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Is Your Vitreous Really Necessary? 
The role of the vitreous in the eye with particular 
reference to retinal attachment, detachment and the 
mode of action of vitreous substitutes 
w. s. FOULDS 
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No one needs to be reminded of the very great 
contributions to Ophthalmology made by 
Duke-Elder not only in his scientific 
researches but in his writings especially his 
monumental works, the Textbook of Oph
thalmology and the System of Ophthal
mology. Duke-Elder's superb skill in the use 
of the English language is apparent to all in 
either work. He hated equally linguistic inac
curacy and verbosity, and certainly demon
strated to me on more than one occasion an 
economy in the use of language which must 
have been related in some way to his native 
Scottish thrift. 

Duke-Elder was largely responsible at the 
inception of the National Health Service, for 
the amalgamation of three famous eye hos
pitals in London, The Royal London 
Ophthalmic Hospital, The Royal Westmins
ter Ophthalmic Hospital and the Central Eye 
Hospital. From the amalgamation grew the 
Institute of Ophthalmology and the develop
ment of Moorfields as a great teaching hos
pital. Moorfields of course existed long before 
Duke-Elder but it was Duke-Elder's vision 
and foresight that saw the need to amalgamate 
relatively small hospitals into an organisation 
which was large enough to remain indepen
dent within the National Health Service, and 
in this way paved the way for the pre-emi
nence which Moorfields holds in ophthalmo-

logical practice and training in the United 
Kingdom. 

'The Duke' as everyone at the Institute 
knew him, not only encouraged and stimu
lated research but took a real personal interest 
in what everyone in the Institute was doing. 
The high standing of the Institute inter
nationally was a direct result of his enthusi
asm, hard work, scientific acumen and 
administrative skill. Above all Sir Stewart was 
a warm human being. Many years ago I was 
proud to work under his guidance in the Insti
tute and today I am more than ever proud to 
honour his memory. 

The title of this lecture may sound flippant 
but it was prompted by the thought that not 
only have we no generally agreed views on 
why we have a vitreous, but now treat it with 
scant respect as something to be removed 
when it gets in the way without asking if it is 
performing any useful function. 

Nowhere are possible functions of the 
vitreous of more relevance than in relation to 
retinal attachment or detachment, a subject 
which has intrigued me for most of my profes
sional career. Most ophthalmologists imagine 
that the retina is rather precariously attached 
to its bed and liable to detach under very little 
provocation whereas in reality the opposite is 
probably true, the retina is held in place by 
relatively strong mechanical and functional 
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forces and detachment of the retina indicates 
a failure of many factors and not just one. 

More and more the retina surgeon starts his 
operation whether it be for retinal detach
ment or the restoration of a light path in an 
eye with a vitreous haemorrhage, by carrying 
out a vitrectomy. Vitrectomies are used to 
relieve intraocular traction, to remove 
vitreous opacities, to modify intraocular cellu
lar proliferation and as a useful way of 
controlling the intraocular volume in tumour 
surgery. 

I have been resecting choroidal melanomas 
locally for more than 15 yearsl-3 (Fig. 1) but 
the techniques are still evolving. A recent 
modification which has proved very helpful 
has been to start the operation with a closed 
pars plana vitrectomy so that the vitreous is 
replaced with saline. This allows rapid 
changes of volume as dictated by the needs of 
the subsequent procedure. Thus during dis
section of the scleral flap the intraocular pres
sure is elevated and the eye wall rendered firm 
for lamellar dissection by a suitable position-

Fig.1. Local resection of choroidal melanoma, (a) 
pre-operative appearance, (b) post-operative 
appearance. 

ing of the reservoir. During the actual dissec
tion of the tumour and its removal from the 
eye the intraocular volume can be greatly 
reduced by withdrawing fluid from the 
vitreous cavity with a syringe attached to a 
3-way tap in the infusion line. At the end of 
the procedure the relatively collapsed globe 
can be reinflated either with saline from the 
reservoir or by gas injection by way of the 
3-way tap. The ability to change the volume of 
the posterior segment of the eye dramatically 
and rapidly has greatly aided this form of sur
gery. Such rapid changes cannot be made in 
the presence of an intact vitreous and this 
immediately suggests one possible role for the 
vitreous-that of stabilising the volume of the 
globe and resisting rapid changes in size. " 

We know that the vitreous has a complex 
structure of collagen fibrils stabilised by mole
cules of a high molecular weight hydrophilic 
polymer-a complex sugar-a glycosamino
glycan, hyaluronic acid.4.5 Glycosamino
glycans are important components of the 
extra-cellular matrix in many tissues. They are 
linear polymers of repeating disaccharide 
units and with the exception of hyaluronic 
acid tend not to occur as free polymers, but as 
proteoglycans linked to a protein core. 
Glycosaminoglycans can interact with other 
proteins such as collagen to form links 
between collagen molecules.6,7 

Although highly viscous, hyaluronic acid is 
soluble and highly hydrophilic giving the 
vitreous its gel-like structure with both viscous 
and visco-elastic properties.5 

The entangled gel-like nature of the poly
saccharide traps water in the domain of the 
molecule making it not only retentive of 
water, but capable of modifying water move
ment through it.8•9 Not only does the remark
able water binding capacity of the hyaluronic 
acid in the vitreous give optical clarity but in 
addition prevents rapid movement of water 
out of or into the vitreous body so that the 
hyaluronic acid of the vitreous may be thought 
of as a damping mechanism capable of resist
ing rapid changes of volume of the globe. At 
its most obvious the presence of an intact 
vitreous will act as a mainline defence against 
collapse of the globe should it be perforated. 

A manipulation commonly used in cataract 
surgery particularly in the United States of 
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America is pre-operative massage or com
pression of the globe ostensibly to reduce the 
intraocular pressure. As soon as the eye is 
opened however the intraocular pressure is of 
course effectively at atmospheric pressure and 
any advantage conveyed by ocular compres
sion in terms of intraocular pressure is lost. It 
is possible however that the manoeuvre 
redistributes some of the intraocular fluid 
expressing it from the vitreous and so reduc
ing vitreous volume with some benefit in 
terms of surgical access and safety. In my own 
mind any such advantage is likely to be out
weighed by a compensatory vasodilatation in 
the choroid which will tend to counteract any 
reduction of volume in the posterior segment 
of the eye and may carry additional 
disadvantages. 

