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Preface 

This book is a short account of conditions that may be treated by vitreo-retinal surgery. 
It is intended for all levels of junior ophthalmologists to enhance an apprenticeship­
based training by assisting in the development ofvitreo-retinal surgical skills. Also we 
hope that senior ophthalmologists will find it useful to update their knowledge and that 
it may benefit other workers in ophthalmic care such as optometrists and nurse practi­
tioners. We have emphasised the principles of approach and management in an 
attempt to achieve the desired effect at surgery in the simplest way with the least mor­
bidity. We have not attempted to describe all the various operations and techniques 
available which will undoubtedly continue to change but have only emphasised those 
that we favour. 

The greater part of the work of the vitreo-retinal surgeon is still the management of 
rhegmatogenous retinal detachment; the text reflects this work and particularly 
emphasises the role of examination and surgical planning. 

We discuss pars plana vitrectomy which has allowed the treatment of conditions 
other than that of retinal detachment and this will be an expanding field in the future. 

A suggested reading list at the end of the text has been included for those who wish 
to enhance and extend their knowledge of the topics covered. Weare most grateful to 
the following who have helped us in the preparation of this text: 

Illustrations have been provided by Professor John Marshall (Fig. 1.1a and b), 
Mr Tim Ffytche (Fig. 11.3) and Mr D. Chauhan (Fig.19.5). Mr Don Nelson has helped 
with some of the artwork and Mr Tom Williamson and Mr Christopher Hammond 
have read the text and have made numerous helpful suggestions about layout and 
content. Mrs Maureen Forde and Miss Hazel Hollands have provided unfailing and 
enthusiastic secretarial support. Lastly, it has been a great pleasure for us to work with 
Mr Terry Tarrant who has done the greater part of the artwork and whose skills have 
enormously enhanced the text. 

Anthony Chignell and David Wong 
1998 

v 



Contents 

Basic Information .............. . 

2 Examination of the Eye with Retinal Disease 11 

3 Rhegmatogenous Retinal Detachment (RRD): Pathogenesis and Clinical 
Features .............................. 29 

4 Rhegmatogenous Retinal Detachment: Details of Examination . . 39 

5 Rhegmatogenous Retinal Detachment: Features of Special Types 49 

6 Proliferative Vitreo-retinopathy (PVR) 57 

7 Pre-operative Management . . . . . . . 63 

8 Rhegmatogenous Retinal Detachment: Principles of Surgical Management 67 

9 Rhegmatogenous Retinal Detachment: Surgical Choices 75 

10 Rhegmatogenous Retinal Detachment: Conventional Surgery 79 

11 Conventional RRD Surgery: Post-operative Management, Signs and 
Complications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 

12 Rhegmatogenous Retinal Detachment: Failure of Conventional Surgery. . 107 

13 Rhegmatogenous Retinal Detachment: Prophylaxis 113 

14 Pars Plana Vitrectomy (PPV): Basic Set-up 121 

15 Pars Plana Vitrectomy: RRD without PVR 131 

16 Pars Plana Vitrectomy: RRD with PVR 139 

17 Pars Plana Vitrectomy: Post-operative Management and Complications 153 

18 Pars Plana Vitrectomy for Proliferative Diabetic Retinopathy 161 

19 Macular Surgery . . . . . . . . . . . . . . . . . . . . . . . 171 

20 Pars Plana Vitrectomy for other Conditions without RRD . 181 

Bibliography . 191 

Index . 197 

vii 



Basic Information 

Basic Information 
• Retina 
• Vitreous 
• Choroid 
• Sclera 
• Anatomicallandmark5 

This chapter covers basic information on the 
anatomy and physiology of the retina, vitreous, 
choroid and sclera that we consider relevant to 
vitreo-retinal surgery. Anatomical and surgical 
landmarks are included. 

The Retina 

Anatomy and Function 

The vitreo-retinal surgeon is most often concerned 
about the effect of disease upon the function of the 
retina. Function is affected when either the retina 
detaches causing reduction of peripheral or central 
vision or, if not detached, central vision is altered by 
disturbance of the macula. The retina is classically 
described as having 10 layers: the pigment epithe­
lium, the layer of rods and cones, the external limit­
ing membrane, the outer nuclear layer, the outer 
plexiform layer, the inner nuclear layer, the inner 

plexiform layer, the ganglion-cell layer, the nerve­
fibre layer and the internal limiting membrane, 
which is nearest the vitreous cavity (Fig. 1.1a,b). 

The retina extends from the optic disc to its ante­
rior extremity, the ora serrata. The macula lutea is 
so called because of its yellow colour, which is more 
apparent in post-mortem eyes. The centre of the 
macula is the fovea, which subserves central vision. 

The pigment epithelium is a single layer of cells 
which contain a variable amount of pigment, and 
give rise to the mottled appearance of the fundus. 
There are tight junctions between the cells of the 
epithelium, which itself forms part of the blood­
ocular barrier regulating metabolic exchange 
between the retina and the choriocapillaris. 

The visual cells of the retina are the rods and 
cones; so called because of the appearance of the 
outer segments of the cells on light microscopy. On 
electron microscopy the membranes of the outer 
segments are elaborated into regular series oflamel­
lae, and make intricate cellular connections with the 
pigment epithelial cells. 

The external limiting membrane separates the cell 
bodies of the rods and cones from their nuclei. It is 
formed by the fibres of the Milller's cells, which 
form part of the cellular architecture of the retina. 

The outer nuclear layer is formed by the nuclei of 
the visual cells, which send fibres to make synaptic 
connections with dendrites of the bipolar and the 
horizontal cells in the outer plexiform layer. The 
inner nuclear layer is formed by the cell bodies of 
the bipolar cells, which synapse with the ganglion 
cells at the inner plexiform layer. Convergence of 
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neural connections results in each ganglion cell 
receiving input from a number of photo receptors. 
The dendrites from the ganglion cells form the 
nerve-fibre layer and carry processed information 
up the optic nerve. 

When a retinal detachment involves the macula, 
its function is impaired and visual acuity is reduced. 
Diseases of the macula give rise to symptoms of 
metamorphopsia (distortion), macropsia or microp­
sia (larger or smaller images) and dyschromatopsia 
(disturbance of colour). Due to disruption of the 
cone pigment epithelial relationship by the presence 
of subretinal fluid, reattachment of a detached 
macula may result in only partial recovery of visual 
acuity. 

Basic Information 
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Fig. 1.1. a Cross-section of retina to show retinal layers; b scanning electron 
microscope section of retina in the macular region. 

Blood Supply to the Retina 

The inner retina derives its blood supply from the 
retinal blood vessels and the outer retina from the 
choroid. Detached retina carries with it its own 
blood supply and can remain viable for many 
months. The retinal blood vessels do not have any 
autonomic nerve supply and blood flow is con­
trolled by autoregulation. This mechanism protects 
the perfusion of the eye against fluctuation in sys­
temic blood pressure and intraocular pressure. As in 
the brain, the vascular resistance of the blood 
vessels in the eye increases with a rise in systemic 
blood pressure, so that blood flow is not affected. 



The Retina 

Similarly, a rise in intraocular pressure leads to a 
reduction in the vascular tone to ensure that blood 
flow is maintained. 

The retinal blood vessels are situated on the inner 
aspect of the retina with capillaries supplying the 
inner layers of the retina. They often bleed into the 
vitreous cavity when retinal tears are caused by 
vitreous traction. 

Peripheral Retina 

The peripheral retina includes the ora serrata and 
the retina between the ora and the equator of the 
eye. As the majority of retinal breaks and degenera­
tion are found in this part of the retina, it is a region 
of particular importance to the retinal surgeon and 
demands painstaking observation and experience in 
interpretation. Various types of peripheral retinal 
degenerations and their relevance are described in 
Chap. 12. 

Ora Serrata 

The ora serrata is easily seen in the aphakic eye by 
indirect ophthalmoscopy, but is only seen in the 
phakic eye when pushed into view with scleral 
depression. The neuro-epithelium of the retina con­
tinues into the pars plana as the non-pigmented 
epithelium of the pars plana. The dentate processes 
that make up the ora serrata are most prominent on 
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the nasal side; on the temporal aspect they have a 
rather flat, inconspicuous appearance, particularly 
in the lower temporal quadrant. The processes show 
considerable individual variation and are less ob­
vious in children. It is important to be aware oflocal 
anatomical variations of the ora so that physical 
signs are not misinterpreted and lead to the treat­
ment of harmless conditions. The following import­
ant variations in the ora serrata may be found: 
(Fig. 1.2). 

1. Meridional folds are posterior and upward pro­
jections of full thickness retina. Occasionally 
these are associated with small round retinal 
breaks at the posterior aspect of the fold. A 
meridional complex is defined as an alignment 
of the meridional fold and a ciliary process. 

2. An enclosed oral bay formed by joined pro­
cesses. This may be mistaken for a peripheral 
retinal break. 

3. Pars plana cysts are opalescent and usually 
small. 

4. Granular tissue (tags) consists of small, whitish 
opacities of various shapes and sizes, probably 
derived from the retina itself. Such opacities are 
often found in the postoral region, particularly 
on the nasal side either on the surface of the 
retina itself or in the vitreous. They may be 
mistaken for small peripheral opercula; how­
ever, their small size, their peripheral distribu­
tion and their multiplicity are distinguishing 
features. 

d 

Fig.l 2. The ora serrata. A meridional fold 
and retinal hole is seen at a; a meridional 
complex at b; an enclosed oral bay at 
c; and a pars plana cyst at d. 
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Embryology of the Retina 

The retina is of neuro-ectodermal ongm. It is 
derived embryologically from the optic cup, which 
is an outgrowth from the forebrain. The optic cup 
consists of two layers of neuro-ectodermal cells sep­
arated by a space. The outer layer of cells eventually 
forms the retinal pigment epithelium and the inner 
layer the neuro-sensory retina. It is the potential 
space between these two layers which reopens in the 
process of retinal detachment. 

Intra retinal Apposition 

The rod and cone outer segments form intricate 
interdigitation with the retinal pigment epithelial 
cells. Electromicrographs of the retina show the pho­
toreceptor outer segment to form stacks of flattened 
membranous saccules within the retinal pigment 
epithelial cell. Although not clearly understood, the 
forces that tend to keep the retinal layers in apposi­
tion include a high choroidal osmotic pressure, 
hydrostatic forces and an active solute-linked trans­
port system activated by the retinal pigment epithe­
lium. These forces may be augmented by the 
potential binding effect of the two layers of the retina 
by the intercellular mucopolysaccharide layer. 

The efficiency of these mechanisms is shown by 
the fact that post-mortem and clinical studies have 
demonstrated that the majority of retinal breaks 
exposing the subretinal space to the vitreous cavity 
do not progress to retinal detachment. The occur­
rence of rhegmatogenous retinal detachment indi­
cates that the posterior movement of fluid across 
pigment epithelium has been exceeded by the rate 
of recruitment of fluid from the vitreous cavity. The 
more pronounced the vitreous traction upon the 
retina, the greater will be the chance of a breakdown 
of the adhesive forces; thus, retinal tears are more 
likely to proceed to retinal detachment than retinal 
holes. Also, large breaks allowing easier access for 
retro-hyaloid fluid to the subretinal space are more 
likely to lead to detachment than smaller ones. 

In spite of the apparent intricate interdigitation of 
rods and cones outer segments with the retinal 
pigment epithelium, and in spite of the rupture of 
these connections during retinal detachment, visual 
recovery is quickly restored when retinal apposition 
is re-established after surgery. 

Basic Information 

Recognising Normal and Detached Retina 

The normal retina is transparent. Retinal blood 
vessels within it are seen, as are those of the under­
lying choroid. The macula is recognised by the 
slightly darker appearance of the underlying retinal 
pigment epithelium but luteal pigmentation is more 
obvious when the retina is detached. When 
detached, the retina becomes opalescent and takes 
on a greyish hue because of intraretinal oedema and 
the retinal surface can often appear corrugated. The 
view of the underlying choroidal vasculature is 
obscured. Shallow posterior retinal detachment 
is best detected by the slit-lamp biomicroscopy 
whilst shallowly elevated peripheral retina is best 
observed using scleral indentation and indirect 
ophthalmoscopy (Fig. 1.3). 

The Vitreous 

Ultrastructure 

The vitreous humour is a transparent gel like struc­
ture occupying the posterior segment of the eye. The 
major constituents of the vitreous are water, collagen 
fibrils, glycosaminoglycans, soluble proteins and 
micro fibrils. The collagen is a protein comprised of 
three polypeptide chains arranged in a triple helix. 
There are at least 18 known types of collagen and 
more are being described. Those that make up the 
vitreous collagen are mainly type II, and type IX. The 
glycosaminoglycans such as hyaluronic acid are 
attached to the protein core of the collagen fibrils by 
non-covalent bonds. It is this interaction of the gly­
cosaminoglycans with the collagen fibrils which gives 
the vitreous its gel structure. 

In a normal young eye, the vitreous is attached to 
the whole surface of the retina, the optic-nerve head, 
the pars plana, the ciliary body, and the posterior 
lens surface. The vitreous base refers to a 4 to 5 mm 
circumferential zone of enhanced adhesion between 
the vitreous body and the pars plana, ora serrata 
and the anterior retina. With indirect ophthalmo­
scopy, the vitreous base over the retina may be 
recognised by a light-grey appearance. 

In the emmetropic adult eye, the vitreous occu­
pies a volume of approximately 4 m!. The volume 
varies with the size of the globe and is greatly 
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increased in high myopia (up to 10 ml or more). The 
dimensions of the collagen fibrils are smaller than 
the wa\,'elength of the visible spectrum of light, thus 
when the gel is normal, the vitreous is transparent 
and can only be observed on the slit-lamp or at the 
time of vitrectomy by light scatter. It is therefore 
best seen by maximising the angle between the illu­
mination and the line of observation. In the case of 
slit-lamp biomicroscopy, a widely dilated pupil is 
necessary. Even then observing vitreous in the pos­
terior cavity is difficult because the incident light 
and observation path are almost co-axial. With 
ageing of the normal vitreous, its gel like structure 
changes to a more liquid state. The collagen fibrils 
collapse together and form bundles that are large 
enough to reflect light and therefore to become 
more visible. 

Embryology of the Vitreous 

The vitreous develops in three stages. The first stage 
occurs between 3 and 6 weeks when the primary vit­
reous is derived from the inner layer of the optic 
vesicle, tissue from the lens vesicle, and mesodermal 
fibrils associated with the hyaloid artery. The 
primary vitreous persists into adult life and ulti­
mately becomes the hyaloid canal. Persistent and 
hypoplastic primary vitreous is a rare develop­
mental anomaly which may present in early infancy 
as leucocoria, vitreous haemorrhage, microphthal­
mos and glaucoma. The secondary vitreous devel­
ops in the second stage (between 3 and 10 weeks) 
and is derived from the inner neuro-ectoderm of the 
optic cup. Thus, the vitreous fibres are continuous 
with the Muller foot plates of the retina. The hyaloid 
artery system develops up to the 8-week stage and 
then atrophies in a posterior to anterior direction. 
This artery may persist after full gestation and may 
cause retro-lenticular haemorrhage, or be associated 
with localised lens opacity. The third stage occurs 
from 10 weeks. The tertiary vitreous consists of 
fibrils from the ciliary epithelium of the optic cup, 
which condenses eventually to become the suspen­
sory ligament of the lens. The close relationship 
between the development of the retina and the vitre­
ous explains, at least in part, the importance of the 
vitreous in contributing to the pattern of vitreo­
retinal surgical disease. 
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Vitreous Attachments and Detachments 

The normal vitreous is closely applied to the inner 
layers of the retina and is continuous with the inter­
nal limiting membrane. It is particularly firmly 
attached to the retina around the disc, at the macula 
to superficial retinal vessels, and at the vitreous 
base, an area that extends for approximately 2 mm 
on either side of the ora serrata; thus it is firmly 
attached to the retina posteriorly and to the pars 
plana anteriorly. The points of firm attachment of 
the vitreous have an important bearing on the 
patterns of problems arising as a consequence of 
vitreous detachment. The posterior part of the 
vitreous base is of particular importance, for it is 
here that traction is exerted if detached posterior 
vitreous swings freely at this point of anchorage. 
Enhanced adhesions to blood vessels can lead to 
avulsed loops of vessels and vitreous haemorrhage 
as a result of vitreous traction. The firm adhesion 
of the vitreous to the disc and retinal blood ves­
sels determines the configuration of fibrovascular 
proliferation in diabetic retinopathy. 

The mode of vitreous detachment is dealt with in 
Chap. 3. 

Vitreo-retinallnterface 

Traditionally it is believed that vitreous gel separates 
as a body from the retina posteriorly. The so-called 
posterior face is made of condensed vitreous cortex 
and the surface of the retina is demarcated by the 
internal limiting membrane. In most ordinary cases 
of posterior vitreous detachment, the posterior 
hyaloid does appear to have separated completely 
from the internal limiting membrane. However, 
whether or not there is complete separation of gel, or 
whether there remains a layer of cortex adherent to 
the internal limiting lamina, is controversial. In 
patients where the vitreous cortex appears to be split 
(vitreoschisis) a layer of cortex remains adherent to 
the internal limiting lamina. This layer may be ident­
ified at the time of vitrectomy. When this residual 
layer occurs at the macula the intragel cavity is known 
as the premacular bursar and is seen in posterior 
retina in cases of proliferative diabetic retinopathy. 

There is also evidence that the cleavage plane 
of posterior vitreous detachment (PVD) can occur 
at the internal limiting lamina because type IV 
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collagen (a constituent of the internal limiting 
lamina) has been found in posterior vitreous 
detachments in post-mortem eyes. In cases of 'sub­
hyaloid' haemorrhage from Terson's syndrome 
or from a macroaneurysm, the blood is located 
external to the internal limiting lamina. 

The attachments of the internal limiting lamina to 
the Muller foot plates vary in different parts of the 
retina. At the vitreous base, the collagen fibres are in 
direct continuity with the Muller foot plates, giving 
great strength of attachment to the vitreous in this 
region, thus vitreous detachment does not normally 
occur at the vitreous base. In peripheral retina, the 
inner limiting lamina is attached to the Muller cells by 
specialised tight junctions within the foot plates. 
At the posterior pole these tight junctions are 
missing. 

It is likely that the plane ofvitreo-retinal cleavage 
of posterior vitreous detachment is determined 
by the disease process inducing vitreous detach­
ment and that the actual plane of separation is 
variable. 

The Choroid 

Anatomy and Function 

The choroid is made up mainly of blood vessels and 
is firmly adherent to the retina. The blood flow 
through the choroid is high and it has been sug­
gested that this enables it to act as a 'heat sink', 
offering protection to the retina against thermal 
damage from light (and lasers) falling onto the 
retina. The blood flow through the choroid is 
responsive to metabolic changes and to the con­
centration of dissolved gases in the blood. Increased 
concentration of carbon dioxide in the blood, and to 
a lesser extent decreased concentration of oxygen, 
causes vasodilatation of the choroidal and retinal 
blood vessels. Hypocapnia induced by ventilation 
during general anaesthesia leads to vasoconstriction 
of the choroid, which is often desirable. Vaso­
constriction of the choroid is useful for surgery 
involving choroidal biopsies, the excision of intra­
ocular tumours and choroidal puncture for drainage 
of subretinal fluid during retinal detachment 
surgery. 

On the external surface of the choroid is a delicate 
layer of collagen meshwork, the suprachoroidal 
lamina, which is adherent to the sclera. The supra-
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choroidal lamina is a potential cleavage plane, and 
can be split and distended by effusion and blood 
(e.g. serous choroidal detachment and choroidal 
haemorrhage). The choroid contains numerous 
melanocytes and fibroblasts, and appears dark in 
colour on its external surface. It also contains the 
long and short posterior ciliary arteries and nerves. 
The choroidal blood vessels are supported by a 
stroma of collagen tissue with elastin and reticulin 
fibres. The arterial supply comes from the short pos­
terior ciliary arteries, which penetrate the sclera 
around the optic nerve. The venous drainage is 
organised into lobules and exits from the eye at the 
equator via the vortex veins. The vortex veins drain 
the entire choroid, and exit from the eye through an 
oblique passage through the sclera at the equator of 
the globe. The ampullae of the vortex veins are 
dilated trunks formed just before the veins exit the 
sclera. 

The blood vessels on the inner aspect of the 
choroid are made up of closely packed capillaries 
(the choriocapillaris). The capillaries of the choroid 
are fenestrated. These vessels provide nutrition to 
the outer two-thirds of the neuro-sensory retina, 
from which it is separated by a basal lamina known 
as Bruch's membrane. 

The choroid extends anteriorly to become the 
uvea of the pars plana, ciliary processes, ciliary body 
and iris. Clinically therefore, choroidal detachment 
extends further anteriorly than the ora serrata, and 
suprachoroidal blood can track anteriorly into the 
anterIor chamber via the iris root attachment to 
the scleral spur. Thus choroidal detachments may 
be drained at the pars. plana when sclerotomies 
are prepared at the beginning of a vitrectomy 
procedure. 

The Sclera 

Anatomy 

The sclera is constructed of dense collagen fibres 
running as bands in all directions. In a normal eye it 
is about 1 mm thick in the posterior part of the 
globe, but becomes progressively thinner as it 
approaches the annulus of the rectus muscle insert­
ion. It becomes slightly thicker again as it passes 
over the pars plana towards the cornea. In myopic 
and some normal eyes, the sclera is observably 
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thinned and dark radial lines of black uvea show 
through the strips of thin sclera. There are bands of 
thin sclera situated between the annulus of muscle 
insertion and the equator. Scleral buckling pro­
cedures involve the insertion of intrascleral sutures, 
placement of which is much more difficult when 
the sclera is thin: superficial sutures tending to 
cut themselves out and deep ones to perforate the 
eye. 

The surface of the sclera is criss-crossed by a 
delicate network of episcleral and scleral blood 
vessels. The anterior ciliary vessels enter the eye 
near the insertion of the rectus muscles. The exit of 
vortex veins through the sclera is by an oblique path 
and the overlying sclera often has a purple colour 
to warn of the presence of these delicate vessels. 
Injury to these vessels can give rise to choroidal 
haemorrhage and compromise intraocular cir­
culation. The sclera is perforated posteriorly by the 
long ciliary nerves and the short ciliary arteries and 
nerves. 

The sclera has little structural rigidity: the spher­
ical shape of the eye is maintained partly by the 
intraocular pressure. While the sclera is malleable, it 
does not stretch or compress easily, thus a small rise 
in intraocular volume results in a marked rise in 
intraocular pressure. A temporary rise of intra­
ocular pressure of 70 mmHg may occur with simple 
scleral indentation during indirect ophthalmoscopy 
or indentation with cryotherapy. These rises are 
temporary and usually unimportant, but the more 
sustained rise of intraocular pressure incurred when 
an explant is sutured on to an eye is more serious as 
it may stop intraocular perfusion altogether. 

Anatomical Landmarks 

External Landmarks (Fig. 1.3) 

• Pars plana 
• Ora serrata 
• Vortex veins 

The pars plana is the usual site for sclerotomies for 
vitrectomy and for intravitreal injection. The exter­
nal landmark extends from 1.5 mm behind the 
limbus and extends posteriorly for up to 6 mm. A 
sclerotomy is usually made 3.5-4 mm behind the 
limbus. 

Equator 

Fig.l 3. Important surgical landmarks. 

The ora serrata is marked by the ring of insertion 
of the rectus muscles and thus this muscle ring 
serves as a useful surface landmark for retinal 
dialysis. The location of the equator externally is 
approximately 14 mm behind the limbus. 

The location of the vortex veins is variable and 
they exit the eye posterior to the equator. The vortex 
veins are found in greatest number on the nasal 
side, the upper half being favoured more than the 
lower. The upper temporal quadrant, which is the 
commonest quadrant for the surgeon to be operat­
ing upon, has only one vortex vein. Externally this is 
closely related to the tendon of the superior oblique 
muscle. The establishment of the site of the vortex 
veins (usually determined at the time of sur­
gery because retinal detachment obscures them 
on pre-operative fundal examination) is import­
ant. If they are situated near retinal breaks they 
may be damaged during buckling or cryotherapy, 
and they may also be damaged if sited near the 
position where subretinal fluid is to be drained. 
Damage to veins can cause choroidal haemorr­
hage during surgery - the most feared operative 
complication. 

Internal Landmarks (Fi9. 1.4) 

• Long ciliary nerves 
• Short ciliary nerves and arteries 
• Vortex veins ampullae 

• Optic disc 

The long ciliary vessels, which always accompany 
the long ciliary nerves, are found in two bundles. 
They are remarkably constant in their position, 
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Fig. 1 4. The normal fundus. 

being found in the horizontal meridian of each eye, 
dividing the retina into upper and lower parts, which 
helps surgical orientation. Each bundle emerges at 
the mid-point between the optic disc and the 
equator and is usually readily seen on a fundoscopy 
because of the increased pigmentation of the side of 
the bundles as they run forward. They should be 
avoided when the surgeon is working in the region 
of the horizontal rectus muscle. Although they may 
be damaged when buckling sutures are placed or 

when sub retinal fluid is being drained, damage to 
these structures seems rare in practice. 

The short ciliary arteries are more irregular and 
variable in appearance than long ciliary arteries and 
are quite often not seen. They are usually situated 
around the vertical meridian. The short ciliary 
nerves are seen as whitish marks on the fundus and 
are often unaccompanied by the arteries which are 
more difficult to see. These vessels are of little 
significance to the surgeon. 



Anatomical Landmarks 

The vortex veins vary considerably in number 
and are readily seen in the lightly pigmented 
subject. The ampullae mark the equator of the eye. 
Retinal blood vessels serve as useful landmarks for 
the localisation of retinal breaks; a simple sketch 
can serve to localise retinal breaks, which can be 
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difficult to find per-operatively. The optic disc in a 
normal eye is about 1.5 mm in diameter and the size 
of the optic disc is often used as a convenient way of 
describing the size of a choroidal or retinal lesion. 
The view through a standard +20-dioptre indirect 
lens is approximately 12 mm in diameter. 



Examination of the Eye with Retinal 
Disease 

Examination sequence 
• External 
• Visual acuity 

• Pupils 
• Initial slit lamp 
• Indirect ophthalmoscopy & scleral depression 
• Contact and non-contact lens 
• Ultrasonography 
• X-ray, CT scan, angiography 

The clinical examination of the eye with vitreo-retinal 
disease should follow a sequence of external exam­
ination, measurement of visual acuity, testing pupil 
reactions, slit-lamp examination of the anterior 
segment followed by indirect ophthalmoscopy with 
scleral indentation, and lastly with non-contact and 
occasionally contact lens biomicroscopy. The fea­
tures of retinal detachment need to be recorded on 
retinal charts. These basic steps may be succeeded in 
some cases by special investigations including 
imaging the eye with ultrasonography, radiography, 
CT and MR scanning and fluorescein angiography. 
The examination sequence may need to be modified 
when examining special groups of patients such as 
children and mentally or physically disabled patients. 

