could alter 
hyaluronic acid structure and trigger a dis
sociation of collagen hyaluronic acid mole
cules ultimately leading to synchisis. This is 
plausible since the cumulative effects of a life-
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COLLAGEN IN THE GEL VITREOUS 
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Fig. 2. Collagen concentration (mg/ml) of human gel vitreous. The collagen concentration (mg/ml) of gel vitreous 
is represented by asterisks (individual samples) or by lightly hatched boxes with asterisks representing the means. 
The collagen content of the gel vitreous (mg) is represented by solid dots (individual samples) and by darkly hatched 
boxes with asterisks representing the means. The vertical sides of the boxes indicate the standard error of the means; 
the horizontal, the age range of individual cases included in the group. The number of samples in each group is 
indicated by 'n'. There is a significant increase in collagen concentration of the gel vitreous between the 5(J....f>0-year
old group and the groups of the next decades (p less than 0.05). ( Courtesy of Dr Endre A. Balazs. ) 

time of daily exposure to light may influence 
the liquefaction process by the proposed free 
radical mechanism. The importance' of 
vitreous liquefaction in the pathogenesis of 
vitreous detachment is discussed below. 

Biochemistry 
The three major constituents of vitreous are 
collagen, hyaluronic acid and water. Total 
vitreous collagen content does not change 
after the third decade.6.9 In a large series of 
normal human eyes studied at autopsy, the 
collagen concentration in the gel vitreous 
(Fig. 2) at the ages of 70-90 years (approxi
mately 0.10 mg/ml) was found to be greater 
than the collagen concentration of the gel 
vitreous at ages 15-20 years (approximately 
0.05 mg/ml; (p<0.05).6,9 Since the total col
lagen content does not change, this finding is 
most likely due to the decrease in the volume 
of gel vitreous that occurs with ageing, raising 
the concentration of the collagen remaining in 
the gel. As will be described below, the col-

lagen fibrils that remain in the gel become 
packed into bundles of parallel fibrils,? per
haps with cross-links between them. 

Ageing of collagen throughout the body is 
associated with increased cross-linking as 
manifested by decreased solubility, 19 
increased collagen stiffness,2o and increased 
resistance to enzymatic degradation.21 
Although similar investigations have not been 
conducted on vitreous collagen, studies by 
Snowden et a(22 demonstrated that with ageing 
there was a decrease in the quantity of bovine 
vitreous collagen made soluble by heat alone. 
This could result from an increase in collagen 
cross-linking or, as suggested by Snowden et 
ai, from changes in the surrounding glycopro
teins and proteoglycans.22 

Hyaluronic acid concentration increases 
until the ages of about 20-30 years when adult 
levels are attained (approximately 0.2 
mg/ml).6,9 The concentration of hyaluronic 
acid remains the same in both the liquid and 
gel vitreous from the ages of 20-70 years.23,24 
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CONCENTRATION OF No HYALURONATE IN THE LIQUID VITREOUS 
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Fig, 3. Concentration of hyaluronic acid in human liquid vitreous. Data for the first 4 years are missing because 
liquid vitreous does not exist at this time. (Courtesy of Dr Endre A. Balazs.) 

t. 

This suggests that there is an increase in the 
hyaluronic acid content of liquid vitreous and 
a decrease in the hyaluronic acid content of 
gel vitreous, since the amount of liquid 
vitreous increases and the amount of gel 
vitreous decreases with age. This is consistent 
with the concept that during synchisis senilis, 
there is a displacement of hyaluronic acid mol
ecules from the gel to the liquid vitreous. 
Human studies have shown that after the age 
of 50 years there is an increase in the con
centration of hyaluronic acid in the liquid 
vitreous9 (Fig. 3). 

Liquefaction has also been associated with 
changes in vitreous hyaluronic acid mole
cules. Studying post-mortem samples of 
human vitreous, Armand and ChakrabartP6 
found subtle but definite differences in the 
chromatographic elution profiles and optical 
properties of hyaluronic acid molecules iso
lated from gel as compared to liquid vitreous. 
These investigators suggested that the con-

formational differences between hyaluronic 
acid molecules in gel and liquid vitreous are 
likely to be at least partly responsible for the 
gel-liquid transformation observed during 
ageing. 