As a slight diversion it is interesting to look 
at other sites in the eye containing 
glycosaminoglycans and glycoproteins. These 
include the stroma of the cornea, the extra
cellular spaces of the trabecular meshwork 
and the sub retinal tissue spaces filled by the 
inter-photoreceptor matrix. 10-14 

Is the water binding capacity of the ground 
substance important in the cornea? We know 
that corneal transparency is very dependent 
on its water content15 and on the exact separa
tion of the collagen fibrils which make up the 
stroma (Fig. 2). Any change in interfibrillary 
distance has an immediate deleterious effect 
on corneal light transmission and nowadays 
we are all aware of the crucial role played by 

Fig. 2. Transmission electronmicrograph of normal 
corneal stroma to show the regular arrangement of 
collagen fibrils separated by an exact interval designed 
to promote maximum light transmission. The dimen
sions of this interval may be maintained by the 
glycosaminoglycan ground substance (xJ3,OOO). 

the corneal endothelium in maintaining the 
required state of deturgesence of the cornea. 16 

Physically it would be difficult for the appro
priate fibrillar separation in the stroma to be 
constantly maintained without some mecha
nism preventing short term local changes in 
hydration and in the ground substance of the 
cornea we have just such a mechanism. 17-1Y It 
is easy to conceive of the corneal turgesence as 
a balance between the swelling pressure of the 
ground substance and the dehydrating efforts 
of the endothelium. Soft contact lenses lack
ing this mechanism are notably prone to short 
term changes in hydration and of focus when 
the relative humidity of the atmosphere 
changes. 

An aspect of the action of glyco
saminoglycans which is important to consider, 
is their viscosity and their influence on cellular 
and molecular movement. In the trabecular 
tissue the resistance to aqueous outflow can 
be modified by perfusing the anterior cham
ber with hyaluronidase,2()-23 and the glyco
saminoglycans in the trabecular tissue make 
an as yet incompletely quantified contribution 
to the resistance to aqueous outflow through 
the trabecular meshwork24-29 (Fig. 3). 

Returning to the vitreous we know that not 
only is its structure complex at the molecular 
level but in addition there are great variations 
in structure within the vitreous cavity, the 
highest concentration of hyaluronic acid and 
of collagen being in the cortical vitreous next 
to the retina and of course at the vitreous 
base, while the lowest concentrations are in 
the mid-vitreous5 (Fig. 4). 

We know that in the normal eye most of the 
aqueous that is formed passes into the 
anterior chamber and is cleared from the eye 
by way of the Canal of Schlemm under the 
action of the hydrostatic pressure difference 
that exists between the anterior chamber and 
the episcleral venous plexus. In primates up to 
20 per cent of aqueous outflow from the eye is 
by non-conventional routes. 30 An important 
non-conventional route may be the trans-reti
nal route to the capillaries of the choroid.31 

Experiments with tritiated water injected into 
the mid-vitreous have shown that water from 
there is largely cleared to the choroid across 
the intact retina, more than 88 per cent of 
injected water leaving the eye by this route 
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Fig. 3. Transmission electronmicrograph of the human outflow apparatus stained with colloidal iron for 
glycosaminoglycans. Glycosaminoglycans are abundant in normal trabecular tissue (a) but markedly depleted after 
perfusion with hyaluronidase (a) (xll,500) (b) (x6,500). (Preparation of P. McMenamin). (V = giant vacuole.) 

Fig. 4. Normal vitreous from the vitreous base (a) and from the cortical vitreous close to the equatorial retina (b) 
stained with the coloidal iron and the prussian blue reaction for glycosaminoglycans. The heavy staining and coarse 
fibrillar structure of the vitreous base is evident as is the increased concentration of glycosaminoglycan in the cortical 
as against the non cortical vitreous ((a) x 100, (b) x 800). (Preparation of N. Johnson.) 
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and only 3 per cent leaving the vitreous by way 
of the anterior chamber in the phakic eye32 
(Fig. 5). Vitreous fluorophotometry has 
demonstrated that the outward clearance of 
fluorescein from the vitreous to the blood
stream greatly exceeds any inward movement 
from the choroid to the vitreousY-36 

2% 
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Fig. 5. Diagram to illustrate routes of clearance of 
intravitreally injected tritiated water. Most of the tracer 
is cleared posteriorly across the intact retina and RP E to 
the choroid. 

It is difficult to assess what proportion of 
aqueous secreted by the ciliary body enters 
the vitreous rather than the anterior chamber 
but it seems likely that the major part of that 
portion of the aqueous inflow which diffuses 
into the vitreous cavity is subsequently 
cleared posteriorly across the retina and RPE 
to the choroid. 

The low rate of clearance of water or fluor
escein from the vitreous to the anterior cham
ber3? is probably related to the small surface 
area available for diffusional exchange 
around the lens an area which would be 
increased in the aphakic eye. The forward 
clearance of water from the vitreous cavity is 
likely to be increased even more in the 
aphakic vitrectomised eye. There is a possi
bility that a change in the relative amounts of 
intraocular fluid (including angiogenic 
factors) being cleared from the eye anteriorly 
via the Canal of Schlemm and posteriorly 
across the retina could be of profound signifi
cance in relation to the high incidence of 
anterior segment neovascularisation follow
ing vitrectomy and lensectomy in diabetic 
eyes. 

An alteration in the relative volumes of 
secreted aqueous cleared anteriorly and pos
teriorly after cataract extraction could also 
conceivably be of significance in relation to 

aphakic cystoid macular oedema. It is a 
generally held view that the incidence of 
cystoid macular oedema is greater after intra
capsular than extracapsular extraction. 