External Examination 

A general ocular examination of both eyes is made 
with the object of excluding coexisting ocular 

disease before attention is turned specifically to the 
intraocular contents. Some eye conditions, such as 
ocular motility disorders, ptosis, proptosis and 
enophthalmos, may be better detected by external 
examination rather than with slit-lamp or indirect 
ophthalmoscopy. Similarly, extruding explants are 
usually deep in the fornices and patients may need 
to turn their eyes to extreme gaze in order to reveal 
the breach in the overlying conjunctiva. Sentinel 
vessels associated with a choroidal melanoma can 
be missed if the eye is observed through the rela­
tively high magnification of the slit-lamp. 

Measurement of Visual Acuity 

A patient with an acute retinal detachment not 
involving the macula in an otherwise normal eye is 
expected to see 6/6 corrected. Patients with recent 
detachment of the macula can often still see as well 
as 6/18 provided the detachment is shallow. Patients 
may have poor central vision from other causes 
even when the retinal detachment does not involve 
the macula. Initial visual acuity is important in audit 
and outcome measurement; it is also of medico­
legal importance and should be done on each occa­
sion that the patient attends. No perception of light 
is not always a complete contraindication to sur­
gery as sometimes absence of light perception is 
reversible (e.g. following trauma). 

Ideally, the surgeon should measure the patient's 
vision personally, at least on the first visit. The 
fluency, accuracy and the confidence of the pa­
tient in reading the chart tells much about their 
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disability. Symptoms such as distortion and blind 
spots, which are not easily quantified or measured, 
may be volunteered. Fresh intragel haemorrhage 
may not reduce the visual acuity and given time and 
with searching movement, many patients can catch 
a glimpse of the chart by looking though a relatively 
clear vista in the vitreous gel. A patient may record 
good visual acuity in the presence of gel opacities 
such as haemorrhage or hyalosis when the surgeon 
can only obtain a poor view of the retina. In con­
trast, retro-hyaloid haemorrhage can often obscure 
vision even when the bleed has been slight. 
Similarly, following a vitrectomy, an eye is essen­
tially a fluid-filled compartment and any blood 
becomes diffuse and reduces vision markedly. 

Optometrists, general medical practitioners, and 
hospital eye services commonly employ the Snellen 
chart for measuring visual acuity. Patients with 
vitreo-retinal disease, however, often have poor 
central vision and a low visual acuity. On the Snellen 
chart there are fewer letters at the lower visual 
acuities and this makes measurements unreliable. 
There is also a huge gap between the level of 6160 
and level of counting fingers. It is recommended 
that patients with poorer visual acuity be tested at a 
reduced distance of say 1 metre. A visual acuity 
recorded as 1/60 is more probably more reliable 
than one noted as Hand Movements. Similarly a 
vision of 1118 is more informative than <6160. 

Increasingly in teaching hospital eye units, the 
EDTRS chart is being adopted. The chart is designed 
with equal number letters in each line and a log­
arithmic progression from one line to the next. It is 
more reliable for measuring low vision and more 
amenable to statistical analysis. It should be used if 
one wishes to measure subtle change in visual acuity 
from one occasion to another. Some types of vitreo­
retinal surgery only produce marginal improvement 
in visual acuity, e.g. submacular surgery. The 
benefits might only be measurable using the EDTRS 
chart with a reduced working distance. The use of 
this chart pre- and post-operatively adds weight to 
scientific clinical studies (Fig. 2.1). 

The Pupils 

Of the many pupillary abnormalities, the vitreo­
retinal surgeon is most interested in a defect in the 
integrity of the afferent pathway. The Swinging 
Torch Test is the most informative. Relative 
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Fig. 2.1. The EDTRS chart. 

Afferent Pupil Defects (RAPD) are best elicited 
using a relatively strong light, e.g. that provided by 
the indirect ophthalmoscope is convenient. Patients 
are examined in a darkened room and asked to fix 
in the distance. Although this is a test for the con­
sensual light reflex, one only needs to observe the 
eye that is illuminated by the light (Fig. 2.2). 

A positive RAPD is given by the paradoxical 
reaction of a pupil dilating when light is shone 
through it. A positive reaction is also given by the 
constriction of pupil of the contralateral unaffected 
eye. This latter sign is less reliable because often 
there is a momentary dilatation of the pupil as the 
torch is swung from one eye to the other. The 
normal reaction of the pupil to the Swinging Torch 
Test is a slight constriction. Nonetheless, if the pupil 
of the affected side is unavailable for examination 
because of iris damage, efferent defect or mydriasis, 
and the reaction of the fellow eye is that of marked 
constriction, then an RAPD should be strongly 
suspected. 

The RAPD test is sensitive for optic nerve disease 
but is not particularly so for retinal detachment. 
Essentially it compares one eye with another and the 
pupil response to light is a mass reaction from the 
whole retina. For example, it may not reliably detect 
a peripheral retinal detachment if the macula is not 
detached although as much as half the retina may be 
elevated. Similarly, a patient with atrophic macular 
degeneration and a vision of 6160 in one eye and 616 
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Fig. 2.2. Pupil reactions. 

in the fellow eye may not exhibit an RAPD. This 
might be due to the fact that both maculae are 
affected by age-related changes although the actual 
visual acuity is very different. It is also important to 
appreciate that the presence of media opacity such 
as cataract formation or vitreous haemorrhage does 
not normally give rise to a RAPD when a bright light 
source is used. If an RAPD is present, it is vital to 
carry out ultrasound to elucidate the cause for the 
decreased sensory input on the affected side. 

However, the availability of special investigations 
such as ultrasonography, electrodiagnostic tests and 
magnetic resonance scans does not diminish the 
importance of the clinical test of pupil reactions. A 
reliable positive RAPD sign carries considerable 
weight in establishing a diagnosis and in deciding 
upon treatments. 

Slit-Lamp Examination 

Using the slit-lamp, the examination of the cornea, 
anterior chamber, lens, iris, diaphragm, retro-Iental 
space and the anterior vitreous is made. 

Examination of the anterior third of the vitreous 
for its cellular content, state of degeneration and 
whether or not vitreous detachment is present, is 
enhanced by setting the gel in motion by asking the 

patient to look up and down. The vitreous may be 
optically empty in Stickler Syndrome cases. 

Details of other anterior segment findings are 
given in Chap. 4. 

Indirect Ophthalmoscopy and Scleral 
Depression 

Examination of the retina should be conducted in a 
darkened room using indirect ophthalmoscopy and 
scleral indentation, and sufficient time should be 
given for the examination to be performed ade­
quately. The posterior two thirds of the vitreous 
cavity and the vitreo-retinal interfaces are examined 
with contact and non-contact lenses. Indirect oph­
thalmoscopy is the most important clinical skill 
upon which a vitreo-retinal surgeon relies for the 
assessment and treatment of retinal detachment. 
Proficiency with its use requires a basic understand­
ing of the optics. Direct and indirect ophthalmo­
scopy and biomicroscopy using say a +90 dioptre 
lens all make use of Gullstrand optics. In essence, 
the illumination beam and the line of sight must be 
separated by an angle; otherwise, specular reflection 
would prevent viewing. The smaller the angle of 
separation between the illumination and line of 
sight, the more glare will be reflected back from the 
examination lens, the cornea and the crystalline 
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lens. For the direct ophthalmoscope, the angle of 
separation is determined by the slight tilt of the 
mirror reflecting light into the pupil. This angle is 
relatively small. The fundus is seen even when the 
pupil is relatively small. Viewing is monocular and 
there is no depth perception. The image is erect, 
virtual and relatively large and the field is relatively 
small. For the indirect ophthalmoscope, a triangle is 
formed at the pupil by the illuminating beam and 
two lines of sight one for each eye of the observer. 
This triangle is relatively large and the pupil needs 
to be correspondingly dilated to admit this triangle. 
A smaller pupil means that either the illuminating 
beam is admitted and there is no view, or the lines 
of sight are admitted and the field is dark. The use of 
the hand held lens forms a real, inverted image in 

a 

b 
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free space a few inches from the observer. The +3.00 
eye pieces incorporated in ophthalmoscope permit 
comfortable viewing. (Fig. 2.3 a,b) 

Viewing Peripheral Retina: Basic Principles 

With a widely dilated pupil, viewing of the posterior 
pole is not a problem. When the eye being examined 
is looking to one side, as when the peripheral retina 
is examined, the pupil changes from a round to an 
oval aperture. It becomes difficult to view the retina 
binocularly but it is possible to use the ophthalmo­
scope as a monocular instrument. To do this, the 
observer aligns the illuminating light beam and 
the line of sight of one eye along the long axis of 

Fig. 2.3. a The optics olthe indirect ophthalmoscope; b small pupil viewing. 
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the patient's pupil. It is essential for the observer to 
be correctly positioned to facilitate the examination. 
For example, to see the superior periphery of the 
right eye, the examiner should be standing on the 
patients right side and tilt his head to align the one 
limb of the triangle to fit into the oval projection 
of the pupil (Fig. 2.3b). The examiner moves around 
the patient who needs to be lying down. This basic 
technique combined with scleral indentation should 
allow complete examination of the pre-equatorial 
retina up to and including the ora serrata (Fig. 2.4). 

Optics of Viewing through Small Pupils 

There are modifications to the modern indirect oph­
thalmoscope that have made viewing the periphery 
easier. Some ophthalmoscopes are fitted with an 
adjustment for bringing together the two lines of 
sight. This reduces the base of the triangle enabling 
binocular viewing of the peripheral retina. This is at 
the expense of stereopsis as the two eyes of the 
observers are effectively brought closer together by 
the use of prisms. This adjustment should however, 
not be confused with the adjustment for inter­
pupillary distance. Other ophthalmoscopes move 
the illuminating light beam closer to the two eye-

Fig. 2.4. Indirect ophthalmoscopy. Note the examiner's head tilt 
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pieces for small pupil viewing. This reduces the 
height of the triangle. The illuminating light beam 
usually needs to be narrower otherwise specular 
reflection causes glare. Thus, a narrower illuminat­
ing beam for peripheral viewing or for small pupils 
is chosen. 

The correct use of the hand lens can also help 
viewing of the peripheral retina. These are powerful 
converging lenses and as such have a prismatic 
effect. The lenses are usually placed centrally over 
the pupil for viewing the posterior retina. When 
examining the pre-equatorial retina, the lens is 
placed eccentrically to make use of the prismatic 
effect. The rule is to move the lens towards the 
direction of gaze. If the patient's eye is looking 
upward as when the superior retina is examined, 
then displacing the hand-held lens upwards slightly 
will bring into view more of the peripheral retina. 
The more powerful the hand-held lens, the greater is 
this prismatic effect. Using the more powerful hand­
held lenses (the +28 D or the +30 D instead of the 
usual +20 D lens) will converge the beam and minih' 
the triangle when projected into the pupil, therel i 

allowing the retina to be viewed through smalh 
pupils. 

Magnification and Image Size 

The image of the retina through more powerful 
lenses is smaller. By adjusting the observing dis­
tance, magnification of smaller image can be 
obtained through a given hand-held lens. The rule 
is to move the observer's head closer and the hand­
held lens closer to the patient's eye to obtain a larger 
image. By moving closer to the patient, the real and 
inverted image in space is closer to the ophthalmo­
scope and greater magnification is achieved by 
accommodation of the examiner's own eyes. 

Choice of Hand-held Lenses 

A +20 dioptre lens gives the best compromise in 
terms of the size of image obtained, stereopsis and 
the ability to see through a reasonably dilated pupil 
without being monocular. The +28 dioptre hand­
held lens is better for smaller pupils especially for 
viewing the periphery and is particularly useful in 
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gas-filled eyes and for the examination of small 
children. 

Scleral Indentation 

There are two main purposes for this examination: 

• It allows viewing of peripheral retina. 
• It introduces a dynamic aspect to the examina­

tion to facilitate break detection and pre-surgical 
planning. 

Examination of the fundus should start at the 
periphery allowing time for the patients to become 
adjusted to the relatively bright light. This illumina­
tion should be turned down to view the macula. Be 
kind with the light, which can seem unbearable to a 
patient with a fully dilated pupil and positively 
searing to another with an inflamed eye. No fundal 
view is possible when the patient's eye is tightly 
shut! Indirect ophthalmoscopy should be performed 
initially without scleral indentation. It is only when 
the patient has become adjusted to the bright 
light and is at ease that scleral depression should be 
used. 

Techniques of Scleral Indentation 

When a patient is asked to look up or down, the lid 
sulcus becomes deep and virtually obliterated and it 
is difficult and often painful to insinuate the inden­
tator into this sulcus. With the eye in the primary 
position, more of the equator of the eye is exposed 
and it is relatively easy to indent patients even tllOse 
with deep-set eyes. The trick is not to ask the patient 
to look in extreme gaze, but for the examiner to tilt 
his head to achieve peripheral viewing. Gentle 
indentation is all that is necessary to bring the equa­
torial retina into view. To see the ora serrata, the 
patient is asked to look further up down or side­
ways. This automatically brings the anterior retina 
into view without moving the scleral depressor. The 
view of the 3 and 9 o'clock positions opposite the 
medial or lateral canthus are exposed and indenta­
tion through the lid is impossible. This can usually 
be circumvented by asking the patient to look 
slightly up or down. The experienced ophthal­
moscopist appreciates that the more gentle is the 
indentation, the more is seen of the periphery. 

Examination olthe Eye with Retinal Disease 

Break Detection and Assessment 

Scleral indentation helps with the detection of 
retinal breaks. (Fig. 2.5) This applies particularly to 
the case of retinal tears with overlying opercula. In 
highly detached retina, the operculum can obscure 
the view of a small U-shaped tear. It is only by 
scleral indentation and distorting the overlying 
retina that the 'lid' is displaced to reveal the 
opening. Small atrophic holes can easily be missed 
but for scleral indentation. By mounting these holes 
on the indent, the presence of the hole will be 
demonstrated as a small gap in the retina when it is 
seen in profile. Conversely, a retinal dialysis can be 
closed easily by the scleral depression and escape 
detection. A gap in the anterior insertion of the 
retina is only revealed by observing the down-slope 
on either side of the indent. 

The scleral depressor, the tip of which is approx­
imately 5 mm in width enables an estimate to be 
made of the size of the buckle required to close the 
retinal break. The ability to approximate pig­
ment epithelium to neuro-epithelium helps to 
decide whether a non-drainage operation can be 
performed. 

Biomicroscopy Using Non-Contact 
and Three-Mirror Contact Lenses 

Non-contact hand-held lenses have several 
advantages: 

• Allow binocular viewing of the retina at high 
magnification. 

• Allow a view of the retina through small pupils. 

• Acceptable to patient. 

The disadvantages include: 

• The illuminated field of view through small 
pupils is small and is inefficient for a complete 
survey of the retina. 

• The more powerful lenses (e.g. +90 D) have poor 
axial magnification and it can be difficult to 
detect subtle elevation of the retina (e.g. clinic­
ally significant oedema). 

Like the indirect ophthalmoscope, biomicroscopy 
using the hand-held lenses relies on Gullstrand 
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a 

Fig. 2.Sa-c. Scleral depression. Radial and circumferential movement of the 
depressor aids break detection. 

optics. Although it is possible to obtain a view of the 
retina through a small pupil, the illuminated area 
needs to be small to avoid specular reflection. For a 
thorough survey of the whole retina, mydriasis is 
mandatory. 

The hand-held lenses are useful tools for exam­
ination of the posterior pole. The +90 dioptre lens 
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and the +78 provide a wide field of view. They are 
useful for the detection of shallow retinal detach­
ments' macular holes, perivascular or peripapillary 
breaks in the high myope. The +60 lenses give 
slightly better axial magnification and are used for 
detecting subtle elevation of the retina. 

Hand-held lenses may be useful in photocoagula­
tion of patients who are intolerant of contact lenses. 

Three-mirror contact lens examination has the 
following advantages but is used much less today: 

• Magnification allows small break detection. 
• Magnification allows break detection when the 

choroidal reflex has been diminished by previous 
surgery 

• Axial magnification is useful for detecting shal­
lowly elevated macular lesions 

The difficulties in three-mirror examinations are: 

• The contact lens is not particularly well tolerated 
in recently operated eyes. 

• Severe squeezing interferes with the examination. 

The three-mirror examination provides a view of 
the periphery at a higher magnification than that 
afforded by any of the hand held lenses. It is useful 
for the detection of small breaks, and especially suit­
able for cases in which the choroidal reflex has been 
whitened by previous retinopexy. 

The central area through a Goldmann three­
mirror lens can also be helpful in assessing macular 
disease, e.g. macular holes and cystoid macular 
oedema. Although the same view can be obtained 
using +90 lens, the Goldmann lens gives greater 
axial magnification. Subtle elevation of the retina 
associated with the cuff of subretinal fluid around a 
stage III macular hole or foveolar detachment in 
stage I disease can be detected. The most obtuse of 
the three mirrors also provides view of the anterior 
chamber angle and can provide a useful assessment 
of patients with coincidental glaucoma. 

Three-mirror examination should not be per­
formed within hours of surgery as it may make the 
cornea somewhat hazier and interfere with surgery. 

Retinal Charts 

A retinal drawing is made of the eye with retinal 
detachment prior to surgery. By thus identifying 
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breaks and other landmarks, the time spent by the 
surgeon in becoming completely familiar with the 
retina to be operated upon will result in much saving 
of time during the operation itself. Making a chart 
obviates against the temptation for a cursory fundal 
examination prior to surgery. Charts are also useful 

• As a learning exercise to the ophthalmologist in 
training as it ensures a commitment of physical 
signs to a formal record. 

• As a research record 
• As a medico-legal record. 

The assessment of the findings of indirect ophthal­
moscopy is often confusing to the beginner, the view 
of the retina being vertically inverted and laterally 
reversed by the indirect ophthalmoscope. This pre­
operative difficulty is overcome by placing the retinal 
chart on the patient in the upside down position 
during the examination. Thus, when the patient looks 
down with the surgeon standing above, details of the 
inferior retina will be indicated on the part of chart 
nearest the surgeon (and this will correspond to 
inferior retina in the transposed retinal chart). As the 
surgeon moves progressively around the eye, further 
details will be added sequentially to the chart. 

When the retinal detachment has been accurately 
charted, it should be possible to form a clear-cut idea 
of what needs to be done at surgery. If there is a period 
of bed-rest before operation, it will be necessary to 
re-examine the retina before surgery. If subretinal 
fluid has been redistributed by bed-rest, the appear­
ance of the retinal detachment may have changed dra­
matically, and the surgeon will need to be familiarised 
with the new conditions prior to operation. 

Direct Ophthalmoscopy 

Direct ophthalmoscopy is of little use in examining 
the detached retina but on occasions may be of help 
in patients with small pupils. Its role has largely 
been replaced by slit-lamp biomicroscopy using 
hand-held lenses. 

Visual Fields 

Visual fields have little part to play in the diagnosis 
of retinal detachment or other vitreo-retinal surgical 
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disorders. The peripheral field will only start to 
become affected when retinal detachment has ex­
tended posterior to the equator. Visual fields are 
sometimes used to document the extent of periph­
eral visual loss associated with retinoschisis. 

Transillumination 

Transillumination is of value in distinguishing 
between a rhegmatogenous and a solid non­
rhegmatogenous retinal detachment. A cold light 
source should be used and the guarded light pipe 
should be applied directly on the anaesthetised 
cornea to give a good result. The lids should be well 
retracted to see the posterior limit of any solid 
lesion and the patient should be asked to look in 
extreme gaze. Transillumination gives supportive 
evidence of a solid lesion to imaging by ultra­
sonography. 

Examining Childr,en 

In rare cases when retinal detachment occurs in very 
young children, the examination poses particular 
problems. The child may be uncooperative and is 
usually apprehensive. This apprehension may be 
partially relieved by the presence of a calm parent. 
In these conditions, the examination must not be 
allowed to take too long and the subject's con­
fidence in the examill€'r must be built up slowly. 
Similarly, mentally disabled patients are unable to 
give their full co-operation. With patience, it may be 
possible to examine the retina in detail. Only the 
very gentlest scleral depression should be practised, 
indeed, often it is not possible to do so at all. In 
many cases, it is only possible to make a general 
examination of the fundus and a detailed examina­
tion has to be deferred until the patient is anaes­
thetised. Indirect ophthalmoscopic examination can 
be made with scleral depression and a fundal chart 
completed in the operating room. 

Special Investigations 

After a basic clinical examination, special investiga­
tions may be necessary. There are limited and 
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specific indications for radiography but where 
fundal view is seriously impaired ultrasonography is 
mandatory. 

The need to carry out assessment of vitreo-retinal 
surgical conditions complicated by opaque media is 
a frequent occurrence. Ultrasonography should be 
within the competence of every retinal surgeon. 

Ultrasonography 

The skills of performing the ultrasound examination 
and interpretation of the findings can be acquired 
by the vitreo-retinal surgeon through practice. 
Scanners should therefore be easily available where 
patients are examined. Conditions identified by 
ultrasonography need to be confirmed by the 
findings at surgery and this feedback is essential in 
building up confidence in diagnosis. 

The Basic Principles of Ultrasonography 

Ultrasonography uses pezo-electric crystals to gener­
ate a beam of ultrasound wave (interrogating beam) 
directed into the eye and orbit. A transducer is used 
to 'listen' to the echoes of sound waves reflected back 
by the different structure within the globe (reflected 
beam). The strength of the echoes reflected back 
from an interface between two structures depends on 
the impedance, which in turn depends on the differ­
ence in the velocity of the ultrasound travelling from 
one medium into another. The healthy vitreous gel is 
relatively homogenous and produces little echo. The 
strength of the reflected ultrasound wave depends 
also on the angle of incidence and reflection. If an 
ultrasound beam is incident almost at right angles to 
an interface, more of the beam will be reflected back 
to the transducer to produce an echo. Thus, dynamic 
studies are necessary to detect mobile structures in 
order to present surfaces perpendicular to the inter­
rogating ultrasound beam. With eye movement, 
structures with low impedance such as the posterior 
vitreous face can be seen. 

Equipment Setting 

For vitreo-retinal assessment B-mode ultrasono­
graphy is commonly used. Modern B mode ultra-
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sound scan either make use of an array of transducers 
or motorised transducers to give an oscillatory or 
rotatory sweep and provide good lateral resolution. 
For vitreo-retinal work a lO-MHz weakly focused 
probe gives the best images. Most scanners have con­
trols to modulate and enhance the echoes from 
deeper structure. The profile of this enhancement is 
given by the gain curve, which can be adjusted to give 
better resolution of the structures within the vitreous 
cavity. 

Performing the Scan 

It is important to adopt a standard approach and 
perform the scan in a set sequence. 

The ultrasound probe is clearly annotated to indi­
cate the direction of scanning and its orientation 
with respect to the display on the monitor. The 
patient being can be examined seated or supine. 
Sufficient coupling gel should be used to provide 
good contact. The patient should be asked to look 
down with eyes opened and the probe should be 
applied to the upper lid. The upper part of the 
fundus is best examined through the lower lid and 
with the eye looking up. Horizontal scans are 
usually taken to build up a three-dimensional image 
in the clinician's mind. Additional vertical and 
oblique scans may give extra information. Although 
modern scanners have good lateral resolution, the 
best image is acquired with the centre of the beam. 
If the area of interest is the upper nasal quadrant, 
the patient should be asked to look up and nasally. 
The largest cross section of the globe should be 
obtained. With dynamic B mode, cross sections 
including the optic nerve will confirm the eye move­
ment and the mobility of other structures can be 
assessed relative to the eye movements. 

The way a structure moves also give valuable infor­
mation as to its identity. Vitreous gel with a com­
pleted vitreous detachment moves in a characteristic 
undulating pattern. The movement of the posterior 
vitreous face lags behind movement of the eye wall 
and typically continues to move when the eye stops. 
The movement of retro-hyaloid blood can best be 
described as Brownian. Fine 'speckles' of echoes from 
blood cells seem to move in random directions wafted 
along by intraocular currents. The vitreous gel can 
sometimes be ultrasonically silent and the detached 
vitreous gel can be highlighted as 'negative' image by 
retro-hyaloid blood; the vitreous gel occupies the 



20 

Checklist 

• Use sufficient coupling gel to get good 
contact. 

• Note the direction of scanning: the 
position of the probe corresponding to the 
display on the monitor. 

• Position the scanner to obtain the largest 
diameter of the globe. 

• Locate the optic nerve and describe the 
findings relative to this landmark. 

• Take a series of horizontal scans and 
supplement this with vertical and oblique 
sections to build up a three-dimension 
picture of the globe. 

• Use dynamic studies with eye movements 
to acquire further information. 

• Make use of the centre of the ultrasound 
beam. 

vitreous cavity where there are no echoes. The pres­
ence of retro-hyaloid blood may therefore be useful 
when assessing the extent of posterior vitreous 
detachment in cases of proliferative diabetic retinopa­
thy. 

Interpretation of Ultrasound Findings 

When interpreting the ultrasound images, consider 
the following: 

1. Other findings on clinical examination. 
2. Familiarise the images obtained by standard 

setting. 
3. Use image processing to get more information. 
4. Change the settings where appropriate. 
5. Beware of artefacts, e.g. intraocular lenses, 

foreign bodies and internal tamponade agents. 

The interpretation of the findings on ultrasono­
graphy needs to take into account the history and 
physical signs elicited on clinical examination. The 
mode of visual loss, the level of vision, gross exam­
ination of visual field and pupil reaction all con­
tribute to establish the diagnosis. For example, a 
common diagnostic difficulty with ultrasonography 
is the distinction between vitreous and retinal 
detachment. In cases of longstanding vitreous 
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haemorrhage, the posterior vitreous face could give 
rise to high echoes, which might be confused with a 
total retinal detachment. If there was a marked 
afferent pupil defect then the weight of evidence 
would point to a retinal detachment. 