Vitreous soluble protein concentrations 
also increase from 0.5-0.6 mg/ml at ages 
13-50 years, to 0.7-0.9 mg/ml at ages 50-80 
years, and 1.0 mg/ml above the age of 80 
years.23,24 This increase probably results from 
an age-related breakdown in the blood-ocular 
barriers at the retinal blood vessels, retinal 
pigment epithelium and ciliary body 
epithelium. 

Structure 
As in the other parts of the body25 the basal 
laminae surrounding the vitreous thicken with 
age.26 Hogan et a(27 stated that the thickening 
of the internal limiting lamina (ILL) of the 
retina occurs after it is initially laid down, 
probably as a result of synthesis by the subja-
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Fig. 4.. Vitreous structure of a 33-week gestational age human38. The anterior segment is below and the 
posterIOr pole IS above. A dense homogeneous appearance is present throughout the vitreous. The 
vitreous cortex and Cloquet's Canal can be seen (magnification 4x). 

cent Mueller cells. ILL thickening may play a 
role in the weakening of vitreo-retinal adhe
sion that contributes to the development of 
posterior vitreous detachment. 

Teng and Chi28 found that the vitreous base 
posterior to the ora serrata varied in width 
depending on the age of the individual. More 
than half of eyes from people older than 70 
years had a posterior vitreous base wider than 
1.0 mm and half of these were wider than 
2.0 mm. With increasing age the width 
increased to nearly 3.0 mm, bringing it close 
to the equator. 

This widening was also observed to be most 
prominent in the temporal portion of the 
globe. Posterior migration of the area of 
strongest vitreo-retinal adhesion plays an 
important role in the pathogenesis of retinal 
breaks and rhegmatogenous retinal detach
ment resulting from peripheral vitreo-retinal 
traction. 

Within the vitreous body ageing is associ
ated with substantial structural changes. 
During development there is a transition from 
a dense, highly light-scattering structure (Fig. 

4) to a relatively transparent homogeneous 
body. In the adult, 'tracts', as observed by 
Eisner,3 and fibres7,8 form (Fig, 5). During the 
latter decades of life the fine parallel fibres in 
the central vitreous become thickened and 
tortuous (Fig, 6), Immediately adjacent to 
these coarse structures are areas with little or 
no light-scattering properties that are filled 
with liquid vitreous, When advanced, this 
vitreous degeneration forms 

'
large pools of 

liquid vitreous identified clinically as 'lacunae' 
(Fig, 6), When the posterior vitreous detaches 
from the retina there is an overall reduction in 
the size of the vitreous due to the collapse of 
the vitreous (syneresis) that occurs when 
liquid vitreous enters the retrohyaloid space 
anterior to the retina, This displacement of 
liquid vitreous occurs via the two 'holes' in the 
posterior vitreous cortex (Fig. 5) and is an 
important event in the pathogenesis of pos
terior vitreous detachment. 

Posterior Vitreous Detachment 
The most common age-related pathologic 
finding in the vitreous is posterior vitreous 
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Fig. 5. Vitreous structure in a 58-year-old human-19 Fibrous structures are present in the central 
vitreous. These fibres are fine, parallel and have an antero-posterior orientation with insertions at the 
vitreous base and posterior vitreous cortex (not shown) (magnification 8x). 

detachment (PYD). This can be defined as a 
clean separation between the posterior 
vitreous cortex and the internal limiting lam
ina (ILL) of the retina, as demonstrated by 
histopathologic study.2Y30 PYD can be 
localised, partial, or total (from the posterior 
pole up to the posterior border of the vitreous 
base). The incidence of PYD in clinical 
studies has been found to be 53 per cent in 
people older than 50 years, and 65 per cent 
over the age of 65 years.Jl Autopsy studies 
revealed an incidence of 27-51 per cent in the 
7th decade and 63 per cent in the 8th decade. 32 

PVD is more common in myopes, occurring 
10 years earlier than in emmetropes and 
hyperopes.1J Several studies have found a 
higher incidence of PYD in women. 32.33 There 
is evidence to suggest that the 
glycosaminoglycans composition of con
nective tissue is influenced by gonadal hor
mones. Thus, post-menopausal women may 
experience a biochemical disruption of the 
vitreous that contributes to PYD. 