Does the presence' of an intact vitreous 
influence water movement in the posterior 
segment of the eye? Solutions of hyaluronic 
acid especially if stabilised on a suitable sub
strate can significantly impede water move
ment8•38 and as we have shown39 
depolymerisation of the hyaluronic acid of the 
vitreous by the injection of hyaluronidase sig
nificantly increases the rate of clearance of 
tritiated water from the mid-vitreous to the 
choroid. In addition tracers introduced into 
the vitreous cavity disappear more rapidly 
from vitrectomised eyes than from eyes with 
an intact vitreous. 40•41 

Other experiments have shown that 
hyaluronic acid can impede the movement of 
larger molecules such as peptides and of 
cells. 42-44. There is little doubt that the intact 
cortical vitreous can not only limit the rate of 
water movement through it but act as a barrier 
to the ingress into the vitreous cavity of 
unwanted molecules or cells. 

Retinal Apposition 
What are the factors which maintain retinal 
apposition? They can conveniently be divided 
into passive or structural factors and active 
forces.45•46 Among the former one can list the 
structural integrity of the retina itself, the 
close interdigitation of retinal receptor cell 
outer segments with the apical processes of 
the pigment epithelium (Fig. 6) and the pres
ence between the pigment epithelium and the 
receptor cells of the interphotoreceptor 
matrix (Fig. 7). Active forces important in ret
inal apposition result from those mechanisms 
that ensure that fluid does not accumulate in 
the potential subretinal space. 

. 

As already indicated there is considerable 
evidence that water secreted into the vitreous 
cavity from the ciliary body largely leaves the 
eye by a trans-retinal, tnins-RPE route and 
our experiments in rabbit eyes have shown 
that the mean time taken by a molecule of 
water to leave the eye by way of the choroid is 
around 32 minutes and that roughly half the 
water in the vitreous passes to the choroid 
each 36 minutes. 3? The retina is therefore rela-
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Fig. 6. Scanning eiectronmicrograph of human receptor cell outer segments interdigitating with the apical 
processes of the retinal pigment epithelium (x3,500). 

tively permeable to water although it does 
have a measurable flow resistance which we 
and others have measured. 47.48 

Although water can pass readily through 
the intact retina, under normal conditions, it 
does not accumulate in the subretinal space so 
there must be a mechanism for removing 
water ftom the potential subretinal space. 
Possible mechanisms driving water'across the 
retina and the RPE to the choroid include a 
hydrostatic pressure difference, the effects of 
colloid osmotic pressure acting across an 
intact RPE and active transport by the RPE. 

Undoubtedly there is a hydrostatic pressure 
difference between the vitreous cavity and the 
orbit but no measurable pressure difference 
has been detected between the vitreous and 
the subretinal space.49 Anders Bilpl was one 
of the first to suggest that it is the difference 
between the colloid osmotic pressure of the 
blood and the vitreous which draws water 
across the retina and the RPE towards the 
choroid. We know that the fenestrated capill
aries of the choroid leak plasma protein into 

the extravascular tissue spaces of the choroid 
and that this protein-containing fluid can pass 
through Bruch's membrane to bathe the outer 
aspects and lateral clefts of the RPE cells. We 
know too that the RPE with its apical tight 
occluding junctions is a complete barrier to 
the inward movement of plasma proteins and 
other molecules. 5(}"53 As the retina is relatively 
permeable to water the sub retinal space even 
in the presence of an intact retina is in con
tinuity with the water in the vitreous cavity. 

Water in the potential subretinal space 
which has passed across the intact retina from 
the vitreous cavity by diffusion or has origi
nated in the retinal capillaries is separated 
from the protein-rich extravascular fluid on 
the outer side of the RPE cells by the cell 
membranes of the RPE and their zonular 
adhesions (Fig. 8). The separation of a rela
tively non-protein containing fluid from one 
containing significant quantities of soluble 
protein by a membrane which is permeable to 
water but not to protein will result in a colloid 
osmotic pressure gradient across the RPE so 
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Fig. 7. Light micrograph to show the inter
photoreceptor matrix (arrowed) lying between the outer 
segments of the retinal receptor cells and the RPE 
(Alcian Blue x350). (Preparation by I Grierson. ) 

that in consequence water will be drawn out of 

Fig. 8. Diagram of outer retina and RPE. The RPE 
with its tight junctions is impermeable to protein and 
separates the extravascular tissue spaces of the choroid 
which are rich in soluble protein from the subretinal 
space which has a relatively low content of soluble 
protein thus creating a colloid osmotic pressure gradient 
towards the choroid. 
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the subretinal space across the RPE to the log[3H] 
choroid. Such a mechanism would require an (arb. 
intact RPE but no active work on the part of units 
the RPE cells. 2 

How do we know that colloid osmotic pres
sure is important in keeping the subretinal 
space empty? Experiments in which fluid was 
injected under the retina54-56 have shown that 
saline is more rapidly removed from the sub
retinal space than plasma.57,58 In addition it 
has been shown that the intravitreal injection 
of hyperosmotic solutions rapidly leads to ret
inal detachment,59 In experiments I have 
carried out hypervolaemic dilution of the 
blood by intravenously administered low 
molecular weight dextran doubled. the mean 
transit time of radio-labelled water from the 
vitreous to the choroid (Fig. 9). A clinical 
correlate is a patient I have seen with a pro
tein-losing enteropathy who developed macu-
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Fig. 9. Diagram to illustrate decreased rate of transfer 
to the choroid of intravitreally injected tritiated water 
after hypervolaemic haemodilution. (a) typical control 
animal, (b) after hypervolaemic haemodilution. 

lar oedema and serous retinal detachments 
when the plasma proteins fell below 3 gram
mes per cent. The oedema disappeared and 
acuity recovered when the plasma protein 
level increased. 
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In experiments designed to see if active 
work by the RPE was needed to explain 
removal of water from the subretinal space to 
the choroid we measured the rate of transfer 
of tritiated water from the mid-vitreous to the 
choroid after the RPE had been poisoned by 
intravenously administered sodium iodate. 
We rather expected that the poisoned RPE 
would not transfer water so well but were 
surprised to find that water passed more 
rapidly across the poisoned RPE than normal, 
the mean rate of transfer being reduced to 
24±4 minutes as compared with a control 
value of 36±4 minutes. Marmor too found 
that saline in the subretinal space disappeared 
more rapidly if the RPE had been poisoned by 
sodium iodate.60 Marmor suggested that the 
RPE acted as both a pump and a barrier and 
that sodium iodate eliminated the former but 
additionally decreased the latter. An alter
native explanation that has not yet been tested 
is that systemically administered sodium 
iodate may alter the osmolarity of the blood as 
well as damaging the RPE. Certainly the 
experiments show that water can pass readily 
from the subretinal space to the choroid even 
when the RPE is non-functional although 
structurally intact again suggesting the impor
tance of a colloid osmotic pressure gradient 
across the RPE. 