Many ultrasound scanners permit processing of 
the ultrasound image after it has been acquired. 
Weak signals can be boosted and may highlight fea­
tures hidden by surrounding high echoes. For 
example, reducing the power of the interrogating 
ultrasound beam can sometimes reveal pathological 
calcification or foreign bodies. The permutations of 
setting provide more information from a given cap­
tured image. The clinician should however get used 
to the appearance of normal and pathological struc­
tures with a standardised setting. The interpretations 
of the scans need to be validated by feedback 
obtained from operative findings before experiment­
ing with altering the appearances of the scanned 
images. By changing the setting from case to case, it 
can be confusing to interpret the scans. Vitreous face 
can be adjusted to appear as retina and vice versa. 
Most scanners allowed a set of standardised settings 
to be saved such that the same settings will be avail­
able on starting the machine each time. 

Image Artefacts: Pattern Recognition 

The following conditions produce clearly ident­
ifiable patterns: 

• Fresh retinal detachment 
• Posterior vitreous detachment 
• Longstanding retinal detachments 
• Choroidal detachments 
• Diabetic vitreous haemorrhage 
• Vitreous incarceration 
• Uveitis, retro-hyaloid blood, emulsified silicone 

oil droplets, asteroid hyalosis 
• Trauma and intraocular foreign bodies 
• Solid detachments 

• Phthisis bulbi 

Much of the interpretation of ultrasound images 
of the eye is about pattern recognition. 

PVD and Retinal Detachment 

A freshly detached vitreous gel has a free undulating 
movement and the posterior vitreous face is recog-
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nised by a weakly echogenic interface mapping out a 
sinusoidal wave like motion (Fig. 2.6a). A retinal 
detachment has a stronger echo and is recognised by 
its insertion at the disc and the ora serrata. A long­
standing retinal detachment (Fig. 2.6b) assumes a 
triangular configuration with reduced mobility. In 
advanced cases, the leaves of the retina are seen to 
be apposed in front of the optic nerve head. The 
freshly detached retina with a bullous configuration 
has a similar pattern to the detached vitreous gel but 
the gel itself is often visible anterior to it. Sometimes 
a cross section of the vitreous cavity can slice across 
two or more folds of highly detached retina and give 
rise to a confusing picture with multiple echo inter­
faces on the scans. 

Choroidal Detachment (Fig. 2.6c) 

Choroidal detachments usually extend into the pars 
plana and characteristically give rise to a more ver­
tical angle than retinal detachment. The detached 
choroid moves with eye movement and a give rise 
to a juddering rather than the undulating motion 
more typical of the vitreous or retina. Very rarely, 
one can also image the neuro-vascular bundle of the 
long ciliary nerves and vessels. 

Proliferative Diabetic Retinopathy (Fig. 2.6d) 

In eyes with proliferative diabetic retinopathy, espe­
cially those with fundal view obscured by vitreous 
haemorrhage, B-mode scan is helpful in deter­
mining the extent of posterior vitreous detachment 
and assessing the complexity of tractional retinal 
detachment. Such information will be useful for sur­
gical planning. In an eye with a first time vitreous 
haemorrhage, the diabetic hyaloid is almost invari­
ably attached at the disc; this helps to differentiate it 
from other causes of haemorrhage such as posterior 
vitreous detachment and retinal tears. 

Trauma and Intraocular Foreign Bodies 

In severe posterior segment injury, ultrasound 
investigation can reveal anatomical disruption 
including vitreous incarceration, the presence of 
choroidal detachment, suprachoroidal blood and 
the position and integrity of the crystalline lens. By 
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its very nature, ultrasonography is not efficient in 
detecting foreign bodies. Even with serial sections, 
it is difficult to be sure that every aspect of the eye 
has been interrogated. Because of their geometric 
shape, a foreign body can scatter ultrasound beam 
and thereby escape detection. Where a foreign body 
is radio-opaque a CT scan would be the investiga­
tion of choice. 

Uveitis, Retro-hyaloid Blood, Silicone Oil 
Droplets and Asteroid Hyaloids 

High speckled echoes are produced in posterior 
uveitis by cellular infiltration of the vitreous cavity 
(Fig. 2.6e). Similarly, asteroid hyalosis produces 
strong speckled echoes and highlights the move­
ment of detached vitreous gel. Another example of 
high speckled echoes is provided for by emulsified 
droplets. These droplets are suspended in a fluid­
filled cavity and adopt the Brownian movements, in 
all directions, not dissimilar to those produced by 
retro-hyaloid blood. 

Solid Detachments 

Ultrasound examination is also useful in the differen­
tial diagnosis of solid detachment. The clinical differ­
ential diagnosis is between choroidal haem angioma, 
metastatic deposits, malignant choroidal melanoma 
and a disciform subretinal neovascularisation com­
plex. This task can be made more difficult in the pres­
ence of an obscured media. For example, disciform 
membranes can bleed into the vitreous cavity obscur­
ing fundal view. Ultrasound examination of these 
cases often reveals the presence of Bruch's membrane 
rupture. This is shown on the ultrasound scans as two 
echoes on either side of the lesion forming an acute 
angle with the retinal surface. A break through the 
basement membrane of the retina is also observed 
with choroidal melanoma. In these instances, the 
melanoma often has a collar stud appearance. A 
choroidal melanoma with an intact overlying Bruch's 
membrane usually has a hemispherical shape and the 
lesion can be either ultrasonically solid or empty. 
Choroidal excavation is sometimes detected. Meta­
static deposits are usually located in the posterior 
pole and generally have irregular shape and a low 
profile. 
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Fig. 2.6a. Part iv. 
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Fig. 2.6e. Uveitis from dropped lens fragments. 

Simply because a lesion is ultrasonically empty 
does not mean that it is a cystic lesion and that it is 
not as it were a 'solid' detachment. The absence of 
echoes within the lesion simply indicates the tissue 
is ultrasonically homogenous. This is taken to indi­
cate slow growth. Rapid tumour growth can be asso­
ciated with areas of necrosis within the lesion as the 
tumour outgrows its blood supply. The tumour 
become ultrasonically heterogeneous and produces 
high echoes within the lesion. 

Phthisis Bulbi 

Grossly thickened eye walls presumably from con­
gested choroid in small globes with retinal detach­
ments indicate phthisis. 

Image Artefacts 

There are a number of image artefacts of which to 
be wary. Intraocular lenses present a large specular 
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reflecting surface to an interrogating ultrasound 
beam. It can cause ringing echoes like a hall of 
mirrors with the ultrasound beam bouncing back­
wards and forwards between the lens surface and the 
transducer. The crystalline lens can also cause dis­
tortion of image. The velocity of ultrasound through 
the lens is faster than through vitreous and the inter­
rogating beam is refracted as well as reflected 
(Baum's bumps). The surface of the retina appears 
as a saucer shaped elevation behind the crystalline 
lens. Irregular shaped foreign bodies scatter as well 
as absorb the ultrasound beam and can give rise to 
ultrasonic shadows. Some foreign bodies are 
identified by the shadow they cast rather than by the 
high echoes produced at the site where they are 
located. The presence of internal tamponade agents 
can cause difficulty in imaging the structures of the 
eye. Ultrasound energy is absorbed by gas and usually 
this 'blocks' the ultrasound beam from interrogating 
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structures lying behind a bubble. The velocity through 
silicone oil is greatly reduced and the time lapse 
between sending an interrogating wave and receiving 
its echoes is increased. This gives an artificially 
lengthened image of the eye. B-mode ultrasonography 
of silicone-filled eyes is of very limited value. 

Do your own ultrasonography and learn 
to recognise the different patterns. 

X-Ray and Computerised Tomography 

When ocular penetration has occurred and an 
intraocular foreign body is suspected a full clinical 
examination including indirect ophthalmoscopy 
should be carried out through dilated pupils before 

Fig. 2.7. Plain radiograph to show metallic eye intraocular foreign body. 
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considering special investigations. The fundal view 
is often obscured by media opacity such as cataract 
and vitreous haemorrhage. A plain radiograph 
(Fig. 2.7) will confirm the presence and number of 
radio-opaque foreign bodies including glass with a 
high lead content. CT imaging of the eye is the only 
effective method of determining whether a radio­
opaque foreign body is in the vitreous cavity, 
impacted in the eye wall or outside the globe when 
a fundal view cannot be obtained. A precise know-

a 

b 

Fig. 2.8. CT scan to show: a intraocular foreign body; b extraocular foreign 
body. 
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ledge of the location of the foreign body is import­
ant for the planning of surgery for its removal. 
(Fig. 2.8) 

MRI 

MRI is useful for the detection of non-metallic 
foreign bodies. (Fig. 2.9) 

Fluorescein Angiography 

Fluorescein angiography is of little help in the 
diagnosis or assessment of rhegmatogenous retinal 
detachment but may be helpful in a variety of other 
conditions with which the vitreo-retinal surgeon 
may be involved. Exudative retinal detachment is an 
important differential diagnosis in some cases 
of retinal detachment and fluorescein angio­
graphy may be help in detecting Harada's diseases, 
choroidal effusion syndrome and sympathetic 
ophthalmia. 

Macular Pathology 

Angiography may be useful in cases of macular 
pucker, not only to detect whether the pucker is 
primary or secondary (e.g. to branch vein occlu­
sion), but also to detect leakage from vessels and 
pigment epithelial damage that may indicate a 
worse prognosis. It is essential to define the extent 
and activity of submacular neovascularisation in 
cases in which surgery is contemplated. It helps 
in the differential diagnosis of full thickness 
macular hole, a clinical appearance of which can be 
mimicked by cystoid macular oedema or holes in 
epimacular membranes. 
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Fig. 2.9. NMR image of a non-metallic foreign body. 



Rhegmatogenous Retinal Detachment 
(RRD): Patho enesis and Clinical Features 

RRD - Pathogenesis and Clinical Features 
• Vitreous detachment 
• Retinal brea ks 
• Subretinal flu id - formation and spread 
• RRD risk factors 
• Symptomatology 

Definition 

Retinal detachment occurs when fluid accumulates 
between the photoreceptor and pigment epithelial 
cell layers of the retina; in rhegmatogenous retinal 
detachment (RRD) the fluid accumulates after a 
break has formed in the photoreceptor layer. 

Incidence 

RRD occurs in approximately 1 in 10000 of the UK 
population per year. 

Pathogenesis of RRD 

In most cases the sequence of events resulting in 
RRD starts with vitreous degeneration which in turn 
causes vitreous collapse resulting in posterior vitre-

ous detachment (PVD). PVD may produce traction 
on the underlying retina causing break formation or 
activation of an existing break. Fluid from the vitre­
ous compartment enters the subretinal space via the 

Fig. 3.1. The pathogenesis of rhegmatogenous retinal detachment. 
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Fig. 3.2. The sequence of posterior vitreous detachment, retinal break formation and retinal detachment. 

retinal break producing retinal detachment. The 
three main components of the pathogenesis of RRD 
(Fig. 3.1), vitreous detachment, break formation and 
the accumulation of sub retinal fluid (SRF; Fig. 3.2), 
will now be considered in more detail. 

Vitreous Detachment 

Simple 

Vitreous detachment occurs as a consequence of 
vitreous degeneration and collapse. It may be con­
sidered as a normal ageing change of the gel as 
approximately two out of three people over the age 
of 40 can be expected to develop vitreous detach­
ment. The normal interaction between hyaluronic 
acid and the collagen content of the vitreous gel 
breaks down. The collagen fibrils tend to condense 
and the gel itself becomes more fluid. Spaces form 
within it (lacunae) and the normal vitreous architec­
ture is lost. Any event that alters the normal gel 
structure will promote vitreous detachment (e.g. 
age, myopia, trauma, uveitis). Although the link 
between vitreous detachment and retinal detach­
ment is clear, the mechanism of production and 
progression of vitreous detachment is still poorly 
understood. Separation from the disc induces a cir­
cular opacity in the posterior hyaloid face (Weiss 
ring). The presence of this opacity is the only sure 
way to diagnose complete posterior vitreous detach­
ment. Vitreous may herniate backwards through 
dehiscences in the posterior hyaloid. Saccadic and 
other eye movements causing continual rotational 
movement of the gel results in pulling forces upon 
points of attachment - dynamic vitreo-retinal 
traction. Occasionally, vitreous detachment is 

incomplete and the vitreous remains firmly adherent 
to the posterior pole and the macular region. This 
partial gel detachment may result in tractional retinal 
elevation of the macular area (the vitreomacular 
tractional syndrome). 

Complex 

Complex PVD occurs when vitreous separation 
arises in the presence of retinal disease, which pre­
vents complete gel separation from the retinal 
surface. Points of firm attachment of gel to retina 
occur, for example, at neovascular complexes (Fig. 
3.3a), choroidoretinal inflammatory foci and retina 
affected by trauma either contusive or penetrating. 
Progressive contraction of gel increases traction on 
these areas which may result in tractional retinal 
detachment, tractional retinoschisis or RRD. Mixed 
retinal pictures can occur. The occurrence of both 
simple and complex posterior vitreous detachment 
demonstrates that the posterior vitreous cortex has 
a pivotal role to play in the pathogenesis of surgical 
vitreo-retinal disease. 

Presentation of Siimple PVD 

PVD may be symptomatic or asymptomatic. 

Symptoms 

Flashes of light, or floaters, or both are the symp­
toms of PVD. It is unusual for flashes to be experi­
enced alone but floaters alone are common. Flashes 
usually but not invaribaly precede floaters. 



Retinal Breaks 

a 

b 

Fig. 3.3. a Complex vitreous detachment associated with retinal neo­
vascularisation; b simple vitreous detachment and retinal break (hole) 
formation. 

Flashes 

White flashes of light attributed to vitreo-retinal 
traction are for an unknown reason usually experi­
enced in the temporal field of vision. This may last a 
few seconds or may be experienced several times a 
day for a few days. As traction is relieved upon the 
retina, either due to spontaneous separation of the 
gel or if retinal detachment itself occurs, flashes 
usually disappear spontaneously. However, they 
sometimes persist for weeks or months. 

Floaters 

A detached posterior hyaloid becomes visible and 
results in a variety of shapes and sizes of opacity 
which move within the vitreous cavity, and are per­
ceived as such by the patient. 

In middle-aged or older patients flashes and 
floaters either alone or in combination suggest PVD 
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and urgent assessment is required to exclude retinal 
breaks. Flashes are the more important symptoms 
increasing the risk of break formation complicating 
PVD. 

Reduction of Vision 

Temporary reduction of vision may be caused by 
vitreous opacities subsequent to vitreous detach­
ment or by vitreous haemorrhage if present. Al­
though haemorrhage complicating PVD is usually 
insignificant with small punctate collections on the 
retinal surface, sometimes quite marked peri­
papillary haemorrhage or extensive bleeding into 
the gel occurs. In cases when vitreous haemorrhage 
occurs the incidence of retinal breaks is much 
higher than in cases not thus complicated. 

Sequelae of PVD 

Retinal breaks are produced in approximately 
10-15% of cases of symptomatic PVD. PVD may 
also induce glial epiretinal-retinal membranes (e.g. 
macular pucker). 

Symptoms of Complex PVD 

Flashes oflight are seldom experienced, but floaters 
caused by vitreous haemorrhage may occur. 

Sudden onset of Rashes or floaters or both in 
patients over the age of approximately 40 
years suggests PVD. Retinal breaks and 
impending RRD must be excluded. 

Retinal Breaks (Fig. 3.4) 

If a retinal break formed as a result of PVD 
(Fig. 3.3b) is to progress to RRD then usually it does 
so within a few days or weeks. Pigment granules can 
gain the vitreous cavity via the retinal break and 
may be detected in the retrolenticular space or later 
in gel (Schaffer's sign). Pigment is best seen when 
the gel is set in moton by looking up and down. 
In cases of PVD complicated by breaks and/or RRD 
pigment is always present. The production of a 
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b 

Fig. 3.4. Various types of retinal breaks: a retinal tear; b round holes; c retinal dialysis. 

retinal break may result in bleeding from a retinal 
vessel producing haemorrhage into the vitreous 
cavity. This haemorrhage is variable in severity. 
Most usually it is not particularly so and is noticed 
by the patient as a shower of black spots. Less com­
monly, haemorrhage into the vitreous cavity may be 
severe causing profound reduction of vision and 
obscuration of retinal details. If a break has been 
present for months, then a ring of pigment may be 
found completely or incompletely surrounding it. 
Retinal breaks are described according to their 
shape, size or position. 

Shape 

By far the most commonly encountered breaks are 
either tears or holes. Tears are produced by vitreous 
failing to detach from the retina at a focal point of vit­
reous attachment, and the resulting traction pro­
duces a break with vitreous attached to the flap of the 
tear. These tears are commonly horseshoe-shaped, 
but may be irregular or slit-like. Retinal holes are 
produced either as a consequence of vitreous detach­
ment when the detaching vitreous manages to avulse 
a piece of retina at a focal point of attachment, or 
may occur as consequence of retinal weakness, either 
at a point of degeneration (e.g. lattice degeneration), 
or in a patch of inflammation (e.g. CMV or acute 
retinal necrosis), or in apparently normal retina. 
Retinal tears favour the upper temporal quadrant in 
the myopic and non-myopic eye whereas holes are 
found more frequently in the lower temporal quad­
rant of the non-myopic eye. Thus the upper temporal 
quadrant is the one that the surgeon will be visiting 
most often in RRD surgery. 

Size 

This term may also be applied to certain types of 
breaks, e.g. giant breaks. 

Position 

This term is also used, e.g. macular holes. 

Clinical Significance of Breaks 

All breaks have to be sealed when they occur with 
RRD. The ease of detection and closure of these 
breaks will be an important factor in determining 
the complexity of the case, e.g. small breaks may be 
difficult to find, large ones difficult to close. For 
example, breaks at or anterior to the equator are 
more accessible to an external approach than breaks 
that are at the posterior pole. 

Vitreous Haemorrhage 

Vitreous haemorrhage may occur subsequent to 
posterior vitreous detachment alone, but more com­
monly complicates vitreous detachment associated 
with retinal break formation. Although it is wise to 
assume that any vitreous haemorrhage is caused by 
a retinal break until proved otherwise, other causes 
of vitreous haemorrhage have to be borne in mind. 
For example, caused by the vaso-proliferative 
retinopathies (diabetes, branch retinal vein occlu­
sion, and HBSC disease) and other less common but 
usually obvious causes e.g., Terson's syndrome or 



Formation and Spread of Subretinal Fluid (SRF) 

trauma. The possibility of non-accidental injury 
should be considered in children. 

Progression 

The reason why some breaks proceed to RRD and 
others do not is poorly understood, and numerically 
the majority of retinal breaks do not lead to RRD. 
Tears are more likely to progress than holes 
and large breaks more likely to do so than small 
ones. 

b 

a 

Formation and Spread of Subretinal 
Fluid (SRF) 

Contour 
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As SRF accumulates the detaching retina assumes a 
convex configuration towards the vitreous, (and 
therefore towards the examiner) and also towards 
flat retina. This is in contrast to the concave contour 
both towards vitreous and flat retina when a 
tractional retinal detachment is present. 

Fig. 3.S. Spread of SRF: a from a superior break resulting in either subtotal retinal detachment or in bullous inferior detachment; b from a superior midline 
break; drom an inferior break. 
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Direction of Spread of SRF 

The direction of spread is predictable and SRF dis­
tribution conforms to the position of the primary 
retinal break in over 90% of cases. SRF accumulat­
ing around the retinal break spreads first to the ora 
serrata. Subsequent spread will be influenced by the 
position of the break in the retina, and by any 
obstructions in the natural pathway of the spread 
(e.g. areas of choroido retinal adhesion). 

Superior Temporal and Superior Nasal 
Breaks (Fig. 3.5a) 

Fluid descends on the same side as the break 
towards the disc, it then swings below the disc and 
with rapid progressive accumulation often resulting 
in inferior bullae will rise up again on the other side 
of the retina. However, It will, assume an upper level 
lower than that of the side from which it began. 

Superior Midline Breaks 

SRF from breaks situated near the midline (i.e. 
directly above the disc) will spread symmetrically 
down each side of the disc (Fig. 3.sb) The detach­
ment becomes total. If the break is slightly to one 
side, the fluid front will be lower on the side co­
incidental with the break. If the break is situated in a 
posterior position the SRF spread is somewhat more 
unreliable and the contour edges will be of less 
localising value. However, these breaks are easily 
seen. 

Inferior Breaks 

The detachment gradually rises to involve the 
macula, but rarely becomes total. The fluid will rise 
higher on the side of the retinal break and such 
detachments are never bullous (Fig. 3.Sc). 

RF distribution is consi tent with the site of 
the break. 
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Rate of Spread of SRF 

Position of Break 

SRF will accumulate quickly if the break is in the 
upper half of the retina, whereas with inferior 
breaks SRF accumulation is slower. 

Size of Break 

Retinal detachments with large breaks extend more 
rapidly than those with small breaks. 

State and Position of the Vitreous 

If the vitreous gel is of apparently normal consist­
ency, e.g. in a young subject with a traumatic retinal 
detachment then the rate of progression of RRD will 
be slower than if the gel is degenerate (e.g. in 
myopia) or absent as in the vitrectomised eye. 

SRF Formation 

• Rapid: big breaks, superior position, 
degenerate or absent gel 

• Slow: small breaks, inferior position, 
'normal' gel 

Shifting SRF 

SRF which shifts its position markedly when 
the position of the head is altered indicates fluid 
which is denser in the subretinal than in the vitreal 
compartment. This sign is often a sign of non­
rhegmatogenous detachment, but may also be seen 
in rhegmatogenous cases, particularly when retinal 
breaks are small and anterior, preventing free 
exchange of subretinal and vitreous fluid. 

Natural History of RRD 

Untreated RRD usually progresses until it is total. 
The retina becomes thin and atrophic and peri-
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retinal membranes infiltrate retina and vitreous. The 
normal undulating mobility of the retina is progress­
ively lost. Less frequently RRD may become localised 
and static for many years, walled off by demarcation 
lines. Rarely spontaneous reattachment occurs. If the 
detachment is total, cataract usually develops after 
some months and eventually the eye tends to become 
phthisical; less commonly glaucoma develops. This 
downward chain of events is accelerated in cases that 
have been unsuccessfully treated. 

Clinical Significance 

Long-term detachment of the macula with dis­
ruption of the photoreceptor layer will result in 
poor restoration of central vision if reattachment is 
achieved. 

Predisposing Factors 

Retinal detachment has a strong bilateral tendency 
(about 20% of non-traumatic cases) and may occur 
in families. Factors which predispose to retinal 
detachment do so either by increasing the risk of 
posterior vitreous detachment or by weakening the 
retina directly. On some occasions both factors are 
present (e.g. lattice degeneration in a myopic eye). 

Increased Risk of Simple PVD 

• Myopia 
• Cataract surgery 

• Uveitis 

Myopia 

PVD and the peripheral retinal degenerative 
changes of lattice degeneration are more likely to be 
found in the large myopic eye. Retinal detachment 
occurs eight times more frequently in myopes than 
in the normal population, a risk that increases with 
the degree of myopia. High myopia with retinal 
detachment is more common in the male popu­
lation than in the female, a tendency that is not 
found with the lower levels of myopia. 
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RRD risk factors 

• Myopia 
• Cataract surgery 
• Uveitis 
• Retinal weakness (degeneration or 

inflammation) 
• Tractjonal retinal detachment (TRD) 
• Trauma 
• Family history 

Cataract Surgery 

There is a risk of retinal detachment following all 
forms of cataract surgery, although the mechanism 
of this relationship is not always clear. The risk of 
RRD following cataract extraction is now low due to 
preservation of the posterior capsule with either the 
extracapsular or the phacoemulsification tech­
niques. Removal of the crystalline lens predisposes 
the eye to posterior vitreous detachment, a risk that 
is considerably increased if there has been a vitreous 
complication during the performance of the cataract 
operation or if Y AG capsulotomy is subsequently 
performed. The risk is compounded if other pre­
disposing factors such as myopia or lattice retinal 
degenerative changes are present. Retinal detach­
ment may occur many years after the surgery of 
congenital cataract. This delay is related to the 
eventual occurrence of PVD. 

Uveitis 

Infiltration of white cells into the vitreous body 
causing degeneration and collapse increases the risk 
ofPVD. 

Causes of Retinal Breaks other than 
Simple PVD 

1. Retinal degenerations (e.g. lattice or snail track 
degeneration) predispose an eye to break forma­
tion either prior to vitreous detachment when 
round holes may form or as in lattice degenera-
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tion when tears are produced subsequent to 
PVD. 

2. Inflammations. Inflammation of the retina (e.g. 
CMV retinitis) may weaken the retina and lead 
to break formation (in CMV these breaks are 
usually multiple, round and situated in the equa­
torial region of the retina). Vitreous detachment 
mayor may not occur. 

3. Tractional retinal detachment (TRD). Retinal 
breaks may be produced by sustained vitreo­
retinal traction. The usual situation is a TRD 
complicating vaso-proliferative retinopathy (e.g. 
diabetes, HBSC disease, branch vein occlusion), 
the full thickness break may either remain static 
or add a rhegmatogenous component to the TRD. 

4. Trauma. Trauma may cause retinal breaks, 
whether contusive or penetrating in nature. 
There is little evidence to support the notion 
that blows to other parts to the head may result 
in retinal detachment. 

Contusive Injury 

In contusive injury the globe is temporarily de­
formed at the moment of impact and although the 
walls of the globe are capable of movement the 
inelastic gel is not. (Fig. 3.6) The types of retinal 
breaks seen after contusion injuries reflect the 
various events that may happen at the vitreo-retinal 
interface following such an injury. 

• Without vitreous detachment. The main effect 
occurs at the vitreous base, the walls of the eye 
moving away from the base result in the retinal 
break characteristic of contusive trauma, i.e. the 

Fig. 3.6. Trauma. Contusion resulting in deformation of the globe. 

Rhegmatogenous Retinal Detachment (RRD): Pathogenesis and Clinical Features 

Fig. 3.7. Trauma. Avulsion of the vitreous base associated with retinal dialysis. 

retinal dialysis (Fig. 3.7). The dialysis pathogno­
monic of ocular contusion is found in the upper 
nasal quadrant of the retina and is formed at the 
time of the injury. The role of trauma in the pro­
duction of dialysis in the lower temporal quad­
rant is uncertain. In addition to dialyses, sudden 
movement of the gel in the region of the vitreous 
base may result in avulsion of the vitreous base 
and cause slit-like breaks in the pars plana. Other 
breaks that are sometimes seen without vitreous 
detachment are large round holes which form in 
areas previously affected by commotio retinae. 

• Acute posterior vitreous detachment. Sudden gel 
movement from the posterior pole may produce 
macular breaks or large irregular paravascular 
tears. 

• Delayed posterior vitreous detachment may 
result in equatorial breaks. 