Klotj34 has shown that experimental embo
lisation of the central retinal artery causes 

total PVD. In less severe cases, he found a 
distinct membranous layer adherent to the 
detached posterior vitreous which was identi
fied as the ILL of the retina. Kloti concluded 
that embolisation resulted in Mueller cell isch
emia and dysfunction allowing the ILL to 
detach along with the posterior vitreous. Pre
sumably, more advanced ischemia caused dis
solution of the ILL-cortical adhesion resulting 
in true PYD. This suggests that Mueller cell 
metabolism is at least partly responsible for 
vitreo-retinal separation at the ILL-cortical 
interface. Another form of vitreo-retinal sep
aration which must be distinguished from true 
PYD occurs just anterior to the posterior 
vitreous cortex. Balazs35 has termed this 
'vitreoschisis' to denote liquefaction with cav
itation in the posterior vitreous but persistent 
attachment of the posterior vitreous cortex 
to the ILL. Clinically this is often mistaken 
as true PYD and occurs in advanced 
synchisis. 

The pathogenesis of PYD relates to the rhe
ologic changes within the vitreous that lead to 
synchisis (liquefaction) as well as weakening 
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Fig. 6. Vitreous structure in an 88-year-old human8. The vitreous is reduced in size and collapsed 
(syneresis). Within the vitreous the fibres are coarse, thickened and tortuous. Adjacent to the fibres are 
large collections of liquid vitreous (lacunae) (magnification 3x). 

of the cortical-ILL adhesion. Once liquid 
vitreous forms and the collagen network is 
destabilised, owing to the loss of association 
with hyaluronic acid molecules, collapse of 
the vitreous body (syneresis) can occur. Two 
possible mechanisms for syneresis are: 
(1) Shortening and condensation of vitreous 

fibrils contracting the vitreous body and 
pulling the posterior vitreous forward;36 

(2) Dissolution of the posterior vitreous cor
tex-ILL adhesion at the posterior pole 
allowing liquid vitreous to enter the retro
cortical space via the prepapillary and pre
foveal holes in the vitreous cortex and dis
sect a plane leading to true PVD. 31 

This volume displacement from the central 
vitreous to the pre-retinal space causes the 
observed syneresis of the vitreous body. 

The latter mechanism is supported by the 
observations of Foos that PVD begins at the 
macula.3O This could result from a predisposi
tion or an increased stimulus for vitreous 
degeneration in the premacular region. Foos 
and Wheeler32 proposed that synchisis here 
resulted from light toxicity to the premacular 

vitreous, since this is where the eye focuses 
most light, and/or some toxicity caused by 
metabolic waste products resulting from the 
high density of metabolically-active cells and 
neurons in the macula. Both light irradiation 
and metabolic processes can generate free 
radicals which could alter hyaluronic acid 
structure and disrupt the collagen-hyaluro
nate association.18 

O'Malley24 suggested that PVD was related 
to synchisis since both are correlated with age, 
although PVD had a later onset than syn
chisis. Foos and Wheeler32 studied 4,492 eyes 

. and found a statistically significant correlation 
between the degree of synchisis and the inci
dence of PVD. Larsson and Osterlin33 studied 
61 human eyes post-mortem and correlated 
the degree of vitreous liquefaction with the 
extent of PVD. In eyes with no PVD, about 10 
per cent of the vitreous was liquid; with partial 
PVD 23 per cent of the vitreous was liquefied. 
These studies also showed that the con
centration of hyaluronic acid in eyes with no 
PVD was higher than those with total PVD 
(p<0.04). This loss of hyaluronic acid mol-
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ecules would further de stabilise the vitreous 
and contribute to its collapseY 

Conclusions 
The concept that arises from all these obser
vations and findings is that PVD results from 
events within the vitreous and at the vitreo
retinal interface. Whether due to age-related 
changes in collagen structure, hyaluronic acid 
configuration and/or concentration, light
induced or metabolically-derived free radi
cals, hormonal effects or combinations of all 
these factors, there is a disruption of the 
normal collagen-hyaluronic acid association 
transforming gel vitreous to liquid. Dissolu
tion of the ILL-vitreous cortex adhesion at the 
macula allows this liquid vitreous to dissect 
the retrohyaloid plane and result in collapse of 
the vitreous body. Future studies on the 
nature of the hyaluronic acid-collagen interac
tion and the forces underlying posterior 
vitreous cortex-ILL adhesion should further 
identify the mechanisms by which PVD 
occurs. Elucidating the nature of these mech
anisms may enable the development of pro
phylactic techniques by which liquefaction 
and PVD could be induced or prevented, 
depending upon the clinical circumstances. 
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