One difficulty in explaining trans-pigment 
epithelial movement of water on the basis of a 
colloid osmotic pressure difference between 
choroid and subretinal space is the presence 
within the subretinal space of the inter-photo
receptor matrixlO•l1 containing as it does mole
cules of proteoglycan, glycoprotein and the 
inter-photoreceptor retinol binding pro
tein.12,\3,61,62. All of these molecules could gen
erate a colloid osmotic pressure which would 
act against the colloid osmotic pressure of the 
choroid and tend to retain water in the sub
retinal space. Indeed this could be an impor
tant role for the glycosaminoglycans of the 
inter-photoreceptor matrix allowing the 
maintenance of appropriate dimensions of the 
metabolically important interval between pig
ment epithelium and retina which would be 
necessary if inappropriate local con
centrations of metabolites were to be avoided 
and to allow for example, the inter-photo
receptor retinol binding protein room to exer-

cise its shuttle function in transporting vitamin 
A from the RPE to the outer retina. 63,64 Other 
roles for the IPM might be the modulation of 
molecular transport between pigment epi
thelium and retina and possibly modulation of 
outer segment phagocytosis as suggested by 
McKechnie. 65 

There is good evidence that me�hanisms 
exist in the RPE for the movement of fluid as a 
consequence of the active transfer of ions 
across the cell membranes of this epithelial 
layerM-71 although to date most of the work has 
been carried out in amphibia. Active trans
port by the mammalian RPE is undoubtedly 
important, for the rate at which saline intro
duced int.) the subretinal space is removed is 
significantly affected by hypoxia or by the 
administration of substances which alter ionic 
transport by the RPE. 72,73 It is likely that 
active transport of fluid from the subretinal 
space by the RPE is the result of local osmotic 
gradients generated by ionic transport across 
the infolded basal cell membrane as is the case 
for example in the renal tubules74 and that this 
mechanism is in addition to any external col
loid osmotic gradient across the RPE. For the 
sake of brevity I shall refer to both mecha
nisms together under the term 'pigment epi
thelial pump' but remembering at the same 
time that the 'pump' may be partly active and 
partly passive. 

If the RPE pump depends partly on ionic 
transport by the RPE and on the absence of 
plasma proteins in the intraocular fluids a 
change of either of these conditions will 
reduce the forces maintaining retinal apposi
tion. A focal break in the RPE barrier as is 
seen in central serous retinopathy will cause a 
focal breakdown of the mechanisms maintain
ing retinal apposition and allow the develop
ment of a localised retinal detachment. More 
widespread damage to the RPE such is as seen 
in some circulatory abnormalities, for 
example the toxaemia of pregnancy will be 
associated with a widespread failure of the 
RPE pump and an extensive although reversi
ble retinal detachment. 

Any detachment of the retina from its bed 
will of course have to overcome structural 
adhesive forces between the retina and the 
RPE. The interdigitation of the outer seg
ments of the receptor cells with the apical 
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processes of the RPE has already been 
alluded to. There is also a possibility that the 
inter-photoreceptor matrix contains cell 
adhesive molecules although none has so far 
been identified. 

We can thus postulate that the maintenance 
of retinal apposition with the RPE is the result 
of rather weak structural forces and much 
stronger functional forces largely generated 
by the continuous emptying of the potential 
subretinal space across the RPE in spite of 
constant trans-retinal replenishment from the 
vitreous as illustrated in the accompanying 
diagram (Fig. 10). Thus water passes continu
ously from the mid vitreous to the choroid 
across the cortical vitreous and retina and as 
each of these layers offers some flow resis
tance the cortical vitreous will tend to be held 
against the inner limiting membrane of the 
retina while the retina will be held in apposi
tion with the apical surface of the RPE. The 
importance of the dynamic apposition of the 
retina to its bed is illustrated by the immediate 
reduction in retinal adhesion which occurs at 
death. 75 

We have of course known from the time of 
Gonin76 that retinal integrity is of prime 
importance in preventing retinal detachment 
and that a retinal hole is the single most impor
tant aetiQlogical factor in the development of 
rhegmatogenous detachment. We know how
ever from experimentaF7-79 and clinical evi
dence that a retinal hole alone will not 
necessarily lead to retinal detachment and it 
appears necessary that additional factors 
should act. In the experimental animal a reti
nal hole in the presence of an intact vitreous 
never gives rise to retinal detachment, and 
tamponade of open retinal breaks by formed 
vitreous has been suggested as one mecha
nism preventing retinal detachment in these 
circumstances.80--S3 To induce experimental 
detachment in the animal eye a retinal hole 
has to be accompanied by destruction of corti
cal vitreous and even then the retina will often 
not detach unless the edges of the retinal hole 
are lifted or fluid is injected into the subretinal 
space through the retina. 79.84-86 

To detach a retina experimentally appears 
to require not only defeat of the forces main
taining retinal adhesion but in addition the 
operation of forces actively tending to detach 

Bruch'S Membrane 
,-,-____ ,-__ ���:d 

Cortical Vitreous i 
{Flow Resistance (Significant 

not known ) Flow Resistance) 

Fig. 10. Diagram to illustrate how continuous empty
ing of the sub retinal space across the pigment epi
thelium maintains cortical vitreous in contact with the 
retina and the retina in contact with the pigment 
epithelium. 

the retina. Traction on the retina and intra
ocular fluid currents are factonuecently high
lighted by Machemer in his Jacksonian 
address87 as important in this regard. 