Perforating Injury 

In scleral injuries (either self-sealing or open lacera­
tions), posterior to the ora serrata retinal breaks 
without vitreous detachment are usually produced 
adjacent to the entry site (Fig. 3.8), or at the other 
side of the globe at a site of impaction or double 
perforation by a foreign body. More unusually 
breaks may be produced some weeks later due to 
delayed posterior vitreous detachment. Perforation 
of the globe by a needle being used for peri- or 
retro-bulbar anaesthesia may cause entry and exit 
site retinal breaks. 



Methods of Presentation of RRD 

Fig. 3.8. Trauma. Posterior incarceration results in traction due to gel and 
retinal incarceration. 

Methods of Presentation of RRD 

Flashes of light and floaters are caused by vitreous 
detachment and these are succeeded by a field 
defect if RRD occurs subsequent to break formation. 
The timing and presence of all three symptoms is 
variable and only 50% of patients suffering from 
RRD have any of them. 

The three 'Fs' of RRD 

• Flashes 
• Floaters 
• Field defects 

1. Flashes of light. Flashes of light due to vitreo­
retinal traction are usually experienced in the 
temporal field of vision and do not localise the 
site of the retinal break. 

2. Floaters. These are perceived as mobile opacities 
and usually appear after the onset of flashes if 
both are present. However, if vitreous haemor­
rhage (usually subsequent to break formation) 
has occurred, they may vary from a shower of 
black spots to extensive loss of vision. This 
haemorrhage is usually a singular event, but is 
sometimes repeated over months or years. Blood 
may be found in retro-hyaloid, or intravitreal 
compartments or both. 

3. Field defect. A defect develops when the retinal 
detachment extends posterior to the equator and 
therefore RRD may be extensive before a field 
defect is noticed. An inferior nasal field defect 
indicates an RRD starting from the superior 
temporal quadrant and an inferior temporal 
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defect indicates one from the superior nasal 
quadrant. Superior defects, detected much less 
readily than inferior ones, may give less clue to 
origin as inferior detachment may be produced 
from either inferior or superior breaks. Central 
vision will be severely impaired when the 
macula detaches. 

The density of field defect varies with the SRF depth, 
the deeper the fluid the denser the scotoma. Posture 
may affect SRF depth, e.g. a superior retinal detach­
ment reducing after a period of bed rest may cause 
diminution or even disappearance of the observed 
field defect (usually in the morning), only to re­
appear again as the patient mobilises. Similarly, in 
RRD involving the macula, symptoms such as 
micropsia and metamorphopsia may be absent in 
the morning, but may progressively appear during 
the day as the patient mobilises. 

Field defects 

• Inferior defects indicate an RRD has 
started superiorly 

• Superior defects do not indicate an RRD 
has started inferiorly 

• Inferior defects are noticed early 
• Superior field defects are noticed late 
• Intensity of field defects varies with the 

depth ofSRF 

Other Symptoms 

Classical symptoms may not occur and the detach­
ment is identified in other ways. Reduced visual 
acuity, as the only signpost of RRD, arises in the fol­
lowing ways: 

• Macular detachment 
• Opacity obscuring RRD 
• Anterior uveitis 

Macular Detachment 

Insidious detachment of the macula is particularly 
likely to occur with: 
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• Inferior breaks (e.g. retinal dialysis) 
• Pseudophakic detachments. Reduced central 

vision is often the commonest mode of presenta­
tion. Even this may not be taken seriously by 
patients who have been warned to expect reduc­
tion of vision due to capsular thickening. 

• Breaks at the posterior pole (e.g. a macular 
break) 

Opacities Obscuring RRD 

• Vitreous haemorrhage. Severe vitreous haemor­
rhage caused by retinal break formation may 
depress central vision even if retinal detachment 
is peripheral. 

• Inflammation. 

Reduced VA and RRD 
i== 

• Macular detachment: 
SRF pread from periphery 
SRF originates from break at posterior pole 

• Macula not detached: 
opacities in media 

Anterior Uveitis 

Anterior uveitis may complicate RRD and reduce 
central vision. Flare and cells with fibrinous exudate 
may be found in the anterior chamber and posterior 
synechiae form. With posterior uveitis inflam-

Rhegmatogenous Retinal Detachment (RRD): Pathogenesis and Clinical Features 

matory debris in the vitreous body may obscure 
RRD. 

Asymptomatic Detachments 

Asymptomatic detachment without depression of 
central vision are usually detected during routine 
ophthalmoscopy on patients in whom the examiner 
has a high index of suspicion of retinal disease, e.g. 
in the second eye of a patient with RRD or following 
trauma. 

Clinical Summary Points 

• Flashes of light and floaters in patients of over 
40 years of age indicate vitreous detachment and 
require urgent examination (within 24 hours) to 
exclude retinal breaks and early RRD. 

• Flashes of light combined with floaters are more 
likely to be associated with break formation than 
floaters alone. 

• If PVD is complicated by vitreous haemorrhage 
then risk of retinal break is higher. 

• Pigment in the retrolenticular space strongly 
suggests a retinal break with or without RRD. 

• A progressive field defect indicates RRD. Inferior 
field defects are oflocalising value as to the site of 
origin of the RRD, superior field defects are not. 

• RRD should be excluded in all cases of reduced 
visual acuity. 

• RRD should be excluded in all cases of anterior 
uveitis. 

• Asymptomatic RRD should be excluded in high­
risk cases. 



Rhegmatogenous Retinal Detachment: 
Details of Examination 

RRO - Details of Examination 
• Uveitis, glaucoma 
• Opacities at the lens iris diaphragm 
• Retrolental space 
• Details of detached retina 

- macula 
- sub retinal fluid 
- breaks 
- proliferative vitreoretinopathy 

• Differential diagnosis 

Pre-operative examination enables: 

• Assessment of the need for any pre-surgical 
treatment. 

• Consideration of the differential diagnosis of 
RRD. 

• A decision to be made about the choice of sur­
gical procedures and the need or not for pro­
phylactic treatment. 

• Informed discussion with the patient (and! or 
relatives). 

The initial examination is that of the anterior 
segment and is conducted at the slit-lamp. This is 
followed by examination of the posterior segment 
by indirect ophthalmoscopy with scleral depression. 
This in turn is followed by a further visit to the slit­
lamp for contact and non-contact lens examination. 

Examination of the Anterior Segment 
and Vitreous 

Examination of the cornea, anterior chamber, 
lens-iris diaphragm, retrolental space and anterior 
vitreous is made during the first visit to the slit­
lamp. The cornea and anterior chamber (including 
measurement of intraocular pressure) should be 
made prior to dilatation of the pupils. All other 
aspects of the examination including, lens, retrolen­
tal space, anterior vitreous and retina should be 
made after full dilatation of the pupils (cyclopento­
late 1% and phenylephrine 10% remains the best 
combination). Corneal opacities occasionally inter­
fere with the view of the fundus; these include opac­
ities secondary to corneal disease (e.g. trachoma), 
corneal oedema secondary to endothelial dys­
function or raised intraocular pressure, or corneal 
sutures following recent repair of injury or corneal 
grafting. It is rare for opacities to be of such severity 
that corneal grafting either prior to vitreoretinal 
surgery or as a combined procedure is necessary. 

Anterior Chamber 

Typically, intraocular pressure is lower in eyes with 
retinal detachment, but sometimes raised intra­
ocular pressure may be found. This indicates either 
an underlying glaucomatous state (e.g. chronic 
simple glaucoma) or is related to the detachment 
itself, when it is usually secondary to anterior 
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uveitis. In the latter cases reattachment of the retina 
results in spontaneous lowering of the intraocular 
pressure. If intraocular pressure is raised prior to 
surgery, medical treatment in the form of timolol or 
diamox is necessary. 

Uveitis 

Anterior uveitis is sometimes quite brisk and may 
require medication in the form of local steroids 
to reduce anterior chamber activity prior to 
surgery. 

The Iris 

If pupillary dilatation to a level of approximately 
3-4 mm is not achieved then difficulty will be found 
in examining the peripheral retina. The cause of 
failure of pupillary dilatation may be physiological, 
e.g. in heavily melanotic irides or one of a variety of 
pathological states such as diabetes, intracapsular 
aphakia (particularly if the surgery has been com­
plicated by vitreous loss), iris clip intraocular lenses, 
Marfan's syndrome or the prolonged use of miotics 
for the treatment of chronic simple glaucoma. 

The lens and Capsules 

Position of Lens, Pseudophakia and the 
Lens Capsules 

If the crystalline lens is subluxated or even dis­
located, as may be found in Marfan's syndrome or 
following trauma, observation of the peripheral 
fundus is more difficult. The presence of intraocular 
lenses may make examination of the retina more 
difficult, not only because of less satisfactory pupil­
lary dilatation but also because of distortion of the 
retinal view and annoying reflexes from their 
surface. If the extracapsular method of cataract 
surgery has been used thickening of either posterior 
or anterior capsule may add to the difficulty in 
visualisation of the peripheral fundus, (Fig. 4.1) a 
difficulty that is compounded by Elschnig pearl 
formation. 

Rhegmatogenous Retinal Detachment: Details of Examination 

Fig. 4.1. Posterior capsular opacification with capsulotomy. 

Lens Opacities 

Peripheral cortical opacities frequently interfere 
with the examination of the fundus, a difficulty that 
is related to the severity of the lens opacity. 

Retrolental Space 

Pigment 

The retrolental space and vitreous will usually be 
found to contain pigment granules (tobacco 
dusting) when a retinal detachment is present (the 
Schaffer sign) (Fig. 4.2). Exceptions to this may be 
cases of retinal dialysis or detachments that have 
complicated retinoschisis when PVD is poorly 
developed. The pigment is derived from pigment 
epithelium and arrives by traversing the vitreous 
cavity via the retinal breaks. This is a very useful 
sign to indicate the presence of retinal breaks or 
retinal detachment. 

Red Cells 

Red cells in the retrolental space and anterior 
vitreous are found when there has been vitreous 
haemorrhage. In severe cases pooling of blood in a 
hyphaema-like arrangement is found in the space 



Examination of the Anterior Segment and Vitreous 

a 

b 

Fig. 4.2. a Pigment granules in the anterior gel in fresh retinal detachment; 
b Pigment clumping in retinal detachment complicated by PVR. 

between the anterior hyaloid and the posterior lens 
capsule. 

White Cells 

A few white cells may be found in the retrolental 
space or anterior vitreous of patients with RRD. If 
marked vitritis is present accumulation of inflam-
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matory cells may contribute to both vitreous de­
generation and collapse, and enhance the formation 
and development of periretinal membranes. 

Anterior Vitreous 

Although examination of the mid and posterior 
vitreous cavity is best performed with a lens, the 
anterior third of the vitreous gel may be examined 
at this stage. This examination is enhanced by 
making use of eye movement. The patient is asked 
to look up and then down and then returning the 
position of gaze to the mid-line. This movement of 
the eye sets the gel in movement, thereby facilitating 
interpretation of the physical signs. Normal vitreous 
gel appears to have a delicate ribbon-like structure, 
a characteristic feature being its vigorous mobility, 
which is easily seen. When the vitreous degenerates, 
this rib bon -like structure is lost and the vitreous 
substance has a more fibrillary appearance and is 
less compact in structure. If the posterior vitreous 
detachment has been complete the posterior hyaloid 
face is easily seen and with it the area from which 
the vitreous has detached from the disc (Weiss's 
ring). However, in the absence of such obvious 
posterior vitreous detachment it is often difficult to 
be certain about vitreous detachments in both 
attached and detached retina. Not infrequently, 
interpretation of vitreous signs pre-operatively are 
proven to be wrong or inaccurate at the time of 
pars plana vitrectomy. Occasionally the vitreous 
architecture in young patients is completely 
abnormal (e.g. in Stickler's Syndrome) where 
the normal characteristics of vitreous gel are 
absent and indeed the gel has an optically empty 
appearance. 

Proliferative Vitreoretinopathy (PVR) 

Involvement of the gel in the process of PVR varies 
considerably. Sometimes the gel is relatively spared 
whereas in others it may be extensively affected. If 
so its normal gel-like structure collapses as does its 
normal mobility and the gel becomes infiltrated by 
semi-transparent fibrotic strands which are usually 
extensively laden with pigment. These may be 
arranged in large clumps in the vitreous cavity and 
on the pre-retinal surface or in a string-like fashion. 
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Examination of Detached Retina 

The examination of the detached retina is carried 
out with indirect ophthalmoscopy and scleral de­
pression. However, these observations need to be 
confirmed and augmented by returning the patient 
to the slit lamp for non-contact and or contact lens 
examination. The latter examination is particularly 
for the study of the macula, and for providing a 
magnified view of retinal details, and for study of 
particular aspects of the vitreoretinal relationship. 
The most important features concern the macula, 
the SRF, the breaks, and PVR. On some occasions 
there may be additional special features such as 
signs of longstanding detachment, previous surgery, 
haemorrhage, and choroidal detachment. 

The Macula 

Macular Detachment 

Although reduction of central vision may be caused 
by overhanging bullous retinal detachment, or 
opacities in the media, profound reduction of 
central vision is usually explained by involvement of 
the macula in the process ofRRD. 

Rhegmatogenous fietinal Detachment: Details of Examination 

Macula involvement is important: 

1. To determine the urgency of the procedure; thus 
cases of recent RRD without macula detachment 
should be operated on as soon as possible to 
stop the macula detaching. 

2. If the macula has been detached the patient has 
to be warned about the chances of depression of 
central vision following successful anatomical 
reattachment. Where the macula has been de­
tached for less than 2 weeks 80% will achieve a 
central vision of 6/18 or better (6118 represents 
about 40% of normal acuity). The longer the 
macula is detached the worse will be the 
recovery of central vision. 

Other Macular Pathology 

Careful examination of the macula with hand held 
aspheric or contact lenses will reveal the presence 
of: 

• Macular pucker 
• Macular holes 
• Cystic changes. 

All these changes will indicate that the restoration 
of central vision following vitreoretinal surgery may 
be less favourable than usual. 

Fig. 4.3. Estimation of subretinal depth under break at pre-operative scleral depression. a Break easily closed; b some intervening SRF between break and 
pigment epithelium; c deep SRF between pigment epithelium and break. 



Examination of Detached Retina 

Subretinal Fluid 

The study of the SRF is of importance in the pre­
operative assessment process (1) because dis­
tribution of SRF conforms with the position of the 
retinal break; and (2) because of the depth of SRF. 

• SRF under the retinal break. The depth of SRF 
between the break(s) and the pigment epithelium 
is an important facet of the pre-operative exam­
ination. This depth can be roughly estimated 
when the scleral depressor is applied pre­
operatively under the retinal break. If the break 
can be closed easily then the non-drainage oper­
ation will be preferred. However, if fluid between 
break and pigment epithelium is very deep then 
non -drainage is difficult as localisation of break 
and application of retinopexy is more complex 
(Fig. 4.3). 

• Site of deep SRF. If an operation is planned at 
which SRF is to be drained, it is important to 
note the position of deep SRF as this area will be 
chosen as the site for drainage. This observation 
must be checked at the time of surgery due to the 
risk of redistribution of fluid after the initial 
examination has been made. 

• Response to bed-rest. On some occasions, bed­
rest may be selected to allow flattening of the 
retina prior to surgery. 

• Shift of SRF (see Chap. 3). 

Examination of the Retinal Breaks 

Successful retinal surgery depends upon the detec­
tion and closure of all retinal breaks present in 
detached retina. The ease of detection and closure 
of these breaks will be an important factor in 
defining the complexity of the case, e.g. small breaks 
are difficult to find but easy to close, and large ones 
easy to find but difficult to close. Thus a careful pre­
operative examination, which should be thorough 
and unhurrk~, to note all breaks is fundamental. 
The position and features of the retinal breaks 
is one of the most important factors in de­
ciding the type of operation required to achieve 
reattachment. 

The following are the more important features to 
be noted about retinal breaks: 
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• Type. The description of breaks according to 
their shape, size and position has already been 
discussed (Chap. 3). 

• Relationship to each other. When breaks are 
multiple (about 50% of cases) buckling becomes 
more difficult. In cases when there is more than 
one break the majority (60%) are situated within 
one quadrant of each other. In other cases breaks 
may not only be widely separated, but be of dif­
ferent sizes and radial orientation making the 
buckling process more complex. 

Relationship to Anatomical Landmarks 

Charting of the position of the retinal breaks is 
made with reference to convenient anatomical land­
marks; thus the site of the long ciliary bundles will 
indicate whether the breaks are in the upper or 
lower half of the retina, and further orientation is 
achieved by an imaginary line drawn vertically 
through the disc dividing the retina into temporal 
and nasal halves. The twelve o'clock position being 
referred to as immediately above the disc and the six 
o'clock immediately below it. The posterior ex­
tremity of the breaks is estimated by noting their 
relationship to the seen or estimated position of 
the vortex veins. The position of the breaks then 
described as equatorial, pre-equatorial, or post­
equatorial. Localising of the breaks is aided by 
noting carefully their relationship to normal (e.g. the 
retinal vessels) or abnormal features (e.g. pigment 
clumps) (Fig. 4.4). 

12 

6 

Fig. 4.4. Localisation of retinal breaks. 
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Summary note 
== 

In the examination of the detached retina the 
most important features are: 
• The macula 
• The retinal breaks 
• SRF details 
• PVR and its effect on retina and vitreous 

Proliferative Vitreoretinopathy (PVR) 

See Chap. 6. 
The presence of PVR is important because of its 

effects on: (1) surgical decision making; and (2) the 
anatomical and visual prognosis. 

Rhegmatogenous Retinal Detachment: Details of Examination 

Signs of Longstanding RRD 

These signs are of importance because (1) long-term 
macula detachment carries a poor prognosis for 
restoration of central vision after reattachment; and 
(2) the relationship of the detachment to alleged or 
actual trauma in medico-legal cases (i.e. long­
standing signs rule out recent trauma as a cause of 
detachment) . 

The following changes are found in longstanding 
RRD; (Fig. 4.5) 

• The retina becomes thin and atrophic. 
• High-water marks may be seen. These are lines 

which are pigmented to a varying degree and 
form in flat retina ahead of an advancing wall of 
SRF and are often seen in longstanding RRD. 
These water marks take at least 3 months to form 

Fig. 4.5. Longstanding retinal detachment. High-water marks are present below the long ciliary bundles. 
Retro-retinal strands are seen and secondary intra retinal cyst formation has occurred. Whitish and 
pigmented vitreous opacities are seen overlying a retinal dialysis. 



Haemorrhage 

following retinal detachment. Sequential levels of 
water marks may be found if there has been slow 
advance of the detachment edge. Thus, demarca­
tion lines do not offer complete protection 
against further detachment of retina, but may 
contribute to slower progression and sometimes 
SRF may have retreated from a previous high­
water marks. 

• Retro-retinal strands. In longstanding retinal 
detachment an interlacing network of retro­
retinal white lines may be seen. Although, these 
structures (a form of PVR) are relatively benign 
in behaviour and rarely interfere with reattach­
ment, they may occasionally be severe enough to 
warrant surgical removal. 

• Intra-retinal Cysts. Cystic spaces large enough to 
be clinically obvious may develop in the outer 
plexiform layer of the retina when retinal detach­
ment has been longstanding (at least 1 year). 
They are of striking ophthalmological appear­
ance, but do not pose any particular problem to 
reattachment of the retina disappearing spon­
taneously in the post -operative period after the 
break has been closed. They may occasionally 
interfere with break closure if situated in the 
immediate vicinity of a break. 

• Peripheral retinal vessels may develop telang­
iectatic formations or tuft like projections. 

The features of long-standing RRD are: 
• Thin retina 
• High-water marks 
• Retro-retinal strands 
• Intraretinal cysts 

Previous Surgery 

Cases that have had previous operations pose prob­
lems because (1) examination is more difficult; and 
(2) the surgical approach may need to be modified. 

Examination is made more difficult because: 

1. Buckles may interfere with adequate scleral 
depression especially if the eye is tender and 
photophobic. Greater reliance will have to be 
placed therefore on contact and non-contact 
lens examination. 
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2. Break detection is more difficult because: 
• The white reflex from previous retinopexy 

reduces contrast between neuro-epithelium 
and pigment epithelium. 

• Vitreous haze (due to breakdown of the 
blood-retina barrier) tends to become more 
pronounced. 

• Retinal adhesion at points of previous retino­
pexy makes the retinal contours more dif­
ficult to interpret and therefore they become 
a less reliable indicator of break position. 

Haemorrhage 

Retinal 

Small round haemorrhages are often found in the 
vicinity of retinal breaks in cases of fresh retinal 
detachment and are produced as a result of PVD. 
They are clinically insignificant, but their presence 
may serve as a useful signpost in aiding the detec­
tion of breaks. Small haemorrhages are sometimes 
found in longstanding retinal detachments where 
they are often thinly scattered in the periphery of 
the detached retina. 

Vitreous 

Some degree of spontaneous vitreous haemorrhage is 
commonly found in cases of retinal detachment and 
is usually associated with a rupture of a blood vessel 
during the development of a retinal break (Fig. 4.6). 

Fig. 4.6. Vitreous haemorrhage from retinal break formation. Blood from a 
retinal tear (small arrows) spreads either into the retro-gel compartment or 
into the gel itself. 
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Haemorrhage occurs most frequently from an upper 
half retinal tear and descends by gravity down the 
back of the posterior hyaloid face or passes into the 
vitreous gel. A combination is often seen (Fig. 4.7). 

Retrovitreal haemorrhage may be found in the 
inferior retina piled up on the back of the posterior 
hyaloid face at its juncture with the retina. In the 
aphakic or pseudophakic eye, blood may pass into 
the anterior chamber to cause hyphaema, and the 
egress of blood via the angle will improve the rate of 
clearance from the eye. The behaviour and spread of 
vitreous haemorrhage following clotting and lysis 

Rhegmatogenous Hetinal Detachment: Details of Examination 

depends mainly on the extent of the haemorrhage 
and the state of the vitreous gel. In the young eye, 
intra-vitreal or pre-retinal collections of blood take 
weeks or months to clear, but do so more readily in 
the highly myopic with degenerate vitreous or in the 
vitrectomised eye. Blood in the vitreous cavity is 
metabolised slowly, and evidence of old haemor­
rhage is provided by the presence of a whitish 
coagulum that is usually found in the inferior gel. 

In the majority of cases haemorrhage is slight 
and is of little clinical significance, but if severe 
may: 

Fig. 4.7. Retinal detachment. Fresh ultrasound blood in seen in the vitreous. Choroidal detachment is present. 



Differential Diagnosis of RRD 

• Obscure the view of the retina either partially or 
completely. 

• Promote PVR. 
• Increase the risk of secondary uveitis and glau­

coma due to diffusion of blood cells into the 
anterior chamber. 

Causes of vitreous haemorrhage 

• PVD - uncomplicated 
• Retinal break 
• Trauma 
• Previous surgery 
• Proliferative retinopathies 
• Terson's yndrome 

Choroidal 

Choroidal haemorrhage is either secondary to 
trauma or as an operative complication of vitreo­
retinal surgery. 

Choroidal Detachment 

Serous choroidal detachments are occasionally found 
pre-operatively in eyes with retinal detachments 
(4.5% in one series). They are particularly associated 
with RRD and high myopia. They are recognised by 
their characteristic dark rounded outlines seen 
through the retinal detachment (Fig. 4.7). They may 
be localised or annular in extent and are identical in 
appearance to the choroidal detachments seen follow­
ing cataract or glaucoma surgery. They are related to 
the hypotony induced by the process of retinal 

Table 4.1. Differential diagnosis 

Feature Longstandmg RRO TRO 

Schaffer sign +ve -ve 
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detachment. The detachments often extend into the 
vicinity of the ciliary body with reduced aqueous 
output, but their posterior extension is usually limited 
by the scleral exit of the vortex veins. If seen pre­
operatively and there is no other indication for urgent 
surgery a period of delay (a week or so) may result in 
a least partial reabsorption prior to surgery thus 
making surgery easier. Choroidal detachments are 
important because: 

• There is an increased risk of PVR. This may be 
partially caused by the inflammation in the eye 
promoted by choroidal detachment. 

• Surgery may be more complex in their presence, 
e.g. if the choroidal detachment is under a retinal 
break external cryotherapy will be impossible. 

Differential Diagnosis of RRD 

Usually the diagnosis of RRD is simple (Table 4.1). 
The appearance of the detached retina is charac­
terised by undulating folds, loss of choroidal reflex 
and darkening of retinal vessels and the presence of 
full-thickness retinal breaks. Occasionally, RRD may 
be confused with 

• Tractional retinal detachment (TRD), 

• Retinoschisis 
• Non-rhegmatogenous retinal detachment. 

RRD and TRD 

Contour 

Unlike RRD, in TRD the junction between the 
detached and attached retina is characterised by a 

Rttmoldlilis 

-ve 
Breaks Present Absent Outer leaf 
Contour Convex Concave Convex 
High·water marks Presem Present (maybe) Abient 
POSition in fundus Extends to ora Localised Extends to ora 
fIl'tro·retinal mands Present (usually) Present (maybe) Absent 
Other eye Involvement Unusual Unusual (maybe) Usual 
Unaffected Retina Normal May reflect cause of TRO - e.g. diabetes Normal 
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concave border towards flat retina and in TRD the 
retina is also concave towards the vitreous cavity 
(Fig. 4.8). 

Breaks 

In TRD full-thickness retinal breaks are absent. 

RRD and Retinoschisis 

In longstanding RRD the retinal texture appears 
thinner and more atrophic and loses the typical 
appearance of freshly detached retina. It can 
therefore come to resemble the appearance of 
retinoschisis. However, it is distinguished by the 
following: 

• Demarcation line or secondary retinal cysts are 
not seen in retinoschisis 

• Full-thickness breaks are not seen in retinos­
chisis 

Rhegmatogenous Retinal Detachment: Details of Examination 

Fig. 4.8. (a and b) Traction retinal detachment 
(TRD). The TRD is concave towards the vitreous 
cavity and also towards attached retina; (c and d) 
retinal break has complicated the TRD which now 
has a rhegmatogenous element and becomes 
convex towards the vitreous cavity and towards 
attached retina. 

• Retinoschisis is usually bilateral, asymptomatic 
with no premonitory signs or visual loss. 

RRD and Non-Rhegmatogenous RD 

There is usually little difficulty in distinguishing 
these two conditions. RRD is characterised by 
the presence of full-thickness breaks and non­
rhegmatogenous RD by the presence of inferior 
shifting SRF (e.g. in Harada's disease or uveal 
effusion syndrome). However, if retinal detachment 
is unilateral and breaks are not seen then the 
distinction between the two conditions is less 
certain, particularly if there are no other signs 
of ocular disease which might produce non­
rhegmatogenous retinal detachment (e.g. malig­
nant melanoma or inflammatory changes within the 
vitreous as in scleritis). In cases of diagnostic 
difficulty ultrasonography (showing a thickened 
sclera in scleritis) and fluorescein angiography 
(showing pigment epithelial disturbance) may be 
useful additional investigations. 