When short term traction is applied to the 
intact retina any immediate separation of the 
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SHORT TERM STRESS ON RETINA 
Sub-retinal 'vacuum' 
prevents detachment 

Fig. 11 .  Diagram to illustrate transient traction on the 
retina. Detachment of the retina is resisted by the tend
ency to form a subretinal 'vacuum'. 
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retina from the pigment epithelium would 
tend to create a vacuum and so be prevented 
(Fig. 11). The situation however would be dif
ferent if the traction were long term for as the 
retina is permeable to water any tendency to 
form a subretinal vacuum under these condi
tions would be prevented by trans-retinal 
recruitment of water to the subretinal space 
(Fig. 12). Long term traction on the retina is 
always accompanied by leakage offtuorescein 
at the site of traction (Fig. 13) but whether this 
represents abnormal permeability of retinal 
vessels at this point or a breakdown of the 
underlying pigment epithelial barrier is not 
always clear. The former explanation appears 
to be the more likely. 

Where there is a through and through break 
in the retina the situation is quite different. A 
retinal hole will allow a local increase in the 

LONG TERM STRESS ON RETINA 
Fluid thro retina 

prevents sub-retinal 'vacuum' 
Fig. 12. Diagram to illustrate effects of prolonged ret· 
inal traction. Trans-retinal water movement prevents 
formation of a subretinal 'vacuum' and allows retinal 
detachment. 

Fig. 13. Fundus photograph and fluorescein angio
gram of a patient exhibiting retinal traction from a pre
retinal membrane. The angiogram shows characteristic 
increased permeability of vessels at the site of the retinal 
traction. 

rate of trans-retinal movement of water from 
vitreous to choroid (Fig. 14)88 but in the 
absence of traction will not lead to retinal 
detachment if the other factors aiding retinal 
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FLA T RETINAL HOLE 
Fluid goes thro hole and thro retina 
Fig. 14. Diagram to illustrate the effects on fluid 
movement of a through and through retinal break. 
Trans-retinal water will continue to reach the RPE 
through intact retina but a greatly increased movement 
offluid will take place through the retinal break. In the 
absence of retinal traction retinal detachment may not 
result. 

apposition are acting normally. Where trac
tion is operating in addition to a retinal break 
and the two are often causally related, detach
ment of the retina will be unopposed by 
hydrostatic forces for recruitment of fluid into 
the subretinal space will occur with minimal 
resistance through the retinal hole and addi
tionally through the surrounding intact retina 
(Fig. 15). 

To defeat the forces maintaining retinal 
apposition it appears necessary that the edges 
of the retinal hole should be lifted and that 
fluid currents from the vitreous cavity should 
have access to the sub retinal space so that the 
retina can be peeled off as suggested some 50 
years ago by Lindner. 86 He coated the inside 
of a flask with a collodion film and tried to 
detach it from the wall of the flask by agitating 
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RETINAL HOLE + TRACTION 

Fluid goes thro hole and retina 

Fig. 15. Diagram to illustrate the effects of a through 
and through retinal break in the presence of retinal 
traction. Detachment of the retina will be unopposed by 
hydrostatic forces, recruitment of fluid into the subreti
nal space occurring with minimal resistance through the 
retinal hole and additionally through the surrounding 
intact retina. 

or rotating water within the flask. He found 
that it was necessary that there should be a 
break in the collodion and that the edge of the 
break should be lifted to allow a current of 
fluid from the flask to pass under the film to 
strip it off (Fig. 16). The importance of this 
mechanism has recently been stressed by 
Machemer.87 In the eye such a process once 
started will be progressive (Fig. 17). The 
vitreous body has viscoelastic properties 
resisting deformation and demonstrates elas
tic recoil. 90 When there is a posterior detach
ment of the vitreous free surface effects will be 
present so that large movements of fluid in the 
vitreous cavity will be generated by eye move
ments. In the presence of a retinal hole especi
ally if accompanied by vitreous traction these 
may precipitate a retinal detachment. An 
important role of the viscoelastic properties of 
the vitreous would be to eliminate these free 
surface effects. 
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LINDNER'S EXPERIMENT 
(1933) 

Fig. 16. Diagram to illustrate Lindner's experiments 
of 1937. A flask is coated internally with a film of 
collodion. Agitation of fluid within the flask fails to 
detach the collodion film unless there is a break in the . 
film and the edges of the break are elevated. 

�l9l· 
�� 

RETINAL HOLE 
Traction + lateral shearing 

causes detachment 
Fig. 17. Diagram to illustrate progressive detachment 
of the retina in the presence of a retinal break, retinal 
traction and retro-vitreal fluid currents. 

Lifting of the edge of a retinal hole in the 
upper fundus may as easily be a consequence 
of gravity as of active traction (Fig. 18) so that 
holes in the upper retina are always more 

prone to lead to retinal detachment than are 
holes in the lower retina. 

Thus even where there is a retinal hole 
formed cortical vitreous may prevent retinal 
detachment by tamponading the hole, pre
venting a flow of fluid through it to the subreti
nal space and by eliminating free surface 
effects preventing bulk lateral movements of 
intraocular fluid which might elevate the 
edges of the hole so aiding separation of the 
retina from its bed. 

Even without formed vitreous to tam
ponade a retinal hole a through and through 
break in the absence of traction to lift the 
edges of the hole may not lead to the develop
ment of retinal detachment. An illustrative 
case is that of a young man who developed a 
pre-retinal traction membrane following an 
ocular injury (Fig. 19a). Vitrectomy and 
membrane peeling improved acuity from less 
than 6/60 to 6/12 but revealed the presence of 
a through and through flat retinal break which 
may possibly have been iatrogenic (Fig. 19b). 
The membrane peeling had been preceded by 
a vitrectomy, but in the absence of vitreous 

RETINAL TRACTION INCLUDES GRAVITY 
Fig. 18. Diagram to illustrate effects of a retinal break 
in the upper fundus. Gravity will tend to lift the retina 
from its bed and may initiate the process of retinal 
detachment. 
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b. 
Fig. 19. (a) Pre-operate appearance of an eye with a 
pre-retinal membrane and retinal traction following a 
penetrating ocular injury. Vision was reduced to less 
than 6/60. 
(b) Appearance of the fundus after vitrectomy and 
membrane peeling. Vision has improved to 6/12 but 
there is a through and through retinal break temporal to 
the fovea. 

traction the retina did not detach over an 
observation period of some two months 
although eventually to avoid the need for 
repeated follow up Argon laser treatment was 
applied round the hole (Fig. 20a). 

Somewhat to our surprise in a later fol
low-up photograph (Fig. 20b) additional 
unlasered retinal holes were noted which had 
been present previously. 

It is our experience that where a retinal 
break occurs during local surgical resection of 
a choroidal melanoma retinal detachments 
tend not to occur from this cause provided 
that no traction on the edges of the retinal 
break develops. 91 

Retinal Detachment 
What happens when a retina detaches? 
Almost immediately the receptor outer seg-

Fig. 20. (a) In spite of theoretical reasons for believ
ing that the risks of retinal detachment were small in this 
eye the hole was el'entually surrounded by Argon laser 
burns. 
(b) Other retinal holes (arrowed) were later noted but 
did not lead to retinal detachment. 

ments left embedded in the RPE are removed 
by phagocytosis and the remaining outer seg
ments on the detached retina swell up and 
disappear removing any possibility of a 
mechanical link between the RPE and the 
retina (Fig. 21).92.93 Great changes occur in the 
RPE. The RPE cells become swollen and 
mobile almost certainly contributing to the 
cells involved in pre and subretinal fibro
sis. 94.95 The morphology of the RPE changes 
dramatically with an increased polymorphism 
in the RPE cells, and a reduction in the pro
portion of hexagonal cells present (Fig. 22). 
In a small study (Table I) the number of RPE 
cells with 4, 5, 6, 7, or 8 slides was counted in 
an eye shortly after the production of an 
experimental detachment and in a compar
able eye which had had an experimental reti
nal detachment for three weeks. As can be 
seen the eye with the longer standing retinal 
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Fig. 21. (a) Scanning EM of RPE under a partial 
experimental retinal detachment of 4 hours' duration, 
In the previously non detached area (above) receptor 
cell outer segments (ROS) remain embedded in the 
RPE. In the detached area (below) all of the ROS have 
been removed by phagocytosis which is incomplete at 
the junction between detached and attached retina. 
(b) Light micrographs of the same eye. In the detached 
retina the ROS have rounded up or disappeared. (a) 
(xSOO) (b) (x JSO). (Preparation of N. McKechnie.) 

detachment showed a marked decrease in the 
number of cells with 6 or more sides and a 
corresponding increase in the number of 
smaller cells. 

Simultaneously subretinal fluid gradually 
changes from an aqueous-like fluid with a low 

Table I Morphology of RPE in experimental retinal 
detachment. 

Duration of detachment 

4 hours 3 weeks 
Type of cell No. of cells No. of cells 

Quadrilateral o (0%) 34 (23%) 
Pentagonal 33 (27.5%) 60(41%) 
Hexagonal 63 (52.5%) 37 (25%) 
7-sided 21 (17.5%) 15 (11%) 
8-sided 3 (2.5%) o (0%) 

Total 120 146 

protein content to a plasma-like fluid con
taining a lot of protein. 86,96-99 In other words 
there is a breakdown in the posterior blood 
ocular. barrier and consequently a loss of the 
osmotic forces necessary to maintain retinal 
apposition. It is tempting to postulate that the 
breakdown in the RPE barrier correlates with 
the obvious morphological changes which 
occur in the RPE cell layer. It may even be 
that it is a sick RPE that makes the surgical 
success rate in longstanding retinal detach
ment much lower than in recent cases. 



IS YOUR VITREOUS REALLY NECESSARY 655 

Fig. 22. Light micrographs off/at preparations of (a) normal rabbit RPE and (b) after an experimental retinal 
detachment of 3 weeks duration. After retinal detachment the RPE undergoes extensive polymorphism losing its 
hexagonal pattern. Many of the cells are smaller than normal (Toluidine blue xl,OOO). (Preparations of N. 
McKechnie). 

In longstanding experimental retinal 
detachments the azide induced increase in the 
standing potential of the eye100 is eventually 
lost92 indicating a loss of the trans-membrane 
movement of ions induced by this substance 
and suggesting a severe reduction in the trans
port function of the retinal pigment 
epithelium. 

Simple and Complex Retinal Detachments 
How can we apply what I have been saying to 
the management of retinal detachment? 
Rhegmatogenous retinal detachments to my 
mind can be conveniently divided into simple 
retinal detachments where the cortical 
vitreous gel although detached is still intact 
and complex retinal detachments where the 
vitreous structure is significantly deranged 
and no longer capable of internal tamponade 
of retinal breaks. 

Simple Retinal Detachment 
I have always believed that in simple retinal 
detachments volume reducing operations are 
effective largely because they result in a 
re-distribution of formed vitreous within the 
globe. A posterior detachment of the vitreous 
takes the cortical vitreous away from the 
equatorial and post-equatorial retinal surface 
and volume reducing operations by reducing 
the total volume of the globe while not affect
ing the volume of the residual vitreous will 
tend to force the residual vitreous back into 
contact with the anterior and even the equa
torial retina allowing cortical vitreous once 
again to tamponade retinal holes so reducing 
the rate of recruitment of subretinal fluid from 
the vitreous cavity83 (Fig. 23). Fluid will still 
reach the subretinal space through intact ret
ina but not in any greater amount than in the 
normal eye and the pigment epithelial pump 
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A 

c 

seems capable of dealing with this source of 
fluid provided recruitment of fluid through the 
retinal hole is sufficiently reduced. I believe 
that tamponade of the retinal hole by formed 
vitreous is the reason why the retina may go 
flat even when a retinal hole is not in contact 
with the buckle at the end of a volume reduc
ing operation. On occasion part of the subreti
nal fluid may be loculated and slow to absorb. 
The rate of absorption of subretinal fluid after 
the hole has been successfully closed is prob
ably determined by the integrity of the pig
ment epithelial 'pump' and the rate of 
recruitment of water from the vitreous to the 
subretinal space through the intact retina. 