Rhegmatogenous Retinal Detachment: 
Features of Special Types 

RRD - Features of Special Types 
• Dialysis 
• Giant break 
• Retinoschisis 
• Cataract surgery 
• Features suggesting a poor prognosis 

Cases may be described as special either because 
they have distinctive or unusual clinical features or 
because they have appearances suggesting a poorer 
prognosis than usual due to anticipated difficulties 
in reattachment. These detachments may have 

• Unusual breaks 
• RRD associated with other posterior segment 

disorders 
• RRD after cataract surgery 
• Additional features of RRD suggesting a poor 

prognosis. 

Unusual Breaks 

These are retinal dialyses, giant breaks, macular and 
other breaks at the posterior pole. 

Retinal Dialysis 

Dialysis is the term applied to breaks at the ora 
serrata. Posterior vitreous detachment is not 

involved in the mechanism of dialysis production 
and is only found if it occurs spontaneously at a 
later date. The vitreous base remains attached to the 
posterior edge of the dialysis, an attachment that 
results in some degree of immobility of the break 
(Fig. 5.1). 

Retinal dialysis is commonly associated with con­
tusive trauma and therefore occurs more commonly 
in young men. If a dialysis is found in the upper 
nasal quadrant of the retina this is pathognomonic 
of contusive injury to the eye. However, the com­
monest site of a dialysis is the lower temporal quad­
rant where the role of trauma is much less obvious. 
It is not clear why this site is prone to the develop­
ment of this type of retinal break. Trauma certainly 
plays a part in some of these cases, but occasionally 

Fig. 5.1. Retinal dialysis. Vitreous remains attached to the dialysis edge. 
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the condition is found to be bilateral (approximately 
5%), indicating that the ora serrata may have an 
underlying weakness in the lower temporal quad­
rant. As well as in contusive injury, dialysis may also 
occur in penetrating injury. In such cases it is 
usually found close to the site of penetration, be this 
with a foreign body or occasionally in association 
with instrumentation introduced through sclero­
tomy sites at pars plana vitrectomy (PPV). 

Upper nasal dialysis is pathognomonic of 
trauma 

Clinical Features 

• The premonitory symptoms of vitreous detach­
ment do not occur and the condition usually pre­
sents only when visual acuity is noticed as reduced 
or discovered in the course of an examination. 

• In inferior dialysis, accumulation of SRF is slow 
so that at the time of presentation the macula is 
detached in the large majority of cases (85%). As 
time progresses signs of longstanding detach­
ment appear (see Chap. 4 and Fig. 4.5). 

• In the majority of cases the eyes are emmetropic. 

Break Features 

When the dialysis is fresh the break may be slit-like 
and difficult to detect, requiring gentle peripheral 
scleral depression. Dialyses may be multiple and if 
so are usually situated in the same quadrant of the 
retina separated by small bridges of retinal tissue. 
Giant dialysis (extending for more than one quad­
rant) is exceptionally rare. If longstanding the 
presence of the dialysis is often signposted by char­
acteristic whitish opacities and pigment collections 
in the vitreous overlying the dialysis (Chiggy's dots). 
With age the dialysis becomes easier to see, as it 
becomes somewhat retracted. 

Progression 

With inferior dialyses it is unusual for the SRF to 
rise much higher than the midline. 

Rhegmatogenous Retinal Detachment: Features of Special Types 

PVR 

The presence of PVR is usually limited to sub­
retinal strand formation and pre-retinal membrane 
formation is usually absent. 

Surgery 

RRD secondary to dialysis responds readily to con­
ventional buckling surgery. Reattachment is usually 
achieved, but return of central vision fol-Iowing 
longstanding detachment of the macula is usually 
disappointing. 

Retinal dialysis 

• Young patients 
• Premonitory symptoms of flashes and 

floaters are ab ent 
• May be a ociated with contusive or per-

forating trauma 
• Progression is insidiou . 
• Macula usually detached at presentation 
• Detection requires careful scleral indenta­

tion. 
• High-water marks and secondary intra­

retinal cysts may be found 
• Responds favourably to conventional sur­

gery, but visual results are often poor 

Giant Breaks 

Giant breaks are defined as those that extend for 90° 
or more of the retinal circumstances. 

Although these cases are rare (approximately 1 % 
of most retinal detachments series) they are import­
ant because they raise particular problems in man­
agement due to difficulties in reattachment. Most 
cases arise spontaneously following PVD although 
they may occur following either penetrating or con­
tusive trauma (including cataract surgery com­
plicated by vitreous loss and the manipulation of the 
vitreous resulting in direct vitreo-retinal traction). 
Some are associated with congenital abnormalities 
(e.g. Stickler's syndrome). The mechanism by which 
giant breaks are formed is poorly understood. 



Unusual Breaks 

Clinical Features 

The average age of this group is lower than that in 
the detachment population as a whole and the male 
sex is favoured. There is a greater tendency to 
myopia. The breaks arise in the pre-equatorial 
region (the temporal side being more affected than 
the nasal) from retina that had no obvious abnor­
mality. The upper half of the retina is much more 
likely to be affected than the lower. It is rare for 
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lattice degeneration to be found (except in cases of 
Stickler's Syndrome where extensive lattice changes 
may be found), but areas of white without pressure 
may be seen both in the affected and fellow eye. In 
non-traumatic cases the eventual incidence ofbilat­
erality is approximately 50%. In addition to the 
usual symptoms of posterior vitreous detachment 
the movement of the mobile posterior flap of a giant 
break may produce the unusual symptom of a dense 
moving curtain passing in front of the eye as it 
interferes with central vision. 

Fig. 5.2. Giant retinal break. 
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Break Features 

In a giant retinal break the posterior hyaloid is firmly 
attached to the anterior flap of the break, allowing 
independent mobility of the posterior flap of the 
break (Figs. 5.2, 5.3). Attachment ofvitreous usually 
produces quite substantial elevation of the anterior 
post-oral retina. Satellite tears are often found in 
association with the extremities of the giant break at 
the same circumferential level and occasionally they 
are quite numerous. In giant retinal dialysis (excep­
tionally rare) vitreous remains attached to the 
posterior edge of the retina. In a giant break the 
movement of the posterior flap is variable and 
although tending to stay in situ initially will usually 
subsequently flap back over so that the back of the 
neuro-epithelium is viewed on ophthalmoscopy. 

Fig. 5.3. There is no vitreous attachment to the posterior edge of the break 
which is freely mobile. 

Progression of RRD 

Surprisingly in giant breaks of recent onset retinal 
detachment itself may be limited, but eventually the 
retina becomes totally detached. 

PVR 

Giant breaks have a particular tendency to form 
peri-retinal membranes presumably due to the easy 
access of pigment epithelium to the pre-retinal 
surface. These membranes eventually limit the 
movement of the flap which becomes progressively 
more immobilised. The flap itself will tend to roll up 
and become fixed in a retroverted position and 
eventually incorporated into dense fibrous tissue. 

Rhegmatogenous Retinal Detachment: Features of Special Types 

Surgery 

The surgery of giant br,~aks is difficult and requires 
Ppv. 

Family History 

In cases of Stickler's syndrome other members of 
the family should be examined as there is a strong 
family history in this condition. 

Giant retinal breaks 

• Giant breaks are rare 
• They usually arise spontaneously 
• The vitreous is attached to the anterior 

edge of the break 
• The posterior flap of retina is initially 

freely mobile 
• Satellite breaks are common 
• PVR appears rapidly 
• Surgery is difficult and requires PPV 

Macular Breaks 

Although rare, macular breaks associated with RRD 
are of importance because of the difficulty that they 
pose in clinical management. These breaks are 
almost invariably round holes. Senile macular holes 
of a degenerative nature in a non-myopic eye do not 
progress to RRD (see Chap. 19). 

Macular breaks may be found in association with 
RRD in the following ways (Fig. 5.4): 

1. High myopia. The macular holes in these cases 
are responsible for the production of the RRD. 
Slit-lamp biomicroscopy is required to see these 
breaks which are poorly contrasted with the 
underlying white reflex from choroido-retinal 
atrophy which is invariably present. The role of 
vitreous traction is uncertain, but focal vitreo­
retinal traction on the break is rarely seen. 
Posterior staphyloma is usually present. SRF 
accumulates progressively and often quite 
slowly from the posterior pole, but eventually 
spreads to involve peripheral retina. The pre­
monitory symptoms of retinal detachment are 
usually absent. Patients usually notice reduction 
of central vision as the presenting symptom. 
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a b 

Fig. 5.4. a The macular hole is the primary cause of RRD; b The macular hole is secondary to peripheral RRD. 

Surgery: PPV is usually necessary to treat these 
cases. 

2. Macular holes occasionally form as a secondary 
effect of the advancing wall of sub retinal fluid, 
arriving at the macula from the extension of 
a peripheral retinal detachment from a periph­
eral break. The reason why secondary macular 
holes may form in this way is very poorly 
understood. The restoration of central vision 
following reattachment is prejudiced by their 
presence. 
Surgery: needs only to concentrate on closure 
of the peripheral break. 

Other Breaks at the Posterior Pole 

Breaks other than at the macula are unusual but 
may be found: 

• As small para-vascular slits in the highly myopic 
eye 

• Large tears following acute posterior vitreous 
detachment in the contused eye 

• Small iatrogenic perforations may be found in 
the posterior pole because of accidental damage 
caused by perforation of the globe as a conse­
quence of local anaesthetic blocks. 

Surgery: PPV is needed. 

RRD and Other Posterior Segment 
Disorders 

• RRD and choroidal detachment (see Chap. 4) 
• RRD and retinoschisis 

• RRD and TRD 
• RRD and coloboma 
• RRD and inflammation 

Retinoschisis and Retinal Detachment 

RRD complicating retinoschisis is rare. If RRD 
occurs then breaks are found in both inner and 
outer layers of the retinoschisis cavity. Inner leaf 
breaks (connecting the schisis cavity with the vitre­
ous compartment) are round holes and difficult to 
find. Outer leaf breaks connecting the schisis cavity 
to the sub retinal space may vary substantially in size 
and can be large and oval or kidney-shaped, often 
with a rather ill-defined rolled posterior border (Fig. 
5.5). Signs of retinoschisis are usually found in the 
other eye. Occasionally, retinoschisis may be found 
as an incidental feature in an eye with retinal 
detachment where a break arises quite separately 
from the area of schisis. In these cases, the retinal 
detachment can be treated ignoring the schisis. 

Surgery: these cases are usually treated by con­
ventional surgery with drainage of sub retinal fluid 
and buckling to close both inner and outer leaf 
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Fig. 5.5. Retinoschisis complicated by RRD.lnner and outer leaf breaks are seen 

breaks. If this is not possible then PPV may be 
needed. This may be difficult as posterior vitreous 
detachment is often poorly developed. 

RRD Secondary to TRD 

In a small proportion of patients with TRD com­
plicating vaso-proliferative retinopathy of which 
diabetes is by far the most common (others include 
branch vein occlusion, HbSc disease and inflam­
matory retinopathies), a full-thickness break may 
be produced as a consequence of vitreo-retinal trac­
tion. These breaks are usually found in close prox­
imity to the fibrotic component of the neovascular 
complex and therefore most often found in the pos­
terior retina. Reduction of vision is the commonest 
presenting feature due to detachment of the macula; 
other premonitory symptoms do not occur (see 
Chap. 3). 

Surgery: these cases almost invariably require 
PPV to achieve relief of vitreo-retinal traction and 
internal closure of the retinal breaks. 

RRD and Coloboma 

Retinal detachment is sometimes seen in uveal 
colobomata and may be of two main types: 

l. The detachment arises from breaks quite sepa­
rate from the coloboma itself, in which case the 
detachment can be managed without regard to 
the coloboma. 

2. The detachment appears to have arisen from 
breaks in the coloboma. These breaks are 
difficult to find and these cases are usually 
treated with PPV. 
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RRD Secondary to Inflammatory Disease 

Breaks leading to RRD may be produced in inflam­
matory ocular disease in a variety of ways: 

• Infiltration of white cells into the vitreous may 
cause degeneration and collapse with PVD and 
retinal break formation. This is an unusual 
complication of uveitis. 
Surgery: if the retinal view is good and the breaks 
can be detected then conventional retinal surgery 
may be used. If the view is poor due to vitreous 
opacities, then PPV will be needed. 

• Breaks may be produced by contraction of focal 
areas of inflammatory fibrotic tissue (e.g. on the 
edge of a toxocara scar in the retinal periphery). 
Surgery: it is often difficult to find these breaks 
and PPV will usually be necessary. 

• RRD may be secondary to TRD in inflammatory 
vaso-proliferative disease (e.g. sarcoidosis). 
Surgery: PPV. 

• Retina may be directly weakened by inflam­
mation (e.g. acute retinal necrosis, and cyto­
megalovirus retinitis) resulting in melting of 
retinal tissue and break formation. The latter 
may be exacerbated by vitreous detachment 
induced by inflammation. 
Surgery: PPV. 

Clinical Features of Retinal 
Detachment after Cataract Surgery 

The usual interval between cataract extraction and 
retinal detachment is approximately 1 year. This 
interval is considerably shortened if vitreous has 
been lost at the time of surgery and greatly length­
ened in the case of retinal detachment following 
congenital cataract surgery where the interval may 
be 15-20 years. Total retinal detachment appears to 
occur more readily than in the phakic eye and 
macular detachment is disappointingly common 
(about 85% of cases). There is an increased 
tendency for retinal breaks to be multiple. 

Special problems of RRD management after 
cataract surgery are: 

• Break detection. A reduced view is caused by 
lens or capsular remnants and difficulty with 
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pupillary dilatation, (e.g. caused by posterior 
synechiae or pupil capture). These difficulties are 
compounded by awkward reflexes from the 
intraocular lens. 

• Peroperative difficulties (see Chap. 15). These 
include difficulty in visualisation, instability of 
the intraocular lens, (with a risk of dislocation 
and haemorrhage into the anterior chamber) and 
difficulties with gas injection into the eye, e.g. gas 
may enter the anterior chamber (see Chap. 15). 

Surgery 

If the retinal view is good and breaks can be found 
then the detachment may be treated in exactly the 
same way as phakic eyes (see Chap. 10). In the event 
of obscuration of the retinal view, PPV is necessary 
and is useful in a substantial proportion of pseudo­
phakic cases, particularly as the main complication 
of PPV (i.e. the production of a lens opacity) cannot 
occur. 

Features of RRD Suggesting a Poor 
Prognosis 

These are the clinical signs that indicate successful 
reattachment will be difficult and that visual expect­
ations are reduced: 

• Threatened PVR 
• Established PVR (see Chap. 6) 

Threatened PVR 

PVR is not established, but risk factors for its devel­
opment are present and these include: 

• Difficult breaks. Breaks may be described as 
difficult either when they are going to be a 
problem to close because of their size (a giant 
break is an extreme example), because of their 
position (posterior breaks are difficult to get at), 
because of a complex arrangement (breaks 
widely scattered and arranged at different 
antero-posterior location) or because they are 
poorly seen. If breaks are not closed failure will 
occur and the appearance of PVR promoted. 
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• Uveitis 
• Haemorrhage (vitreous and choroid). 
• Choroidal detachments. 
• Perforating injuries. 
• Combined RRD and TRD 
• Failed surgery 

Rhegmatogenous Retinal Detachment: Features of Special Types 

Nothing is more likely to promote failure than a 
poorly conceived surgical approach. If breaks are 
not closed and retina. remains or becomes re­
detached then the inflammation induced by the 
various surgical mov,~s (e.g. cryotherapy, SRF 
drainage, vitreous gases) will contribute to the 
production ofPVR. 



Proliferative Vitreo-retinopathy (PVR) 

PVR 
• Pathobiology 
• Clinica l features 
• Predisposing factors 
• Classification 

PVR is the growth of fibrocellular tissue on the 
surface of the retina and the vitreo-retinal interface. 
It is a modified form of wound healing initiated 
by retinal breaks and usually resolves by prompt 
reattachment of the retina. 

Pathobiology 

The biological response to retinal detachments 
involves the following: 

• Initial injury: inflammatory response associated 
with breakdown of blood ocular barrier. 

• Cellular response: formation of simple epiretinal 
membranes and complex epiretinal membranes. 

• Role of cytokines and matricellular proteins 
• Re-modelling and contraction of the extra­

cellular matrix 

• Resolution. 

Initial Injury 

The PVR process can be considered as a modified 
wound healing process which is initiated by injury. 
In the case of the retina the injury begins with the 
formation of the retinal break associated with 
varying amounts of haemorrhage from broken 
blood vessels. The internal limiting lamina of the 
retina is breached. Having lost its apposition to the 
neuro-sensory retina, the cells of the retinal pigment 
epithelium are liberated and gain access to the 
vitreous cavity via the break. The early response is 
one of inflammation accompanied by the break­
down of the blood-retina barrier. Macrophages 
(derived from blood monocytes and retinal neural 
elements) and lymphocytes infiltrate the vitreous 
cavity. The breakdown of the blood-ocular barrier 
permits fibrin and clotting cascade proteins to enter 
the vitreous cavity. 

Cellular Response and the Formation of 
Simple Epiretinal Membranes 

The break in the internal limiting lamina stimulates 
glial cells to migrate to the inner retina surface. The 
initial simple epiretinal membranes that form are 

Break closure and retinal reattachment 
prevents PVR onset or halts progression 
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made up of glial elements on the surface of the 
retina. Further recruitment of retinal pigment 
epithelial and other cells contributes to the forma­
tion of complex epiretinal membranes. As with any 
wound healing process, cytokines playa vital role 
in cell-to-cell interactions including recruitment, 
proliferation, secretion of extracellular matrix, 
adhesion and migration. 

Role of Cytokines and Matricellular 
Proteins 

Cytokines are small polypeptides or glycoproteins 
and they bind to specific receptors on cell surfaces. 
They act as chemical mediators between different 
cell types. Important cytokines include growth 
factors, e.g. transforming growth factor-f3, fibroblast 
growth factors, platelet-derived growth factor and 
the interleukins (I, II and VI). Other cytokines 
which have been demonstrated to playa role in PVR 
include cell adhesion molecules and tissue necrotic 
factors. Larger proteins such as fibronectin and 
fibrin degregation product are strongly chemotatic 
and may perform an important function in cellular 
recruitment. 

The cellular component of complex epiretinal 
membranes is mixed. Epiretinal membranes vary 
greatly in the degree of cellularity with younger 
membranes being more cellular. Immunological 
staining has identified a proportion of the cells 
being of retinal pigment epithelial and glial in 
origin. There remains a large proportion of 
fibroblast-like cells the source of which is obscure. 
All are capable of secretion of extracellular matrix 
proteins and collagen. These so-called matricellular 
proteins may form important interactions with the 
cellular component. Glycoproteins such as throm­
bospondin, laminin and tenacin interact with the 
retinal pigment epithelial cells and fibroblast and 
may modulate their motility. 

Re-modelling and Contraction of the 
Extracellular Matrix 

The main fibrous component of epiretinal mem­
branes is type I collagen (with variable amounts of 
type II, III, IV), laminin and fibronectin. In vitro 
models have shown that the migration of retinal 
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pigment epithelial cells (and tissue fibroblasts) 
causes contraction of the collagen fibres. The gath­
ering of the collagen into bundles, secretion and re­
modelling leads to the contracted scar tissue. 
Enzyme systems such as the metallo-proteases 
secreted by the cells break down the extracellular 
matrix whilst new collagen is secreted. In vitro, 
inhibitors of such enzymes stop the motility of 
retinal pigment epithelial cells in collagen gels and 
prevent their contracture. As the epiretinal mem­
branes become mature, more collagen is laid down 
and it becomes relatively hypo cellular. Unlike 
healing in other parts of the body there is usually 
little or no vascular proliferation. 

Resolution 

If it is possible to achieve break closure and retinal 
reattachment, the PVR process often but not invari­
ably enters its resolution phase. The integrity of the 
blood-ocular barriers is restored and the drive for 
further cellular proliferation and migration ceases. 
In some cases, resolution does not occur until there 
is total retinal detachment with the fibrous contrac­
ture leading to the retina adopting a closed funnel 
configuration and obscuring the optic disc. The 
precise mechanism by which this resolution process 
is modulated is unknown. 

Clinical Features 

Clinically the PVR process is recognised by the fol­
lowing signs: 

• Vitreous haze 
• Cellular infiltration and relative rigidity of the 

retina 
• Eversion of the edges of the retinal tears 
• Diffuse proliferation in the posterior retina 
• Focal proliferation manifesting as star folds 
• Circumferential contracture along the posterior 

border of the vitreous base 
• Radial contracture of the vitreous base leading to 

anterior displacement of the retina towards the 
ciliary process and posterior iris surfaces 

• Sub retinal fibrosis. 



Predisposing Factors 
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The clinical appearances, distribution of PVR, its 
appearance, rate of progression and response to 
surgery are still poorly understood. The early stages 
of PVR are characterised by the presence of vitreous 
haze. The gel usually shows pigment clumps. There 
is reduced motility of the gel that can be observed 
on biomicroscopy and on dynamic B-mode ultra­
sonography. The edges of retinal tears are rolled and 
distorted (Fig. 6.1). The operculum of the large 
retinal tear may be anteverted. Surrounding retinal 
surfaces appear to be stiffened. Some retinal breaks 
are obscured by epiretinal membranes. Retinal 
vessels are drawn into the contracting epic entre of 
the membrane so that they are straightened cen­
trally and distorted in the immediate vicinity of the 
membrane. They may also be partially obscured by 
membrane. 

Pre-retinal membranes usually favour the lower 
half of the retina (probably due to gravitational fallout 
of cells) and also the anterior third of the retina is 
more often involved than posterior retina (Fig. 6.2). 
In moderate PVR, the surface of the retina is wrin­
kled. Fibrosis may be diffuse and scattered through­
out the retina. If focal, the fibrotic areas result in 
radiating creases in the retina (a starfold; Fig. 6.3). 
Further contracture of the epiretinal membrane 
causes the retinal detachment to assume a cone­
shaped configuration and eventually, the posterior 
leaves of the retina may be apposed to form a narrow 
tube (Fig. 6.4). In advanced PVR, the fibrosis is con­
centrated in the vicinity of the vitreous base where it 
gives rise to a purse-string effect. In eyes which had 
had previous vitrectomy and gas tamponade, the trac­
tion process often involves the pars plana and mem­
branes become adherent to the pre-equatorial retina, 
ciliary processes and sometimes the posterior surface 
of the iris in aphakic or pseudophakic eyes. 

Subretinal membrane is usually associated with 
longstanding detachments and is found particularly 
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Fig. 6.1. Effect of PVR on breaks: 
a rolling of retinal tear; b elongation 
of tear due to more centrally placed 
membrane, 

in younger patients and following trauma (Fig. 6.5). 
If not too extensive it may be ignored as it will 
not usually interfere with the process of reattach­
ment. However, sometimes they may be very ex­
tensive, not only in the peripheral retina, but may 
affect posterior retina contributing to the funnel 
effect of retinal detachment (the napkin ring effect 
around the disc). In these cases surgical removal is 
necessary. 

Predisposing Factors 

The following clinical features increase the risk of 
development of PVR in RRD: 

• The presence of large retinal breaks 
.' The presence of blood in the posterior segment 
• Failed surgery (especially if complicated by 

haemorrhage or excessive cryotherapy) 
• Longstanding retinal detachment 
• Ocular inflammation 

Proliferative vitreoretinopathy is caused by retinal 
detachment. It is rare for PVR to be present in fresh 
cases (detachment for less than two weeks). Prompt 
reattachment by closing all breaks will prevent the 
appearance of PVR and in cases when PVR is 
present, but not extensive, reattachment of the 
retina will result in resolution of the PVR process. 
Failed surgery however, promotes the onset and 
progression of PVR making subsequent reattach­
ment very much difficult. 

When severe PVR is established, even apparently 
identifying and closing retinal breaks, and relieving 
tractional systems upon the retina will not necess­
arily halt the inexorable march of this process. 
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Fig. 6.2. Advanced PVR. Previous retinal surgery has failed. The retina is totally detached, multiple retinal folds are seen in inferior retina with 
pigment clumps in gel and on the retinal surface. Fibrosis and contraction of the vitreous base pulling ora serrata posteriorly is seen. 

Reproliferation and recontraction may reopen 
apparently closed breaks. 

Retinal features and PVR 

• Membranes obscure and djstort breaks 
• Breaks are more difficult to close 
• Progression of PVR can reopen closed 

breaks 

Clinical Importance 

The presence of PVR is important because it makes 
retinal reattachment more difficult (the more 
complex the PVR the more difficult will be the 
reattachment) and it is also affects the visual result 
if the macula is involved in the proliferative process. 
Function is also threatened by the complex surgical 
moves necessary to achieve reattachment. 



Classification of PVR 

a 

b 

Fig. 6.3. a Immature starfold; b mature starfold distorting and immobilising a 
retinal tear. 

Fig. 6.4. Advanced PVR. 

Fig. 6.5. Subretinal membrane. 

Classification of PVR 

Classification of PVR 

Grade A 
Vitreous haze, vitreous pigment clumps, 
pigment clusters on inferior retina 

Grade B 
Wrinkling of inner reLinal surface, retinal stiff­
ne ,ve eI tortuosity, rolled and irregular 
edge of retina break, decreased mobility of 
vitreous 

Grade CP 1-12 
Posterior to equator: 
focal, diffuse, or circumferential full-thickness 
folds," ubretinal trands" 

Grade CA 1-12 
Anterior 10 equator: 
focal, diffuse, or circumferential full-thickness 
folds," subretinal strands," anterior displace­
ment," condensed vitreous with strands 

'Expre sed in number of clock hours involved) 
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GradeCPVR 

Type 

I. Focal 

2. Diffuse 

3. ubretinal 

4. Circumferential 

5. Anterior displacement 

Location 

Posterior to equator 

Posterior to equator 

Posterior/anterior to 
equator 

Anterior to equator 

Anterior to equator 

This classification is a surgical description of the 
PVR process at the time of the examination. For 
example, it will not give any indication as to the 
onset or rate of progression of the PVR process, nor 
does it consider retinal breaks. Although the more 
advanced stages of PVR represent a difficult sur­
gical challenge in terms of overcoming the mechan­
ical problems, it is not a reliable prognostic grading 
system. Thus some cases of Grade B PVR will 
progress inexorably and some cases of severe local 

Features 

Starfold posterior to vitreous base 

Conti uent starfold posterior to vitreous base 

Proliferation under the retina: annular 
trand near di C; linear strand; heets 

Contraction along posterior edge of 
vitreous base with central displacement of 
the retina stretched; posterior retina in 
radial fold 

Vitreous base pulled anteriorly by pro­
liferative tissue; peripheral retinal trough; 
ciliary process may be stretched, may be 
covered by membrane; iris may be retracted 

PVR (following for example trauma) may respond 
very poorly to surgery, while other very advanced 
cases may respond well. The grading system should 
therefore be regarded as providing clinicians 
with a means of describing the PVR picture. Like 
retinal drawings for simple retinal detachment, 
the classification provides a means of document­
ation. It is important for clinical studies and 
serves as a shorthand for communication of clinical 
data. 