Tamponade of a retinal hole by formed 
vitreous will also protect the hole from lateral 
shearing movements of retrovitreal fluid 
which might tend to cause re-detachment. In 
simple retinal detachments the depth of the 

B 

Fig. 23. Diagram to illustrate how volume reducing 
operations may result in tamponade of retinal holes by 
formed cortical vitreous. 
Pre-operatively (a) there is a posterior detachment of 
the vitreous. Retro vitreal fluid diffusing across the 
vitreous from the ciliary body (arrows) reaches the 
subretinal space mainly through retinal breaks (heavy 
arrow) but also across intact retina (solid arrows). 
Post-operatively (b) the volume of the globe is reduced 
but the volume of the detached vitreous is unchanged so 
that it now occupies a greater proportion of the globe 
and is brought into contact with the retinal break so 
tamponading it. Fluid from the ciliary body still reaches 
the residual retro vitreal space from whence it passes 
through the retina at a rate which is lower than the 
absorbing capacity of the RPE 'pump' so that the retina 
flattens (c). 

Fig. 24. In very myopic eyes with a large volume and a 
shrunken vitreous a very deep indent may be required to 
bring the vitreous into contact with the retina. 
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indent required to tamponade a retinal hole 
will be determined by the volume of the 
residual vitreous relative to the intraocular 
volume and by the position of the retinal hole 
or holes. In some highly myopic eyes a very 
deep indent may be necessary (Fig. 24). 

We know that regeneration of receptor cell 
outer segments occurs fairly quickly when the 
retina is reposedlOl thus allowing the re-estab
lishment of mechanical adhesion between ret
ina and RPE. The question of whether a 
chorio-retinal scaris required to close the hole 
is still not fully resolved. 102.103 In experimental 
retinal detachments closure of the hole after 
retinal re-apposition can occur from prolifera
tion of RPE alone.86 

Complex retinal detachment 
What about complex retinal detachments? 
The main features of such detachments are 
the presence of proliferative vitreo-retinopa
thy with gross abnormality of the vitreous 
structure and the existence of vitreo-retinal 
traction. Many cases have had multiple sur
gery and there is often a gross breakdown in 
the posterior blood ocular barrier charac
terised by the presence of a highly pro
teinaceous sub retinal fluid. The management 
of such detachments virtually demands 
vitreous surgery with the division of vitreous 
bands and of pre or subretinal fibrous pro
liferation. Additionally volume reduction is 
often required to relieve traction externally. 
Vitreous surgery and volume reduction in 
such eyes may very well relieve retinal trac
tion but obviously in the absence of formed 
vitreous, tamponade of retinal holes cannot 
be by residual cortical vitreous. In the absence 
of cortical vitreous, tamponade of retinal 
holes must be achieved by a vitreous 
substitute. 

Vitreous Substitutes 
Ideally a vitreous substitute used for internal 
tamponade should have a surface tensionlO4 
high enough to prevent it from passing easily 
through a retinal break and additionally be 
immiscible with water. Too high a surface ten
sion will tend to cause the injectate to break 
up into separate bubbles which would be 
optically disadvantageous. Air which has a 
long history in retinal detachment surgerylOS 

and gases such as SF6106 appear to have an 
appropriate surface tension and are well toler
ated in the eye. Undoubtedly they act mainly 
by preventing the passage of retrovitreal fluid 
through the retinal hole to the subretinal 
space. Although per-operative pneumatic 
replacement of the retina has advantages in 
demonstrating areas of residual traction, to 
cure a retinal detachment a gas bubble only 
requires to be large enough to close the hole, 
for provided the pigment epithelial 'pump' is 
acting across a relatively intact RPE the sub
retinal space will be emptied and the retina 
will flatten on to its bed (Fig. 25). 

As has already been stressed, in very long
standing retinal detachments or those associ
ated with considerable intraocular pathology 
the pigment epithelial 'pump' appears to 
become progressively defective and in such 
cases it may happen that in spite of closure of 
retinal holes subretinal fluid may persist or 
indeed the retina may remain totally 
detached. In sl!lch eyes silicone oil, first sug
gested by Cibis107 and actively promUlgated by 
ScottlOS--110 appears to be much more effective 
than other vitreous substitutes. III 

What advantages does silicone oil offer 
over gas? Firstly of course the oil is not 
absorbed and retains its volume indefinitely. 
Oddly enough its surface tension as measured 
by its contact angle with a wet surface is quite 
low and it is certainly no better at tamponad-

Fig. 25. Diagram to illustrate the tamponade of an 
upper retinal break by an intravitreal gas bubble. The 
bubble merely needs to be large enough to close the hole 
provided the pigment epithelial 'pump' is capable of 
emptying the subretinal space (see text). 
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ing retinal holes than air or gas. Why then 
should it be more effective as a treatment of 
difficult retinal. detachments? Silicone oil 
competes with water to wet surfaces and I 
believe an important feature of silicone oil in 
retinal detachment surgery is its ability to 
waterproof the retina in addition to tam
ponading the retinal hole. 

Silicone oil is really only effective if an 
almost total fill of the eye is obtained and as 
the oil is light and tends to float upwards a 
deep inferior buckle is used to improve the fill. 
A large quantity of oil will not only close an 
upper retinal hole but will remain in contact 
with a large area of the upper retina and pre
vent the passage through it of fluid that would 
have been destined for the sub retinal space. 
An inferior buckle will also help to loculate 
fluid lying between the oil and the retina and 
prevent recruitment of fluid into the posterior 
compartment of the eye from the ciliary body 
(Fig. 26). The resulting reduction of fluid 
movement to the subretinal space through 
intact retina as well as through the retinal hole 
will undoubtedly reduce the load on the 
damaged pigment epithelial pump and may 
perhaps allow it to recover. In the presence of 
oil preventing trans-retinal water movement 
through that part of the retina with which it is 

Fig. 26. Diagram to illustrate the mode of action of 
intraocular silicone oil in the treatment of complex reti
nal detachment where the pigment epithelial 'pump' is 
presumed to be defective. Silicone oil not only tam
ponades the retinal hole but reduces trans-retinal fluid 
movement so relieving the pigment epithelial 'pump' of 
much of the work involved in emptying the subretinal 
space. 

in contact the 'pump' may well be able to cope 
with the reduced amount of trans-retinal fluid 
reaching the subretinal space and under these 
circumstances may be capable of emptying the 
space and restoring the retina to its correct 
position. 

The bigger the oil bubble and the greater 
the area of contact between oil and retina the 
greater this effect will be and where there is a 
complete fill the pigment epithelial 'pump' 
may have to deal only with the residual fluid in 
the subretinal space and not a constantly 
replenished reservoir. One might easily imag
ine that retinal apposition under these circum
stances might allow the recovery of a sick RPE 
and the restoration of the blood ocular barrier 
so that subsequently the oil could be removed 
and the restored epithelial 'pump' given the 
task of keeping the retina flat. As we know not 
all eyes can tolerate removal of the oil with 
impunity for removal of the oil may be fol
lowed by recurrence of the retinal detachment 
and it may be that in some cases recovery of 
the pigment epithelial 'pump' is incomplete. 

Have we any evidence to support these 
speculations? In the experimental animal if a 
vitrectomy is carried out and half the vitreous 
cavity replaced by silicone oil (Fig. 27) 
measurement of the rate of transfer of triti
ated water from the mid vitreous across the oil 
to the choroid shows that the rate of transfer is 

Fig. 27. Ra
'
bbit eye which has undergone complete 

vitrectomy and a 50 per cent replacement of the vitreous 
with silicone oil. 
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Fig. 28. Rate of appearance of intravitreally injected 
tritiated water in a vortex vein draining the upper 
choroid of the eye illustrated in Fig. 26 where half the 
vitreous has been replaced by silicone oil. The rate of 
transfer of tritiated water from the vitreous to the 
choroid is greatly reduced. (a) typical control animal, 
and (b) after 50 per cent silicone replacement of 
vitreous. 

grossly decreased approaching zero in some 
experiments (Fig. 28) supporting the view 
-that silicone oil prevents water movement 
through the intact retina to the choroid. Some 
further support for the hypothesis that water
proofing the retina is an important factor in 
the efficacy of silicone oil in the treatment of 
complex retinal detachment can be found in 
the gross retinal oedema which sometimes fol
lows the removal of oil in such cases, suggest
ing that water is again penetrating the retina 
from the vitreous cavity but perhaps not being 
effectively removed by the RPE 'pump'. 

Unfortunately as silicone oil competes with 
water to wet surfaces not only may it water
proof the retina it may also waterproof the 
back of the lens interfering with metabolic 
exchange and leading to cataract (Fig. 29) or 
waterproofing the back of the cornea if it gets 

Fig. 29. Typical silicone cataract possibly due to the 
waterproofing effect of silicone oil interfering with met
abolic exchange across the posterior lens capsule. 

Fig. 30. Corneal endothelial decompensation in an 
aphakic eye successfully treated for complex retinal 
detachment by silicone oil replacement of the vitreous. 
Forward movement of the oil has led to contact with 
corneal endothelium and failure of the endothelial 
pump mechanism. 

into the anterior chamber so interfering with 
the corneal endothelial pump leading to cor
neal decompensation (Fig. 30). Und�r some 
circumstances silicone oil in contact with the 
cornea or lens may delay the development of 
opacity in either structure possibly by pre
venting uptake of water from the aqueous or 
vitreous cavities. Other disadvantages of sili
cone oil are the occasional appearance of 
emulsified oil in the anterior chamber and its 
penetration of tissues such as the trabecular 
meshwork (Fig. 31). A vitreous substitute 
with the waterproofing characteristics of sili
cone but none of the disadvantages would be 
very useful. Perhaps this role may be filled by 
one of the newer fluorinated hydrocarbon 
gasesll2 which in their higher molecular 
weights are very slowly absorbed from the 
vitreous cavity. Possibly a new polymer will 
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Fig. 31. 
Trabecular tissue from an eye excised some years after treatment of a retinal detachment with silicone oil. Oil 
droplets have penetrated the trabecular tissue (x 1 , 000). 
(Preparation of Professor w. R. Lee. ) 

emerge from the laboratories of the polymer 
chemists which will have the characteristics 
we seek. 

Retinal detachment surgery has come a 
long way since Gonin. Further advances will 
depend not only on our technological inge
nuity, but on a clearer understanding of the 
forces that influence retinal apposition. High 
on the list of matters requiring further study is 
a detailed investigation of the pigment epi
thelial 'pump' mechanism and particularly the 
factors that influence its recovery in complex 
longstanding retinal detachments. In further
ing our understanding, continuing close 
co-operation is required between the labora
tory worker and the retinal surgeon. 

There are other aspects of the vitreous and 
other glycosaminoglycan containing compart
ments in the eye which need further investiga
tion. There is evidence that some tissues with 
a high glycosaminoglycan content actively 
inhibit angiogenesis. l13 The question of 
whether the vitreous for example acts purely 

as a barrier to the diffusion of angiogenic 
factors elaborated in the retina in conditions 
such as diabetic retinopathy or whether it has 
an active inhibitory role has still not been 
established. One could even postulate that the 
glycosaminoglycans of the inter-photorecep
tor matrix might have a role in the prevention 
of subretinal neovascularisation. Like all 
other speCUlations these are matters which 
will have to be tested experimentally. 

When a structural engineer builds a bridge 
he builds in a safety factor and depending on 
the economics of the situation this is often 
greater than is strictly required. The vitreous 
is one of the many safety factors built into the 
eye to counter certain adverse circumstances. 
Most of the time it is not needed but when we 
dispense with it we reduce the eye's ability to 
cope with the results of disease or injury, in 
particular we reduce the ability of the eye to 
prevent retinal detachment. We should be 
careful of the vitreous-it is one of our insur
ance policies. 
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