Pre-operative Management 

Preoperative Management 
• Clinical care pathway 
• Documentation 

• Bed rest 
• General medical care 
• Inflammation and glaucoma 

• Infection 
• Consent 

The preoperative management of vitreo-retinal 
cases should include the following: 

• Documentation of clinical findings 
• Patient information and consent 
• Consideration of bed-rest 
• General medical treatment 
• Treating ocular inflammation and infection. 

Clinical Pathway of Care 

The use of Clinical Care Pathway is now widely 
adopted in many branches of medicine. This is a 
standardised protocol for management of specific 
conditions and it has many advantages: 

1. It provides a checklist all essential elements of 
the pre-operative and post-operative care 

2. It ensures that all important clinical information 
is properly documented 

3. It is an efficient way of communication between 
doctors, nurses and patients 

4. It provides a basis for audit 

Documentation 

The essential elements of a care pathway for vitreo­
retinal surgery should include documentation of the 
following: 

• History and pre-operative findings at presentation 

• Diagnosis 
• The proposed surgical operation 
• Patientlrelative counselling 
• Informed consent 
• Operative details 
• Operative complications 
• Post-operative management 
• Outcome measures 

Proper documentation also forms the basis of 
clinical teaching in research and is an important 
medico-legal record. In many health services there 
is a demand for efficiency and a need to audit 
outcome in order to justify resources. 

Counselling Patients 

The nature of many vitreo-retinal conditions such 
as retinal detachment, proliferative diabetic 

63 



64 

retinopathy and macular holes can be difficult to 
explain in simple terms to patients. Although ex­
planations should not be unnecessarily complex, 
patients undergoing vitreo-retinal surgery should 
have some awareness of the following: 

• The nature of the disease and the natural history 
of the condition 

• The success rate of the proposed operation and 
what success means in terms of both central and 
peripheral vision 

• The possible need for further surgery 
• Relevant operative and post-operative 

complications 
• Instructions for post-operative management 

(such as posture) and a warning about immedi­
ate post-operative expectations (e.g. symptoms 
such as pain, redness and watering of the eye and 
immediate post-operative visual expectation 
(may be better or worse) 

• Informed consent. 

Surgeons may not have the necessary time to 
impart all the routine information to a patient. 
Trained nurse practitioners, sometimes with the help 
of audio-visual aids, can be supportive in this role. 
The role of counselling is important in cases where 
patients' co-operation and motivation are required. 
This particularly applied to the use of internal tam­
ponade and the need for post-operative posturing. 
Counselling should take into consideration the needs 
of the individual and the capacity of the patient to 
absorb and use the information. Some anxious 
patients need to be reassured by receiving more 
information whilst others are happier leaving the 
decisions to the doctors and nurses. In general, it is a 
good idea to involve relatives, guardians and inter­
preters in the counselling process unless the patient 
specifically objects to this. If there are difficult 
choices to be made (e.g. whether to undergo an oper­
ation or not) the burden of the decision should be 
discussed and shared with other family members. 

Bed-Rest 

The indications for bed-rest are: 

1. To prevent further extension of retinal detach­
ment prior to surgery 
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2. To reduce the depth of subretinal fluid 
3. To promote settling of vitreous haemorrhage. 

A patient presenting with an acute retinal detach­
ment with the macula still attached is operated upon 
as soon as possible (wiithin 24 hours). While await­
ing surgery or if operation has to be delayed for 
medical or other reasons, then the patient should be 
immobilised to prevent further extension of the 
detachment into the macular region. The objective 
of positioning is to keep the break in the most 
dependent part of the '~ye. In the case of a superior 
break with the risk of rapid extension, the patient 
must be as flat as possible in the supine position 
with the head tilted towards the side of the retinal 
break. Detachments caused by inferior breaks are 
less likely to be rapidly progressive, but nevertheless 
the patient should be encouraged to rest quietly 
in the upright position. Double padding is rarely 
used. 

In a highly myopic patient a superior detachment 
may be so bullous as to obscure the optic disc and 
the macula. Bed-rest in the supine position will 
encourage retina to flatten. This may allow visual­
isation of the posterior pole, and the exclusion of 
macular holes or peri-vascular breaks, which may 
be highly relevant to the planning of surgery. 
Placing the break in the most dependent position 
the retina simply falls back as a result of gravity, 
sub retinal fluid flowing relatively easily from sub­
retinal to vitreal compartments particularly through 
a large retinal break. This process is reversed when 
the patient resumed an upright position. There is 
little point in attempting posturing in cases of 
chronic retinal detachment with small breaks. 

On some occasions, by reducing the depth of 
subretinal fluid, it is possible to convert a case 
that would otherwise have required drainage of 
sub retinal fluid to aid. localisation and to avoid 
excessive cryotherapy into one where a simple non­
drainage procedure may be performed. In patients 
with acute vitreous haemorrhages and retinal detach­
ment a short period of bed-rest will allow settling of 
the vitreous haemorrhage to enable a fundal view. 

General Medical Treatment 

Most cases of retinal detachment require urgent 
surgery but the need for surgery should not take 
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precedence over essential medical treatment. It may 
be necessary to defer surgery allowing time for cor­
recting uncontrolled diabetes mellitus, electrolyte 
imbalance, or the treatment of cardiac arrhythmia 
and heart failure. Depending on the reason for its 
use, Warfarin may be stopped for 48 hours prior to 
surgery. If, however, its continued use is considered 
advisable then there is no obvious risk of operative 
haemorrhage if the INR level is kept at 2 to 3. 
Systemic infections need to be treated. It is unwise 
to operate on patients with acute upper respiratory 
tract infections unless it is absolutely necessary. In 
patients with chronic obstructive airways disease, 
chest physiotherapy, antibiotics and broncho­
dilators may improve the pulmonary function prior 
to surgery. In the medical management of the 
patient, a co-operative effort of general physicians 
(calling on the subspecialties particularly of car­
diology, respiratory medicine, and diabetology) and 
of anaesthetists if general anaesthesia is to be used is 
in the best interest of the patient. It is unusual for 
these facilities to be available outside a well-staffed 
general hospital. 

Treating Inflammation and Glaucoma 

A mild anterior uveitis is often associated with acute 
retinal detachment and this does not require any 
specific pre-operative treatment. Reattachment of 
the retina with surgery usually leads to resolution of 
the iritis. Chronic retinal detachment can also some­
times present as uveitis. The retinal detachment can 
escape detection if it is peripherally situated and the 
fundus not examined with indirect ophthalmoscopy 
through a dilated pupil. 

Occasionally marked inflammatory changes are 
present (such as combined choroidal and retinal 
detachment pictures) and these cases are best treated 
with systemic non-steroidal anti-inflammatory 
agents combined with intensive topical steroid for a 
week or more prior to surgery. Mydriatics should be 
used to dilate the pupil and keep it dilated and hope­
fully breakdown any posterior synechiae that may 
have formed. 

Secondary glaucoma consequent to inflammatory 
eye disease or high intraocular pressure associated 
with severe primary open angle glaucoma should be 
treated medically with topical therapy or systemic 
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acetazolamide to lower the pressure to near normal 
levels prior to surgery. 

Infection 

Periocular infection such as staphylococcal blephar­
itis or meibomitis is treated to prevent contamina­
tion of the surgical field during surgery. Surgery 
should preferably be delayed and patients are best 
treated with a topical medication (e.g. chloram­
phenicol ointment twice daily). At the time of 
surgery, the lids and the conjunctiva should be 
cleaned with an antiseptic such as 5% solution of 
Povidon iodine. 

Extruding buckles without obvious sign of infec­
tion should be removed prior to surgery, but in the 
main they do not need to delay surgery, particularly 
if it is urgently indicated. If there is obvious infec­
tion as exemplified by the presence of a mucopuru­
lent discharge from the sinus, a granuloma or the 
presence of cellulitis, then a preliminary operation 
should be performed to remove the offending 
buckle. Definitive intraocular surgery may have to 
be delayed for 2 weeks to ensure that the wound site 
is sterile. When removing an infected explant, care 
should be taken to excise all extra scleral portions of 
the sutures. If there is infection it is unwise to drag 
the suture through its scleral track as this may risk 
intraocular spread. 

Obtaining Consent 

The informed consent should: 

• Be in simple language which a patient can 
understand 

• Include a simple discussion of the diagnosis, the 
surgery proposed, the likely visual outcome and 
possible complications 

• Confirm the patient's capacity and willingness to 
receive this information 

• Avoid the use of jargon such as 'cryotherapy and 
plombage', which may mean little to the patient. 
Abbreviations should be avoided. 

It is important to convey possible complications 
associated with surgery. This should be done in a 
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sensible and sympathetic way, rather than providing 
the patient with a litany of possible disaster. In 
general it is reasonable to indicate complications 
where they have more than a 1 % chance of occur­
ring. For example, in the case of vitrectomy per­
formed for the treatment of macular hole, it is 
reasonable to discuss cataract as a complication but 
not endophthalmitis. 

Similarly when silicone oil is used, it is important 
to inform the patient of the main complications, e.g. 
it may be necessary to have a second operation, at 
the end of say 3-6 months, to remove the silicone 
oil. Cataract formation occurs in virtually all 
patients, irrespective of when the oil is removed. 
When silicone is used as a permanent internal tam­
ponade, then there is an increasing likelihood of 
developing glaucoma. Most patients require long­
term if not life-long follow-up. 

When obtaining consent for retinal re-attachment 
surgery, it is advisable to discuss surgical failure as a 
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possible complication even though the surgeon 
should convey optimism. Even relatively straight­
forward operations, like scleral buckling and non­
drainage surgery, may have a failure rate of 5%, 
effectively, one in twenty cases. Failures occur with 
more regularity in complex cases, and it is sur­
prising how patients and surgeons are often ill­
prepared when this happens. The patient needs to 
be involved in the decision process of deciding to 
undergo surgical operation. Patients need to under­
stand that successful treatment depends not only on 
the skill of the surgeon but on the complexity of 
the retinal detachment. The patient must coun­
tenance the possibility of surgical failure, before 
signing the consent form and undergoing treat­
ment. It is the responsibility of the surgeon to give 
a realistic appraisal of the chances of success, and 
the likely outcome in terms of vision for the eye 
after surgery. 



Rhegmatogenous Retinal Detachment: 
Principles of Surgical Management 

RRD - Principles of Surgical Management 
• Break closure 
• Relief of traction 

• Buckles 
• Internal tamponade 
• Vitrectomy 

Principles for Reattachment of the 
Retina 

In RRD, detachment is produced subsequent to 
break formation. The accumulation of SRF usually 
results from vitreous traction upon the break and/or 
the surrounding retina. The treatment of RRD 
attempts to reverse this process and the principles 
of treatment involve ways of closing retinal breaks 
and relieving retinal traction. When RRD is com­
plicated by PVR then surgical reattachment 
becomes more complex due to the development of 
additional tractional systems. 

Break Closure and Relief of Traction 

The aim of surgery is to reattach the retina by 
means of a series of steps which have the greatest 
chance of success while incurring the least mor­
bidity. Successful repair of retinal detachment 

depends on permanent break closure and the relief 
of traction. Scleral buckling, internal tamponade 
and vitrectomy combined with retinopexy to 
achieve sealing of the break are all different means 
of achieving these objectives. In general the more 
extensive the surgery the greater the morbidity, thus 
it is desirable to use the simplest combination of 
surgical steps. 

Relief of Traction Without Break Closure 

In repairing retinal detachment uncomplicated by 
advanced PVR it is desirable but not essential to 
achieve both objectives of break closure and relief of 
traction at the time of surgery. Thus, in non­
drainage surgery when there is fluid between break 
and pigment epithelium, the break may still be open 
at the end of the operation. However, if the buckle is 
correctly positioned the retinal break will close in 
the post-operative period, probably due to the relief 
of vitreo-retinal traction upon it. 

Break Closure Without Relief of Traction 

An example is pneumatic retinopexy. The tampon­
ade effect of the gas bubble closes the retinal break, 
but no additional specific measure is used to relieve 
dynamic traction, although the bubble itself may 
partially reduce it. When the bubble is absorbed, 
dynamic traction is reactivated. Although this tech­
nique is apparently attractive, the reattachment 

67 



68 

Break closure may be achieved by: 
• Scleral buckles 
• Internal tamponade 

rates and complications do not appear to have any 
advantage over conventional scleral buckling and 
pneumoretinopexy is not favoured by the authors 
for the treatment of primary retinal detachment. 

Retinopexy 

Successful long-term reattachment depends on the 
formation of a watertight seal of the break through 
the use of laser photocoagulation or cryotherapy. 
With either method (laser retinopexy probably acts 
quicker) secure intraretinal adhesion is not achieved 
for approximately 2 weeks from the time of applica­
tion. If, therefore, retinal breaks are not buckled 
then internal tamponade must be active for this 
length of time to secure the breaks. 

The various methods used to achieve break 
closure and relief of traction will now be considered 
in more detail. 

The Scleral Buckling Procedure 

Modern surgery uses sponge or solid silicone 
explants to create full-thickness scleral buckling. 
Questions relating to scleral buckling are (1) how 
does it cause the relief of dynamic and static trac­
tion; and (2) should buckles be applied radially or 
circumferentially? 

Scleral Buckling to Close Breaks and 
Relieve Dynamic Traction 

It is easy to appreciate that scleral buckling resulting 
in internal indentation may close a retinal break 
by approximating the pigment layer to the neuro­
epithelium. However, it is more difficult to con­
ceptualise how the application of an explant relieves 
dynamic traction. This pull is strongest, when the 
vitreous is detached, and exerted acutely at the 
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posterior border of the vitreous base. The vitreous 
could be pictured as a set of curtains hung on a 
curtain rail. When the curtain billows in the wind 
the pull is exerted at the attachment of the curtain, 
namely the curtain rail. In the eye, the rail cor­
responds to the vitreous base. When an indent is 
applied at the vitreolls base the highest point of 
indent is closer to the centre of the globe. The 
weight of the vitreous is therefore borne by its 
attachment to the retina adjacent to the indent. If we 
return to the analogy of the curtain, an indent is 
pictured as a curtain rail having a downward bend. 
It is then easy to imagine how the weight of the 
curtain is taken up by the curtain rail, adjacent to 
this bend. 

Static Traction 

When static traction is judged to be present, and has 
not been relieved by surgical manoeuvres such as 
epiretinal membrane dissection, permanent buckles 
are useful to close breaks and to relieve the perma­
nent tractional forces upon them. 

Radial vs CircumferEmtial Elements 

The vitreous base sits astride the pars plana and the 
ora serrata over a width of several millimetres. An 
indent whether it is created by a circumferential or a 
radial element, would bring the posterior border of 
the vitreous base closer to the centre of the eye. The 
weight of the vitreous, and thus the traction upon 
the retina is transferred to the area of the retina sur­
rounding the indent. With a radial indent, dynamic 
traction is shifted laterally and anteriorly whereas 

Circumferential explants are useful when: 

• Two adjacent breaks are eparated by less 
than 2 clock hour (or 8 mm apart on the 
surface of the sclera) 

• Multiple retinal breaks are in close 
proximity 

• If a single retina break is situated directly 
under a rectus muscle 
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with a long circumferential indent the transfer of 
traction is only anteriorly. 

When treating a retinal tear, the perceived trac­
tional force is acting on the horns of the tear and 
adjacent retina, therefore greater support may need 
to be applied anteriorly. For small round holes, 
anterior support may not be as important. 

When a buckle is applied, there is a tendency for 
the buckle to cause a grove in the sclera along the 
long axis of the explant. A radially applied element 
would tend to make a radial groove in the sclera 
extending anteriorly to the ora serrata, and pos­
teriorly towards the equator. It is, therefore, easier 
to ensure that the break is supported sufficiently 
anteriorly when the radial element is used. 

In selecting either radial or circumferential 
buckles the two factors for consideration are: which 
buckle is best for relieving the traction that is 
present, and second which buckle is best for 
achieving break closure considering the various 
configuration of breaks that may be encountered 
(Fig. 8.1). 
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The following is a guide in buckling selection: 

• Radial buckles which give good anterior support 
are useful for single breaks (particularly tears) or 
two separate tears provided they are separated 
by a quadrant or so 

• Circumferential buckles are indicated when 
retinal breaks are multiple and in close proxim­
ity to each other, or if breaks are closely related 
to muscle insertions. When adjacent breaks are 
separated by 2 clock hours (approximately 8 mm 
apart on the surface of the sclera) or less it 
becomes awkward to apply multiple radial 
buckles and circumferential ones should be used. 

In some situations the choice between radial and 
circumferential buckling may not be critical (for 
example, one or two small round holes in close prox­
imity which can be buckled with either method). 
Radial buckles tend to produce more astigmatic 
refractive errors than circumferential ones, but the 
latter have a greater risk of folding and fish mouthing. 

Fig. 8.1. Choice of buckles to seal various types and arrangements of retinal breaks. 
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Retinal Folds and Fish-Mouthing of 
Retinal Breaks 

This is the formation of retinal folds, which may 
give rise to the fish-mouthing phenomenon. Scleral 
buckling greater than 900 effectively shortens the arc 
of the scleral circumference under the buckle. This 
shortening tends to give rise to folds in overlying 
detached retina, running in an axis that is perpen­
dicular to the long axis of the explant (Fig. 8.2). This 
tendency to folding is accentuated by increasing 
depth of sub retinal fluid. When there is a great 
depth of subretinal fluid, retinal folds produced by 
circumferential explants tend to be large and few in 
number, and when subretinal fluid is shallow, the 
folds tend to be numerous and occur as small pleats. 
If retinal breaks are situated on the anterior aspect 
of the fold, the shape of the break is distorted, giving 
rise to the appearance of a fish mouth. This tends to 
prevent break closure and promotes surgical failure. 
When long circumferential buckles are to be used 
and sub retinal fluid is deep, it is advisable to drain 
subretinal fluid and perform the D-ACE sequence, 
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which has as one of its main advantages the avoid­
ance of this complication (see Chap. 10). 

Radial explants never extend more than 900 and 
therefore folds produced by radial elements are 
insignifican t. 

Encircling Explants 

Encircling explants are part of the historical evolu­
tion of retinal detachment surgery. By reducing the 
circumference of the globe in the plane of the encir­
clement, the procedure was considered almost 
mandatory for retinal detachment. However, suc­
cessful use of local buckles has proved this incorrect 
and the encirclement procedure is now rarely used 
for simple cases. If they are employed, silicone 
rubber bands with underlying rubber tyres are used. 
The encirclement procedure increases the risk of 
post-operative complications (See Chap. 11). 
However, in some cases of RRD without PVR it still 
does have some use. For example, when multiple 
breaks are disposed around the twelve 0' clock 

Fig. 8.2. A bullous retinal detachment is present a. 
Circumferential buckling of 900 combined with 
drainage alone b results in multiple radial retinal 
folds. This will not happen if the D-ACE procedure is 
used c. 
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Fig. 8.3. The combination of an encircling rubber band and a localised silicone 
rubber explant to buckle two adjacent retinal tears. 

hours it may become impractical to use multiple 
local buckles. If under these circumstances pars 
plana vitrectomy is not judged a better method then 
an encircling tyre of suitable width to give adequate 
support around each of the tears may be used 
(Fig. 8.3). This procedure will be combined with 
drainage of subretinal fluid and air injection into the 
vitreous cavity as part of the D-ACE procedure. This 
option is particularly suitable in the very rare cases 
when sclera is so thin as to be almost impossible to 
place scleral sutures for the purpose oflocal buckles. 

For eyes with anterior PVR an encircling element 
is used (usually a 40 or a 240 band) with a wide 
underlying silicone rubber gutter (e.g. 287) to 
support the whole area affected by PVR. 

Height of Indent 

It is necessary to assess the height of the indent 
required to relieve vitreo-retinal traction and to close 
a retinal break. The main considerations are the 
configuration and location of the retinal detachment. 
The depth of SRF is dependent on the state of the vit­
reo us, thus if the vitreous is very degenerative and 
collapsed there is a large retrohyaloid space allowing 
the retina to move forward. Thus the high myope with 
a degenerate vitreous usually presents with a highly 
elevated detachment, and a break situated in superior 
retina, such a break would require a high indent to 

Indications for encirc~ment 

• To support buckles and tyres in eyes with 
thin sclera 

• For multiple retinal breaks disposed in 
each quadrant of the fundus 

• To support static traction at the vitreous 
base in anterior PVR 
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achieve break closure, unless SRF was to be drained. 
This indent would have to be even higher if the break 
was more posterior and SRF depth even greater. 

Inferior retinal breaks seldom produce bullous 
retinal detachment, even if the vitreous is collapsed. 
This is because the vitreous gravitates and occupies 
the lower half of the vitreous cavity reducing the 
retrohyaloid space and the retinal detachment tends 
to be shallow. Therefore, inferior retinal breaks 
require a lower buckle to achieve break closure. 

In cases of bullous retinal detachment caused by 
superior retinal breaks there is a choice between a 
very high buckle without SRF drainage, or draining 
SRF and injecting an air bubble. Drainage of SRF 
and injection of air approximates the break to the 
underlying pigment epithelium, facilitating and 
minimising retinopexy. It is then unnecessary to 
raise anything but a low buckle to maintain break 
closure, by relieving local vitreoretinal traction. 

The following guide is helpful: 

• A higher buckle is needed to close a superior 
break 

• A higher buckle is needed to close a posterior 
break 

• A lower buckle will suffice for an inferior and 
anterior break. 

Materials for Buckling 

The materials selected for the buckling procedure 
depend upon the type of case being treated. If SRF is 
being drained at operation to approximate the break 
to the pigment epithelium, high buckles are not 
required and incompressible silicone rubber is per­
fectly suitable for this purpose. If, on the other 
hand, it is not possible to close the break at the time 
of surgery (as in many non-drainage situations) 
then some expansion of the buckle in the post-
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operative period is very helpful to achieve break 
closure. For this, silastic sponge is by far the most 
suitable material and should be used for most types 
of non-drainage surgery. 

Principles of Internal Tamponade 

The object of internal tamponade is to close the 
retinal break with a bubble of gas or oil until 
retinoxpexy has sealed the break. Any agent that 
forms an interface with water may be used for inter­
nal tamponade. In practice the choice lies between 
gaseous agents including air and a variety of inert 
gases, and silicone fluid. The consequences are: 

1. Two immiscible liquids in contact will form an 
interface 

2. Surface tension is generated by attractive forces 
at the interface (Van de Waal's principle). 

Van de Waal's forces are attractive forces between 
the molecules of the tamponade agent at the inter­
face. These attractive forces act in such a way as to 
minimise the surface area of the tamponade agent 
for a given volume, i.e. to form a spherical bubble. 
When a tamponade agent covers a retinal break, it 
prevents recruitment of vitreous fluid into the sub­
retinal space through the break. In this way break 
closure is achieved. 

The ability of the tamponade agent to cover the 
surface of the retina depends on three main factors: 

• Contact angles between the tamponade agent 
and the surface of the retina 

• The buoyancy of the agent 
• The shape the cavity. 

The Contact Angle 

When a bubble of tamponade agent is introduced 
into the eye there is an interaction between three 
phases in contact with each other. The tamponade 
effect is determined by the interaction between the 
retina, the tamponade agent, and its surrounding 
aqueous. The retinal surface is relatively hydro­
philic. Silicone oil being hydrophobic subtends an 
acute contact angle with the retina. Gases being less 
hydrophobic make a more obtuse angle with the 
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retina. Therefore for a given volume of internal tam­
ponade agent, gas covers a greater surface of the 
retina than silicone oil. The contact angles for small 
bubbles can be predicted by the surface tension 
alone. For larger bubbles however, other factors 
become important, and these include the buoyancy, 
the shape of the vitreous cavity, and therefore the 
curvature of the retinal surface in contact with the 
tamponade agent. 

Buoyancy 

Buoyancy is the difference between the specific grav­
ities of the tamponade agent and the intraocular 
fluid. The specific gravity of the vitreous fluid in the 
eye is close to that of water i.e. 1. The specific gravity 
of air and the various intraocular gases is less than 
0.01. Therefore air is very buoyant. A large bubble of 
air, tends to have a fla.t lower surface. Where the 
bubble is very small, (e.g. less than 0.1 ml) then 
surface energy plays an more important part and 
the bubble tends to be spherical. Silicone oil has a 
relatively high specific gravity. (Silicone oils of all 
viscosity have a specific gravity greater than 0.95). 
The buoyancy of silicone oil is therefore low and a 
bubble of silicone oil inside a water-filled cavity 
such as the eye tends to assume a more spherical 
shape. 

Shape of Cavity 

The shape of the vitreous cavity approximates that 
of a sphere, with the iris-lens diaphragm truncating 
this sphere and dividing it into an anterior and a 
posterior chamber. For discussion, the vitreous 
cavity is assumed to be spherical. The effectiveness 
of any agent can be described by the relationship 
between the volume of agent used and the area of 
retina in contact with the tamponade. 

Model eyes constructed of hydrophilic material 
have been used to study the filling of a spherical 
cavity with different tamponade agents. The filling 
characteristics of gas and silicone oil agents are 
depicted by Fig. 8Aa and Fig. 8Ab, respectively. 
Fig. BAa is a biphasic. The first part of the curve is 
steep. This explains the fact that a small bubble of 
tamponade agent can give rise to large area of 
retinal contact; for example, 0.3 ml covers up to one 
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Fig. 8.4. a A hydrophilic tamponade agent with a large contact angle and 
high buoyancy (e.g. gas) and consequently the bubble has a virtually bottom 
surface; b shows a hydrophobic tamponade agent (e.g. oil) with a small 
contact angle and low buoyancy. The bubble has a more spherical shape. 

quadrant of the retina. The next part of the curve is 
virtually linear whilst the last part of the plot rises 
steeply again. This suggests that a slight under-fill of 
the cavity would give rise to a disproportionately 
large area uncovered by a gaseous tamponade agent. 

For silicone oil, the filling is represented by Fig. 
BAb. Silicone oil is hydrophobic compared with gas. 
There is little contact or tamponade effect until the 
eye is half full. In practice, the aim is to achieve a 
near complete fill. The right part of the curve is very 
steep, which again indicates that a slight under-fill 
would expose a large area not in contact with the oil. 
The exponential rise of this part of the plot is the 
consequence of the eye being a near-spherical 
cavity. Silicone fluid cannot therefore be expected to 
completely fill the vitreous cavity and eliminate the 
space into which the retina can detach. Even the 
best possible clinical fill, inferior breaks (i.e. 
between the 4 and B 0' clock hours of the retina) will 
not be closed and will need to be supported by an 
additional scleral buckle. Any retinal breaks that are 
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not covered by the silicone oil will result in recur­
rent inferior retinal detachment. 

Expansion of Gas 

Undiluted insoluble gases expand when injected 
into the vitreous cavity (Fig. B.s). This expansion is 
due mainly to the absorption of nitrogen from the 
blood. The two most popular gases used are sulpha­
hexafluoride (SF6) and perfluoropropane (C3FB). If 
large volumes of these gases are to be used in the 
vitreous cavity, then they must be diluted with air so 
that they remain iso-volumetric, thereby avoiding 
the risk of subsequent expansion, which may cause 
glaucoma or central retinal artery occlusion. When 
the fill is complete, a 20% SF6:air ratio is recom­
mended and a 14% ratio when the gas is C3FB. For 
PPV uncomplicated by PVR the tamponade only 
needs to last long enough for the retinopexy to seal 
retinal breaks. A 20% SF6:air mixture will provide 
tamponade of superior breaks for approximately 14 
days (this time is somewhat shorter in the aphakic 
eye) . When 14% C3FB is used the gas remains in the 
eye for approximately 1 month. Tamponade of 
breaks below the midline is unreliable for a 
sufficient length of time for retinopexy to be effect­
ive. In these cases additional scleral buckling should 
be performed. 

l( volume 
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Fig. 8.5. Expansion of undiluted gas. 
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Principles of Vitrectomy 

By carrying out a vitrectomy, the bulk of the 
vitreous is removed and dynamic vitreo-retinal trac­
tion is therefore eliminated. It is then possible to 
close superior retinal breaks using internal tam­
ponade alone relying on retinopexy to seal the 
breaks, confident that traction on the breaks cannot 
be reactivated when the gas bubble absorbs. 

Vitrectomy has additional advantages in cases of 
RRD complicated by PVR. It provides access to the 

RhegmatDgenous Retinal Detachment: Principles of Surgical Management 

PPV 

• Eliminate dynamic traction 
• Allows relief of static traction 

retinal surface allowing removal of epiretinal mem­
branes. These are mainly on the pre-retinal surface 
but they may also be removed from the sub retinal 
aspect of the retina. 



Rhegmatogenous Retinal Detachment: 
Surgical Choices 

RRD - Surgical Choices 
• (onventionalsurgery without drainage 
• (onventionalsurgery with drainage 
• Pars plana vitrectomy 

The pre-operative examination will enable a de­
cision to be made about the type of surgical pro­
cedure. This decision will combine the twin objectives 
of first, using a procedure that carries with it the 
best chance of surgical reattachment and visual 
improvement with one operation and second, using 
the least traumatic and complicated method 
(Figs. 9.1 and 9.2). 

First Decision: Conventional or PPV? 

Conventional surgery is suitable for all cases when 

• Breaks are not too 'difficult' 
• PVR is either absent or poorly developed 
• Other unusual features are absent (e.g. intraocu­

lar foreign body, IOFB). 

PPV is indicated (Fig. 9.3) 

1. When breaks are difficult because of: 
• Size (greater than 1 clock hour in diameter) 
• Position (e.g. at the posterior pole) 

Fig. 9.1. Planning of surgery in cases uncomplicated by advanced PVR. 

7S 
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Fig. 9.2. Planning of surgery for RRD and PVR. 

• The relationship of breaks to one another 
(e.g. multiple breaks at different antero­
posterior locations) 

• Opacities in the media make them unseen or 
uncertain. 

2. PYR: PPY is indicated if PYR is either localised 
to the posterior pole (macular pucker) or to be 
sufficiently extensive enough to cause 
• Difficulty in break closure by concealment, 

distortion or immobilisation of retina near 
breaks. 

• Sufficient traction upon the retina to prevent 
retinal reattachment even if break closure 
can be achieved. 

3. The presence of other unusual factors demand­
ing an intraocular approach (e.g. IOFB, extens­
ive choroidal detachment). 

Rhegmatogenous Retinal Detachment: Surgical Choices 

Second Decision: Drainage or 
Non-drainage? 

If conventional external surgery is selected the next 
decision concerns drainage versus non-drainage. 

Non drainage is selected if 

• SRF between break and pigment epithelium is 
not deep (Fig. 9.4). 

• Break arrangement is not complex 
• Retinal mobility in the vicinity of the break is 

reasonable. 

Drainage of SRF (usually combined as part of the 
D-ACE procedure) is indicated in the following 
situations: 

• Highly elevated breaks (making risk of buckle 
localisation and retinopexy difficult if non­
drainage surgery is attempted) 

• The need to close breaks at surgery due to PYR 
near breaks 

• Non-drainage otherwise not indicated (e.g. a rise 
in intraocular pressure is dangerous) 

Decisions 1 and 2 enable a choice to be made 
between conventional surgery and PPY, and then 
between the types of conventional surgery. In the 
majority of ordinary cases these decisions are based 
on: 

• The characteristics of the retinal breaks 
• The depth of SRF under the breaks 
• The absence or degro~e of PYR if present 

Third Decision: Breaks not seen 

When breaks are not seen even after prolonged 
searching both pre- and per-operatively, and having 
excluded non-rhegmatogenous detachment the fol­
lowing action is advised (Fig. 9.5): 

• Opacities in the media. If these are the cause of 
the failure to see a break, or if the break that has 
been seen does not conform to the configuration 
of the SRF, then in most cases PPY is advised to 
clear the media and to find the hidden breaks. 

• Clear media. If in spite of assiduous searching 
when the media are clear and there is a good 
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Fig. 9.3. Indications for PPV in RRD: a opacities in the media; b macular hole causing RRD; (giant break; d macular pucker; e mUltiple breaks at different levels; 
f RRD complicated by PVR. 

Fig. 9.4. On pre-operative examination the scleral depressor approximates pigment epithelium to the break a; non-drainage surgery is indicated. In b the inter­
vening SRF is deep and the D-ACE procedure is chosen. 
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Fig. 9.5. Planning of surgery for RRD without detection of break. 

Rhegmatoqenous Retinal Detachment: Surgical Choices 

view of detached retina, then breaks must be very 
small. If RRD is localised (less than two quad­
rants) then it is reasonable to raise a presumptive 
buckle (usually a 5-mm pre-equatorial circum­
ferential sponge without drainage of SRF) based 
on the presumed site of a peripheral break at the 
posterior border of the vitreous base. If RRD is 
total or subtotal then presumptive buckling is 
too speculative and PPV with internal searching 
is advised. In high myopia (as there is an addi­
tional risk of unseen posterior breaks) PPV is 
more likely to be selected. 



Rhegmatogenous Retinal Detachment: 
Conventional Su 

RHO - Conventional Surgery 
• Non-Drainage 

- indications 
- cryotherapy 
- break localisation 
- buckles 

• D-ACE Sequence 
- indications 
- SRF drainage 

• Cryo, drain, buckle sequence 

Conventional surgery consists of external buckling 
either without drainage of SRF or if SRF is drained 
with or without added gas injection into the vitre­
ous cavity. 

The Non-drainage Operation 

Rationale 

The accurate placement of a scleral buckle, resulting 
in closure of the retinal break either at the time of 
surgery or in the post-operative period will result in 
spontaneous SRF absorption by the pump action of 
the pigment epithelium making surgical removal 
of SRF unnecessary. When SRF is very shallow 
breaks can easily be closed at the time of surgery 
but remarkably, even in cases when it is not possible 
to achieve break closure at the time of operation, 
a successful outcome will still occur. If the buckle 
has been placed accurately and is of adequate 
dimensions the break will gradually sink against 
the buckle in the post-operative period, and after 
break closure the remaining SRF will absorb (Fig. 
10.1). A little surgical nerve is required! 

Fig. 10.1. The non-drainage operation. In 
a the break is closed at the time of surgery. In 
b there is intervening SRF but accurate and 
adequate buckle placement will ensure sub­
sequent break closure. 

79 
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Advantages 

• Drainage of SRF is avoided, and with it related 
complications (e.g. choroidal haemorrhage, 
vitreous incarceration, intraocular infection) 

• The procedure involves minimal trauma, result­
ing in a quiet post-operative eye 

• In the event of re-operation the surgeon will 
return to an eye that has not been greatly 
disturbed by the previous procedure. 

Disadvantages 

• If SRF between break and pigment epithelium is 
substantial then accurate localisation of the 
buckle becomes more difficult 

o 

Rhegmatogenolls Retinal Detachment: Conventional Surgery 

• If it is impossible to close the break at the time of 
surgery with the cryo-probe then freezing through 
to the neuro-epithelium will require prolonged 
application. This rather heavy application may 
encourage pigment epithelial cells to disperse into 
the vitreous cavity via the retinal breaks thus 
tending to promote the process of PVR. 

• Buckle height is difficult to estimate and when 
silastic sponge is being used, it may be higher 
than expected and may result in significant post­
operative astigmatic refractive error. 

Scleral indentation under the break helps 
gauge SRF depth and indicate feasibility of 
non-drainage surgery 

Fig. 10.2a-e. Examples of non-drainage surgery. Local buckles 
without drainage of SRF can be used, as in all cases depth of SRF under 
the break is shallow. 



The Non-drainage Operation 

Non-Drainage: Yes 

The non-drainage retinal detachment operation is 
suitable for a wide range of simple detachment 
cases, particularly (Fig. 10.2) 

1. When SRF between break and neuro-epithelium 
is not too deep 

2. When the arrangement of the breaks is not too 
complex 

3. When detached retina has not become exten-
sively infiltrated by peri-membranes. 

Cases for re-operation and detachments arising in 
the aphakic or pseudophakic eye are perfectly suit­
able for non-drainage procedures provided the 
above criteria are followed. 

Non-Drainage: No 

1. Difficulty with buckle localisation. Accurate 
placement of the buckle to seal the retinal break 
is essential and this accuracy is threatened if 
• Deep SRF intervenes between break and 

pigment epithelium (Fig. 10.3) 
• Breaks themselves are complex either 

because of size, or position or arrangement. 
2. PVR. Cases with advanced PVR will not be suit­

able for non-drainage surgery. If breaks are 
immobilised and distorted by tangential traction 
or if retina elsewhere is affected, movement of 
retina towards pigment epithelium is severely 
impaired. In less advanced cases of PVR (cor­
responding to approximately C or less of the 
modern classification), rarely the non-drainage 
operation may still be used, but only if breaks 
are not immediately adjacent to peri-retinal 
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membranes and also if it is judged that the rest 
of the retina is not irreversibly fixed. 

3. Dangers of high intraocular pressure. While 
buckle sutures are being tightened during a non­
drainage operation, intraocular pressure may 
rise to over 60 mmHg It is dangerous to raise the 
intraocular pressure to this extent, when there is 
• Unseen optic disc. The disc must be inspected 

regularly during the non-drainage procedure 
to check that the central retinal artery is still 
patent. Operation is precluded if the disc 
cannot be seen either due to opacities in the 
media or by overhanging detachment 

• Thin sclera. Tying of the buckle sutures in tile 
non-drainage operation puts considerable 
tension on the adjacent sclera and if the latter 
is very thin, it may be impossible to get the 
sutures to hold. 

• Open angle glaucoma. The outflow channels 
may be unable to cope with the raised 
pressure and demand for increased aqueous 
outflow. The rise of pressure may be there­
fore unduly prolonged, which not only 
results in risk of ischaemia of the optic disc, 
but also in a much longer operating time. 

• Rupture of a recent anterior segment wound. 
This is not a danger in small incision cataract 
surgery, but if large wounds are present they 
may rupture with loss of aqueous and iris 
prolapse. 

• Ipsilateral poor ocular perfusion. This may 
result in closure of the central retinal artery 
as soon as there has been even the slightest 
rise of intraocular pressure, e.g. in central 
retinal artery disease or ipsilateral carotid 
disease. Hypotension during anaesthesia is 
undesirable and may contribute to marked 
reduction of perfusion to the eye. 

Fig. 10.3. A bullous upper retinal detachment a. SRF between 
break and pigment epithelium is very deep b. The D-ACE 
procedure is indicated. 
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4. The non drainage operation will rarely be poss­
ible in the vitrectomised eye. 

Drainage of SRF 

The drainage of SRF may usually be part of two 
different surgical sequences. They are: 

1. The drain, air cryo, explant sequence (D-ACE) 
2. The cryo, drain buckle sequence. 

Per-operative break closure is achieved by air injec­
tion into the vitreous cavity and by scleral buckling. 
This procedure is particularly suitable when there is 
deep SRF between break and pigment epithelium. 
The most commonly encountered situation in which 
the D-ACE sequence is suitable is for bullous upper 
retinal detachment with superior breaks. 

Occasionally, even when SRF between break and 
pigment epithelium is not particularly deep it is 
necessary to drain SRF to ensure break closure at 
operation (due to pre-retinal membrane in close 
proximity to the break). 

Surgical Detail for Conventional 
Surgery 

Anaesthesia 

Although local anaesthesia using retro-bulbar, peri­
bulbar or sub-Tenon blocks is being used more fre­
quently than a few years ago, general anaesthesia is 
still the most favoured method and is particularly 
suitable for long procedures and vitreo-retinal 
teaching. 

Initial Dissection for Conventional Surgery 

• Lids: lashes are not cut and a lateral canthotomy 
only occasionally needed to improve access. 

• Cornea: drying is prevented by regular irrigation 
with balanced salt solution. Sometimes the 
epithelium will need to be gently scraped off if it 
becomes cloudy during the course of surgery. 

Rhegmatogenous Retinal Detachment: Conventional Surgery 

Conjunctival Incision 

An incision is made 1--2 mm parallel to the limbus, 
the incision is extended to just beyond the extraocu­
lar muscles guarding the quadrant of sclera to be 
exposed. A relieving incision is made at each end 
and extended towards the fornix (Fig. 10.4a). If all 
quadrants are to be exposed a 3600 incision is made 
with relieving incisions in the 3 and 9 o'clock posi­
tions (Fig. lO.4b). The limbal incision allows simul­
taneous reflection of conjunctiva and Tenon's layer, 
and at the end of op(~ration these two layers are 
drawn forward together to provide a thick covering 
to explants. Sometimt~s a more posterior incision 
will be necessary if the limbus is already scarred 
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Fig. 10.4. The conjunctival incision used to expose a a Single quadrant; and 
b all quadrants. 
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from previous ocular procedures, or if a draining 
conjunctival bleb from glaucoma surgery is to be 
avoided. 

Isolation of Muscles and Exposure of Sclera 

The rectus muscles on either side of where the 
buckle is to be raised are isolated by blunt dissection 
and tagged with 3.0 black sutures slipped under­
neath the muscles on an aneurysm needle. This 
allows easy rotation of the globe during surgery. 
During the isolation of muscles stripping all their 
fascial connections and risking interfering with their 
blood supply is not necessary. 

This dissection is easy in the un operated eye, but 
becomes more arduous in those that have under­
gone previous operations. In these cases, it is often 
helpful to place a preliminary traction suture at the 
insertion of the muscle to allow initial rotation of 
the globe to facilitate access. 

Clinical note 

• Forceful passage of squint hooks under 
mu des hould be avoided, this move may 
cause perforation of the globe. 

• In re-operations vortex veins may be 
dragged anteriorly by adhesions from 
previous operations and may be damaged 

• Disinsertion of rectus muscles is never 
necessary. 

Exposure of Sclera 

Exposure of sclera is easily achieved in the pre­
viously unoperated eye with gentle blunt dissection 
with a swab after reflection of the conjunctiva and 
Tenon's layers. Dehiscences or staphylomata with 
the blue of the choroid showing through thin sclera 
will be obvious. 

Previous Buckling Surgery 

If retinal breaks are not situated near the immediate 
vicinity of old buckles then the latter may be left 
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undisturbed. If on the other hand access to sclera 
underneath previous buckles is deemed necessary 
they must be removed with caution. Buckles inserted 
at previous operations should be approached with 
care and the following points noted: 

• Previous buckles will be found to be surrounded 
by a reaction tending to enclose the explant in a 
fibrous tunnel 

• They should not be removed at an early stage of 
the dissection as unexpectedly weak sclera or 
even choroid may be exposed with the risk of 
rupture of the globe and loss of SRF or vitreous 

• Removal of buckles may result in some degree of 
hypotony 

• Recent sclerotomy sites underneath placed 
buckles may be re-opened with sudden loss of 
SRF. 

Order of Procedure 

After the ~nitial dissection the subsequent order of 
procedurlYwill depend upon the surgical method 
that is been chosen. 

The Non-drainage Operation 

The surgical sequence is: 

1. Cryotherapy 
2. Break localisation 
3. Buckle placement. 

Cryotherapy 

• Surround the break 
• Avoid re-freezing 
• Useful for break detection 

Cryotherapy 

The Break: Indentation with a cryo-probe will approx­
imate pigment epithelium to neuro-epithelium and 
the break. Thus when freezing occurs it will affect 
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both layers of the retina. The break should be com­
pletely surrounded and re-freezing avoided as much 
as possible. If large breaks are present freezing 
should be confined to the edges of the break in an 
attempt to reduce unnecessary disruption of 
pigment epithelium under the centre of the break. 
The whiteness of the cryotherapy reaction is due to 
freezing of the neuro-epithelium. The pigment 
epithelium itself freezes with a dull grey appearance. 
For the learning surgeon equatorial breaks are 
the easiest to treat, as anterior ones (e.g. dialysis) 
are more difficult to visualise with a consequent 
tendency to treat posterior to these breaks. In dialy­
ses cryotherapy should be applied to the dialysis 
edge including the ora serrata at the ends of the 
break. 

Other areas: Cryotherapy may be used to freeze 
areas of retinal degeneration (e.g. lattice) or areas 
that are suspicious of harbouring a break. The 
whiteness of freezing neuro-epithelium contrasts 
with the dark central area of a breach in continuity 
of the neuro-epithelium and easily distinguished 
from small haemorrhages or pigment clumps. 
However, detection of small breaks can still be very 
difficult when retina is folded as the freezing reac­
tion may be uneven. 

Per-operative Complications of 
Cryotherapy 

These are common to all conventional detachment 
procedures and are related to either the indentation 
by the cryo-probe or to the freezing process itself. 

Anterior Segment Complications 

1. Problems with intraocular lenses 
2. Rupture of section 

Now that unstable iris clip lenses have been aban­
doned, dislocation of intraocular lenses is rare. 
Posterior chamber lenses with an intact posterior 
capsule are very stable. AC lenses can move on the 
iris or in the angle and may cause hyphaema. If this 
does occur viscoelastic material may be injected into 
the anterior chamber to restore clarity. 

Manipulation of the globe during the application 
of cryopexy may cause rupture of a recent standard 
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size cataract wound with loss of aqueous and iris 
prolapse. The wound will have to be re-sutured. 
Small incision cataract surgery has been an import­
ant improvement to prevent this complication; a self­
sealing wound makes Dor a stable anterior segment. 

Per-Operative Posterior Segment 
Complications 

1. Scleral rupture 
2. Haemorrhage: retinal or choroidal 
3. Serous choroidal detachment 
4. Pigment fallout 

Scleral rupture 

During the application of cryotherapy the cryoprobe 
is fused to the wall of the globe by the developing ice 
ball. At the end of each application this ice ball must 
be allowed to melt before removing the cryoprobe 
from the globe and the temptation to crack the 
probe off the side of the globe must be resisted. Such 
cracking may result in scleral rupture and choroidal 
haemorrhage. This is more likely to occur if the 
underlying sclera is thin. 

Haemorrhage 

Indentation and freezing underneath a retinal break 
that has a prominent vessel traversing the break 
may result in haemorrhage. Although these haem­
orrhages are alarming, they are rarely severe. Blood 
will trickle down either the back of the detached 
posterior hyaloid until it is deposited at the point at 
which the posterior hyaloid is still attached to retina 
or may spread into the substance of the gel itself. 
Firm pressure on the globe is used to discouraged 
the spread of such haemorrhage. 

Choroidal haemorrhage may develop when 
cryotherapy is applied directly to the vortex veins. 
Blood passes either into the sub retinal space, via the 
pigment epithelium or remains under the choroid 
causing a haemorrhagic choroidal detachment. Firm 
pressure on the globe is again advised to try to 
reduce the development of these haemorrhages 
which fortunately are rarely severe. 
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Serous Choroidal Detachment 

This is rare, but may appear a few moments after 
cryotherapy has been applied and is usually associ­
ated with some degree of choroidal haemorrhage. 
The serous effusion may rapidly become bullous. If 
the break can be buckled the choroidal detachment 
will disappear spontaneously in the post-operative 
period. 

Pigment Fallout 

Disruption of the pigment epithelium due to 
cryotherapy may result in pigment granules being 
exploded into the subretinal space and spreading 
either via the retinal break into the vitreous cavity 
or more usually within the subretinal space itself to 
be deposited at the most posterior part of the retinal 
detachment This will often be in the region of the 
posterior pole in the supine patient Pigment fallout 
is produced either as a result of excessive or 
repeated applications of cryotherapy, or due to per­
fectly normal applications in eyes where the 
pigment epithelium appears to be unusually loose 
(e.g. as in longstanding retinal detachments). In 
these cases pigment epithelium can actually be seen 
entering the vitreous cavity via the retinal break 
shortly after the cryo-probe has been applied. 
Pigment fallout does not appear to jeopardise post­
operative visual acuity even if it occurs in the para­
macular region. Pigment released into the subretinal 
space is often seen flowing out if SRF is drained 
after cryotherapy. 

Technique of Break Localisation 

In previously unoperated eyes retinal breaks are 
localised under indirect ophthalmoscopic observa­
tion using a modified scleral depressor, which when 
indented vertically on to the sclera leaves a small 
circular impression (Fig. 10.5). The centre of this 
impression is then marked with a methylene blue 
pencil leaving an identifiable spot on the sclera. In 
re-operations when the scleral surface is uneven or 
when the eye is soft and the sclera not easily marked 
by the depressor, localisation may be achieved by 
grasping the sclera with toothed forceps, the posi­
tion of which may be changed until accurately sited. 
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Fig. 10.5. Break localisation. 

When breaks are small a single mark is all that is 
needed, made just under the break. The mark will 
be the central point of the mattress suture being 
used to raise the buckle. However, if the break is 
large, multiple markings may be necessary. Thus 
with large retinal tears, one mark may be at the pos­
terior part of the break and the other two placed at 
the anterior extremities. In dialysis, two anterior 
marks are made at each end and one in the mid­
point of the posterior edge of the dialyses. 

Accurate localisation of retinal breaks requires 
expert indirect ophthalmoscopy and emphasises the 
need for development of these skills by assiduous 
pre-operative examination. 

Scleral Buckling in Non-drainage Surgery 

• Sutures 
• Selection of explants 
• Handling of the explant 
• Raising of the buckle 
• Raise of intraocular pressure 
• Accidental perforation. 

Sutures 

The most satisfactory sutures for securing local 
sponge explants are 5/0 braided Dacron on a spatu­
lated needle (either a quarter or half-circle). The 
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quarter circle needle is preferred when there is good 
scleral access allowing long scleral bite. The half 
circle needle is particularly valuable when access to 
the dissection site is difficult (e.g. near a muscle or 
in a posterior position). 

Technique (Fig. 10.6) 

When placing the sutures the intrascleral course 
should be as long as possible (approximately 5 mm), 
thereby reducing the risk of sutures cutting out 
either when they are tightened at the time of surgery 
or in the post-operative period, to contribute to 
explant extrusion. When placing the suture the 
sclera is made firm and stationary by counter 

a 
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Fig. 10.6. a Technique for sutures for radial buckling. b Correct suture plane is 
shown by the continuous line. The dotted line runs the risk of sutures cutting 
out or, iftoo deep, of perforating the eye. 
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traction by non-toothed forceps on an adjacent 
rectus muscle insertion. Counter traction will also 
straighten the sclera so that the normal curvature of 
the globe is less pronounced, making for easier 
passage of the needle. In sclera of normal thickness 
the suture runs at approximately two-thirds of the 
scleral thickness. At this depth the suture will be just 
detected in its intrascl(~ral course. The placement of 
these sutures is a mattt~r of fine judgement: too deep 
a suture will cause accidental perforation with sub­
sequent release of SRI', while too shallow a suture 
will cut out. Sutures are arranged in mattress 
fashion to straddle the intended explant and are 
held provisionally in bulldog clips until tied per­
manently (these may be colour coded for rapid 
identification). 

Width of Suture 

A general rule is to place the sutures approximately 
half as wide again as the width of the explant, (thus 
for a 4-mm explant the limbs of the sutures 6 mm 
apart, for a 5-mm explant 8 mm apart and for a 
7-mm explant 10 mm apart). The break should lie in 
the centre of the buckle. 

Complications 

Vortex veins may be damaged in the following ways: 

• Their intrascleral course may be damaged as the 
needle passes through the sclera 

• Damage may occur as the needle is removed 
from the sclera in their vicinity 

• The vortex veins, adherent to the loose peri­
ocular fascia, may be dragged into the suture 
track by the trailing thread as the suture is pulled 
from the sclera. 

If the needle is nearing a tributary of the vortex vein 
it is removed from the sclera, passed over the vein, 
and reintroduced into the sclera on the other side of 
the vein. If a vortex vein is damaged during dissec­
tion resulting in bleeding, it is better to leave it to 
cease spontaneously rather than try to stop the flow 
of blood by compression or diathermy which may 
risk intraocular haemorrhage. 

Accidental perforation: In an intended non­
drainage operation, accidental perforation of the 
globe with release of SRF is always disappointing. 
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However, due to the small puncture site, incarcera­
tion of the retina and vitreous loss will not occur, 
unless perforation has occurred over flat retina. If 
accidental perforation of the subretinal space occurs 
the suture should be removed and the leak of SRF 
sealed by oversewing with a more widely placed 
suture. However, if previous pressure inside the eye 
has been elevated by the tightening of previous 
sutures release of SRF may be rapid and the eye will 
rapidly become hypotonic. In these cases intra­
ocular pressure should be restored by the intra-

a 
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vitreal injection of air converting the operation into 
a modified form of the D-ACE procedure. 

Selection of Explants 

In non-drainage surgery silastic sponge explants are 
usually preferred (Fig. 10.7a). The elastic nature of 
this material allows for some post-operative expan­
sion of the buckle, a feature that is important when 
it is not possible to close the break completely at the 

Fig. 10.7. a Radial sponge buckling. b A circumferential sponge used to 
close a dialysis in (i) and is also useful in closing several round holes in (ii), 
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Accidental drainage of SRF 

• Remove suture and oversew 
• Inject air into vitreous if the eye becomes 

soft 

time of surgery. However, if break closure is easy at 
the time of surgery, and only a low buckle is required, 
then solid silicone rubber explants may be used. It is 
extremely unusual for an encirclement procedure to 
be necessary as part of a non-drainage operation. 

Size of Explant 

The buckle selected must not only be accurately 
placed, but must be of sufficient dimensions to seal 
the retinal breaks. Explants of 4 mm and 5 mm 
widths are by far the most commonly used, but for 
larger breaks the 7-mm sponge explant may be nec­
essary. The selection of the size of buckles should 
result in a buckle of adequate but not excessive 
proportions (Fig. 10.7b). 

Handling the Explant 

To reduce the risk of contamination the sponge 
should not be removed from its sterile package until 
just before its introduction to the eye. Prior to its 
placement on the eye it is soaked in a broad spec­
trum antibiotic (e.g. cefuroxime) and during mani­
pulation it is held in non-toothed forceps to avoid 
damage and disruption of its cellular structure. 

Raising of the Buckle 

For radial buckles the posterior suture is tightened 
first (this is where most indentation is needed) and 
for circumferential buckling the middle suture is 
tied first if three are needed. As sutures are tied 
there is a tendency for poorly secured ones to cut 
out. The tying of the first suture is achieved without 
difficulty in an eye that is fairly soft but subsequent 
sutures are more difficult as the intraocular pressure 
rises. These are best secured with temporary knots 
(a single tucked reef) which can easily be released if 
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intraocular pressure is high, preventing arterial 
perfusion of the disc. 

Rise of Intraocular Pressure 

With successive tightening of the sutures the 
intraocular pressure rises and this may cause central 
retinal artery occlusion. Of lesser importance is 
corneal oedema which will contribute to diminution 
of the fundal view. Intravenous diamox 500 mg 
given at the beginning of surgery helps lower 
intraocular pressure. 

If general anaesthesia is to be used, hypotension 
is undesirable, as it may lead to reduced perfusion 
of the optic disc. 
Action: 

• Massage of the globe with a squint hook 
increases aqueous output and lowers intraocular 
pressure. If central retinal artery occlusion has 
occurred spontaneous pulsation of the artery 
may be observed after a few seconds of massage 

• If massage does not produce perfusion, then 
temporary suture is released 

• Paracentesis. If the buckling procedure is to be 
unusually extensive and disc perfusion is un­
certain then paracentesis may be performed in 
the phakic or pseudophakic eye. It should be 
avoided in the aphakic eye as vitreous may be 
incarcerated into the limbal incision 

• Corneal oedema resulting from intermittent rise 
of intraocular pressure may necessitate removal 
of the corneal epithelium. 

Problems with Buckle Placement 

1. Inadequate buckle 
2. Radial retinal folds. 

Inadequate Buckle 

A buckle may be classed as inadequate if it is 
inaccurately placed or is of insufficient dimensions 
to close the retinal breaks. Satisfactory buckling will 
usually be obvious if it is possible to close breaks at 
the time of surgery. However, with non-drainage 
procedures when there is still intervening SRF 



The D-ACE Sequence 

between buckle and neuro-epithelium inaccurate 
buckling is more likely. 

Radial Retinal Folds 

As discussed in Chap. 8, circumferential buckling of 
approximately one segment of sclera may result in 
radial retinal folds, a tendency that is more pro­
nounced when there is deep SRF. Small folds are of 
no clinical importance and will flatten out sponta­
neously in the post-operative period as SRF is 
absorbed. If prominent they may allow communica­
tion between the posterior part of a break and SRF 
behind the buckle. Radial buckling will not result in 
radial folds but if this option is not reasonable then 
the D-ACE sequence should be performed. 

The D-ACE Sequence 

This sequence consists of: 

• Drainage of SRF 
• Air injection into the vitreous cavity 
• Cryotherapy 

• Explant. 

Rationale 

The rationale of this sequence is that drainage of 
SRF will create space within the eye to enable an 
injection of air into the vitreous cavity. The bubble 
of air pushes the detached retina back towards the 
pigment epithelium. Once the retinal break is in 
contact with pigment epithelium or very nearly so 
cryotherapy can be applied and a buckle used to 
keep the break sealed by relieving traction upon it. 
In this sequence, the air injection is used mainly as a 
per-operative tool and, in view of the fact that it is 
absorbed quite quickly in the post-operative period, 
it is doubtful that it has anything more than a 
temporary post-operative tamponade effect. 

Site for Drainage of SRF 

Prior to drainage the site to be chosen should be 
under deep SRF in the equatorial or pre-equatorial 
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region. If the drainage site is too anterior then the 
flow of SRF may cease due to closure of the sclero­
tomy by the enlarging air bubble after injection into 
the vitreous cavity as it is anterior retina that is first 
compressed by the bubble. Drainage of fluid under a 
large retinal break should be avoided for fear of 
incarceration of the posterior hyaloid through the 
retinal break into the sclerotomy. For superior 
bullous detachments drainage above the midline 
will be the rule, and if possible the upper temporal 
quadrant should be selected. Access is easier in this 
quadrant and there is less risk of haemorrhage than 
in the nasal quadrant where vortex veins are more 
numerous. 

SRF llral ... site 

• Under deep SRF 
• Avoid vortex veins 
• A void large breaks 
• Post-equatorial 

The authors currently favour two methods of 
drainage of SRF and air injection, described below. 

Method 1 

A radial incision in the sclera is made at the selected 
site with a size 11 Bard Parker blade. The incision 
should be long enough to expose a reasonable 
knuckle of choroid. A 5.0 Dacron suture on a half­
circle needle is then placed across the lips of the 
wound. This stitch is of considerable importance; 
if insecurely tied raising of intraocular pressure 
when the eye is buckled after air injection may 
result in prolapse of vitreous and retina through the 
sclerotomy. 

Transillumination 

With the operating theatre darkened the sclerotomy 
is then transilluminated by shining a fibre-optic 
light through the pupil via the cornea. Large 
choroidal vessels crossing the exposed choroidal 
knuckle can be clearly seen (Fig. 10.8). If these are 
numerous and are likely to be damaged by 
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Fig. 10.8. Sclerotomy for SRf drainage. A mattress suture is pre-placed. A 
large vein is seen in the choroid. 

perforation of the choroid or if during the prep­
aration of the drainage site there has been sponta­
neous external bleeding then the wound should be 
secured and a further site selected. 

Perforation of Choroid 

If no blood vessels can be seen, the knuckle is cau­
terised to discourage bleeding. The sub retinal space 
will often be entered during the process of cautery, 
but if it is not, the final perforation may be achieved 
by sharp needle puncture. 

Character of SRF 

In fresh retinal detachment the SRF will have a 
watery consistency, but in longer standing cases the 
fluid will be viscous and xanthochromic. 

Complications of SRF Drainage 

• Choroidal haemorrhage 
• Retinal haemorrhage 
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• Cessation of flow 
• Retinal incarceration. 

Choroidal Haemorrhage 

Choroidal haemorrhage is the most important and 
dangerous complication of SRF drainage (Fig. 10.9). 
It may occur either at the time of perforation of the 
choroid and release of SRF, in which case it is 
related to direct damage to a choroidal blood vessel 
or during SRF drainage when hypotony is probably 
a contributory factor. If blood is seen to be emerg­
ing in the SRF then it is likely that there will have 
been intraocular spread. Choroidal bleeding will 
usually pass into the subretinal space and track 
downwards to the most dependent part of the globe. 
Sometimes it passes through the retinal break into 
the vitreous cavity. If the macula is detached blood 
will tend to settle in the macular region and threaten 
subsequent recovery of central visual acuity. Rarely 
haemorrhagic choroidal detachment may occur and 
be seen as a black mound beneath the detached 
retina. 

In most cases haemorrhage although alarming, 
will be slight and will not interfere with break 
closure or increase the risk of redetachment. 

Action: If haemorrhage starts as soon as the sub­
retinal space is entered, then firm pressure on the 
side of the eye will encourage egress of blood from 
the eye in the SRF and will prevent the eye from 
becoming too soft. Air injection should be carried 
out as soon as possible. In the rare event of blood 

Fig. 10.9. Haemorrhage in the subretinal space. 
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spreading into the vitreous cavity and interfering 
with the view, the D-ACE operation may have to be 
abandoned in favour of a pars plana vitrectomy. 

Retinal Haemorrhage 

Rarely severe haemorrhage may result from direct 
trauma by the perforating needle to the underlying 
retinal blood vessels. Such trauma usually leads to 
the formation of jagged iatrogenic breaks and severe 
vitreous haemorrhage. 

Intraocular haemorrhage is the most serious 
complication of SRF drainage 

Cessation of Flow 

Flow of SRF may cease abruptly and if so the 
intraocular situation should be checked. If SRF 
drainage is considered sufficient the drainage site 
can be closed. If SRF drainage is deemed inade­
quate, the flow of SRF may be recommenced by 
gently manipulating the lips of the sclerotomy or by 
re-perforation with a needle. It is essential to check 
that there is still reasonable depth of SRF between 
the sclerotomy site (seen as a white mark when 
viewed with the indirect ophthalmoscope) and the 
detached retina before this move is made. 

Retinal Incarceration 

This is easily recognised as the retina has a thin 
greyish appearance at the sclerotomy site when 
viewed externally and on indirect ophthalmoscopy 
(Fig. 10.10) the typical puckering into the sclero­
tomy site is seen. This appearance is further ac­
centuated by vitreous incarceration and loss, 
which frequently accompanies retinal incarceration. 
Retinal incarceration is due to poor surgical 
technique and may occur in a variety of ways: 

• Improper selection of drainage site 
• Raised intraocular pressure. 

Improper selection of drainage site: If the retina is 
flat at the site that has been chosen for drainage of 
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Fig. 10.10. Incarceration of retina and vitreous has occurred at an SRF 
drainage site. 

SRF, perforation of the choroid will be succeeded by 
that of the retina, with a resulting loss of vitreous 
through the sclerotomy. If SRF is very shallow at the 
site of drainage, retina may be incarcerated after the 
flow of SRF has started. 

Raised intraocular pressure: The drainage site is 
left open during air injection and over-injection 
may force retina into the sclerotomy. 

Action: No attempt should be made to free the 
retinal incarceration from the sclerotomy site which 
should be supported by a buckle to counteract sec­
ondary traction at the site of incarceration and to 
close any iatrogenic break that occurs if vitreous is 
lost. It is unnecessary to apply cryotherapy unless 
an iatrogenic break is seen. 

Intravitreal Injection of Air 

• Preparation 
• Injection site 
• Technique for injection. 
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Preparation 

The air is drawn up into a sterile freely running dry 
glass syringe through a 0.22 Millipore filter. The 
syringe is tested by the surgeon prior to use to gauge 
the force necessary in the plunger to start the injec­
tion. A syringe that tends to stick and cause hesitant 
injection of gas is to be avoided. A 27-gauge needle 
is used. 

Injection Site(Fig. 1O.11} 

The needle needs to be uppermost at the time of 
injection and this is most easily achieved by inject­
ing through the superior pars plana while the eye is 
turned down. The upper nasal quadrant is the most 
convenient and the needle is introduced 4 mm from 
the limbus. 

77fT 

Fig. 10.11. Injection of air via the pars plana. The needle must perforate the 
non-pigmented part of the pars plana epithelium. 
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Technique of Injection 

This is performed under indirect ophthalmoscopic 
control. In spite of gentle pressure on the eye during 
the evacuation of SRF, this pressure will have to be 
released just prior to the injection of air and at this 
moment the globe will be very soft. The insertion of 
an adjacent rectus muscle should be grasped to 
allow counter traction and to enable downward 
rotation of the eye prior to the introduction of the 
27-gauge needle into the vitreous cavity. A sharp 
thrust ensures that the needle tip has entered the 
vitreous cavity and is not tenting up the non­
pigmented part of the pars plana epithelium. The 
direction of the needle is towards the centre of the 
vitreous body to avoid damage to the lens. As soon 
as the tip of the needle is seen further rotation of the 
eye may be achieved so that the syringe comes to 
occupy as vertical a position as possible. The needle 
is then withdrawn so that only the tip is visible and 
the injection commenced at a steady speed. If the 
needle is correctly positioned than an intravitreal 
gas bubble can be seen forming in the immediate 
vicinity of the needle tip and progressive injection 
will then produce a single gas bubble, in to which 
the needle tip can be advanced as the injection pro­
ceeds. With this technique multiple bubbles are 
avoided (Fig. 10.12). 

Volume to be Injected 

Intraocular pressure is monitored with a fingertip 
during injection. Air injection should cease when 
the eye is considered to be just hypotensive. The 
volume of air that will be necessary to achieve this 
will vary greatly from one case to another, usually 

Fig. 10.12. Injection of air. a Incorrecttechnique results in multiple 
bubbles in the vitreous cavity; b correct technique with the needle 
in the "high" position and the eye rotated. The needle tip is 
advanced into the enlarging air bubble and results in,a single intra­
ocular bubble. 
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1-2 ml are needed. Fundoscopy will reveal whether 
the objective of the air injection (to approximate the 
retinal break to the underlying pigment epithelium) 
has been achieved. If this is so, then the drainage 
site should be closed and no further air injection 
will be necessary. However, if there is still substan­
tial SRF between break and pigment epithelium then 
more SRF is drained and further air injection is 
carried out until break closure occurs. 

Difficulties 

Drainage of SRF followed by air injection requires 
organisation and good technique and this is the 
most difficult part of the operation to master. After 
the injection of air there will be minification of 
retinal landmarks including retinal breaks and these 
breaks may be difficult to find. Sometimes after SRF 
drainage and air injection the volume of SRF will be 
unchanged. This is due to retro-hyaloid fluid drain­
ing directly through the sclerotomy via a big retinal 
break; if this happens, allow more SRF drainage and 
top up the air injection. 

:=====-Air injection technique 

• Check syringe and needle 
• Upper nasal quadrant is preferred 
• Needle as vertical as possible 
• Direct needle away from lens 
• Monitor intraocular pressure during 

injection 
• Stop injection when break has reached 

pigment epithelium 

Method 2 

Technique for Drainage 

Drainage of SRF is achieved by means of a 27-gauge 
needle. The site of drainage should be over an area 
of deepest SRF. The needle is pre-bent at a right­
angle 2 mm from the tip. The needle is used to pene­
trate the full thickness of the sclera in one firm 
continuous action. The needle is held in place 
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momentarily and withdrawn. Digital pressure is 
immediately applied to the globe and sustained for 
a full 5 minutes. At the end of 5 minutes the pres­
sure is released. If intraocular haemorrhage is 
observed then digital pressure is resumed for 
another 2 minutes. Observation is made with an 
indirect ophthalmoscope. The aim is to achieve not 
only closure of the central retinal artery but com­
plete blanshing of the choroid. Drainage of SRF is 
followed by injection of air to restore intraocular 
volume and pressure. This technique has a number 
of advantages: 

• Low incidence of intraocular haemorrhage. This 
is a result of the sustained intraocular pressure 

• Low risk of vitreo-retinal incarceration due to 
the fact that the perforation of the choroid is a 
micro-puncture 

• Low incidence of retinal perforation due to the 
fact the needle only penetrates to a preset depth 
of2mm 

• Can be safely performed before or after 
cryotherapy. 

The technique relies on two basic premises. First, 
bleeding cannot occur when the intraocular pres­
sure exceeds that of choroidal arterial pressure. 
Second, if this pressure is sustained beyond that of 
the choroidal bleeding time then bleeding should 
not occur when the digital compression is released. 
The incidence of bleeding is rare after 5 minutes of 
digi tal pressure. 

No scleral cut down is necessary. The small punc­
ture by the needle means that vitreo-retinal 
incarceration is virtually impossible. The pre-bent 
needle tip prevents deep penetration of the needle 
and retinal perforation. The drainage of SRF is 
usually complete .. 

Dry Tap 

On the rare occasion of a dry tap, this is usually 
because the needle tip has not penetrated the full 
thickness of the sclera and choroid. Indirect oph­
thalmoscopy should be performed again to locate 
the site of deepest SRF. It is important, however, to 
keep up the digital pressure in between attempts at 
drainage. 
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Air Injection 

Air injection is accomplished by means of a con­
tinuous air infusion pump. To obtain a simple 
bubble, it is necessary to: 

• Adopt the 'needle high position' 
• Inject at speed. 

The speed of the air injection is determined by 
the differential pressure. The air pump is set at 
60 mmHg but it is also important to lower the 
intraocular pressure suddenly by releasing the 
digital compression suddenly. 

Complications of Air Injection 

Multiple Bubbles 

The occurrence of multiple bubbles is as a result of 
incorrect position of the needle prior to injection 
and therefore represents poor surgical technique. 
This complication is particularly worrying if it is 
obscures details of the underlying retina. 

Action: Continue to drain SRF until the eye gets 
softer and then inject again making sure that the 
needle position is correct. This second injection 
should produce one large central bubble and even if 
there are one or two residual satellite bubbles the 
view of the underlying retina will usually be adequate 
enough to enable cryotherapy and explant placement. 
Rarely small bubbles of air may get through a large 
retinal break to gain the sub retinal space. 

Over-injection 

Over-injection with a consequent rise of intraocular 
pressure may cause: 

• Retinal incarceration through an unclosed 
sclerotomy site 

.. Cession of flow in the central retinal artery 
• Forward movement of the lens iris diaphragm 

may occur and while this is usually unimportant 
may cause dislocation of unstable pseudophakic 
lenses, (a haptic may move forwards of the iris) 
or may result in pupil capture. 

It should be remembered that if air is injected into 
the eye and nitrous oxide is being used as part of 
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general anaesthesia the gas will tend to pass into the 
air bubble during surgery enlarging it and making 
the eye firmer. 

Action: Passive partial evacuation of a gas bubble 
may be performed using a needle. Release of a finger 
placed over the hub will result in escape when the 
needle has been placed within the intravitreal 
bubble. 

Air Entering the Anterior Chamber 

The D-ACE procedure should not be used in the 
aphakic eye for fear of air passing into the anterior 
chamber and completely obscuring the view. 

Haemorrhage 

Haemorrhage from the injection site may occur but 
is usually slight. 

Needle Problems 

Poor technique may result in air being injected 
under the choroid or the non-pigment epithelium 
and damage to the lens or retina may be caused by a 
poorly directed needle tip. 

Cryotherapy 

After drainage of SRF and injection of air, cryo­
therapy is applied to the retinal breaks that are now 
apposed to the pigment epithelium. In addition to 
complications previously described the minified 
view of the retina may cause difficulty in break 
detection. The freezing reaction in the retina is 
intensified as air is a poor heat conductor and this 
risks excessive freezing. Cryotherapy should also be 
applied to breaks or areas of lattice degeneration in 
detached or flat retina. 

Explant 

A feature of the D-ACE procedure is that sub­
sequent to the approximation of the retinal breaks 
to the pigment epithelium, it is not necessary to 
raise high buckles. Thus solid silicone explants are 
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the most suitable, and although various sizes are 
available the 287 (width of 7 mm) will suit most 
cases. These buckles are secured using half-circle 
Dacron sutures. The scleral length of the suture can 
be quite short (1-2 mm) and as the explant is 7 mm 
wide the limbs of the suture should be 10 mm apart. 
Complications of suture placement have already 
been described, but damage to vortex veins is par­
ticularly likely to occur with the posterior limb of 
the suture if a wide explant is used. 

The Encircling Procedure 

The success of the simple external local buckles and 
the use of PPV for complex break arrangement has 
reduced the need for encircling buckles. If used they 
should be combined with local buckles, the encir­
clement only being used to retain the local buckling 
element. The occasional retinal surgeon will use the 
encirclement in the mainly mistaken belief that it 
will serve to close breaks that have not been 
detected. In these circumstances the encirclement 
will be usually be excessively tightened, risking 
severe complications. Used correctly the encircling 
element (usually a 2-mm silicone band) tied in a 
quadrant other than the one in which the under­
lying local explant is being used, will result in an 
indentation 1-2 mm in height (after tightening, 
ophthalmoscopy should reveal only a very low 
indent). 

In the D-ACE sequence the encircling band fits 
into the groove of a solid silicone explant orientated 
circumferentially. If the explant is confined to one 
quadrant, the two mattress sutures retaining it 
should be tied first, before the silicone band is tight­
ened. The band is then lightly secured in each of the 
three remaining quadrants by small mattress 

The D-ACE sequence 

• The SRF drainage site must be carefully 
selected 

• A single-bubble injection technique must 
be acquired 

• Breaks are minified by the intravitreal air 
bubble 

• Cryo-reaction is intensified 
• Only low buckles are required 
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sutures (these sutures should be 12 mm from the 
limbus). The ends of the strap are cinched together 
with a silicone rubber sleeve. This allows for adjust­
ment in the tension of the band before it is finally 
secured. 

Variation In the D-ACE Sequence 

Longer Acting Gases (e.g. SF6) 
The use of a gas longer acting than air may occa­

sionally be helpful if difficulty with break closure is 
anticipated due to the presence of pre-retinal mem­
brane in the vicinity of the break. In these situations 
a 30% air:SF6 mixture may be used, this will enable 
post-operative tamponade of the break to be per­
formed for a period of approximately 1 week from 
surgery. 

The Cryotherapy, Drain, Buckle 
Sequence 

This sequence is reserved for those infrequent cases 
of retinal detachment where it is deemed necessary 
to drain SRF (e.g. the presence of membranes in 
close proximity to breaks) and in which the release 
of SRF is judged to be too small to create enough 
space to enable injection of air into the vitreous 
cavity. 

Cryotherapy 

Cryotherapy is applied to the retinal breaks prior to 
the drainage of SRF. 

Sutures 

The buckle sutures are pre-placed and the buckles 
themselves (either encircling or local, or both) are 
placed in position. 

Drainage of Fluid 

SRF is now drained at a convenient point. 
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Tightening of Sutures 

As SRF drains from the eye the buckle sutures are 
tightened. SRF drainage in these cases will not 
usually be copious and the hypotony induced by 
SRF drainage is equalised by the tying of the buckle 
sutures. An injection of air or an air:SF6 mixture is 
performed if hypotony is greater than anticipated. 

RhegmatogenoLis Retinal Detachment: Conventional Surgery 

Results 

Anatomical success with one operation should be 
achieved in about 90% of cases. 



Conventional RRD Surgery: Post-operative 
Management, Signs and Complications 

RRD Surgery - Postoperative Management and 
Complications 

• Mobilisation 
• Position and medication 
• Visual recovery 
• Behaviour of SRF 
• Complications 

- early 
- late 

General Aspects of Post-Operative 
(are 

General aspects of post-operative care involve 
mobilisation, posture, medication and considera­
tion of post-operative activity. If surgery is success­
ful, recovery of vision will commence immediately. 

Mobilisation 

If general anaesthesia has been used patients are 
mobilised on the same or the day following surgery, 
to minimise the risk of thrombo-embolism in the 
legs. There is no place for post-operative bed-rest 
and the belief that bed-rest may encourage residual 
SRF absorption is mistaken. Discharge from hos-

pital depends less on an ophthalmic need than 
on social convenience and the availability of any 
necessary help at home. 

Posture 

Posturing is unnecessary in non-drainage surgery 
and has a doubtful part to play when air is injected 
into the vitreous cavity. The gas bubble is rapidly 
absorbed and the success of the D-ACE procedure 
depends on accurate localisation of the scleral 
buckle rather than any contribution made by the 
bubble. 

Medication 

A steroid antibiotic drop administered four times a 
day is suitable for dealing with the variable amount 
of post-operative external inflammation that is 
present. Inadvertent freezing of the lids by poor 
insulation of the cryo probe may cause marked 
post-operative lid oedema and in severe cases burns 
to the lid margins. These changes are not per­
manent, but lead to discomfort in the post-operative 
period. The external signs are related to the type of 
procedure that is being performed a more wide 
spread disturbance being produced with extensive 
buckling procedure and in re-operations. Con­
junctival chemosis is worse following re-operations. 
Mydriasis is helpful for a few days in all cases 
(cyclopentolate 1 % twice a day is suitable and 
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atropine 1 % can be used in more inflamed eyes). 
Immediate post-operative pain is usually well con­
trolled by the administration of Voltarol adminis­
tered as a suppository at the end of the surgical 
procedure. Systemic medication usually consists 
only of analgesic tablets for a few days, but oc­
casionally post-operative pain will demand anal­
gesia for days or weeks following surgery. In these 
cases, particularly when inflammation is present, 
the administration of systemic non-steroidal anti­
inflammatory drugs (e.g. Froben 25 mg tds or 
Indomethacin 50 mg tds). will be helpful. 

Post-Operative Activity 

Reading may be resumed as soon as It IS com­
fortable so to do. Physical activity can be allowed 
immediately, but patients will not usually wish to 
indulge in strenuous activity in the immediate post­
operative period. Activity such as heavy lifting, 
riding or strenuous ball games is not advised for the 
first few weeks. The length of time that a patient has 
to remain off work will depend to extent on the type 
of job and the nature of the operation performed. In 
uncomplicated cases work may resume approx­
imately 1-2 weeks after surgery, but this interval 
may have to be lengthened if special visual tasks are 
to be performed. The patient may later return to all 
activities of their choice, although sports in which 
direct damage to the eye is a reasonable possibility 
should be allowed only if protective eye wear is 
available. Women of childbearing age should be 
informed that retinal detachment surgery in no 
way influences the management of labour of a 
subsequent pregnancy. 

Recovery of Vision 

Field of Vision 

Restoration of field of vision conforming to the area 
of retinal detachment occurs almost immediately 
after successful surgery. Occasionally a faint shadow 
in the field of vision corresponding to the area of 
retinal detachment may persist for a few days or 
weeks following retinal reattachment. 
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Central Vision 

If the macula is detached prior to surgery, the recov­
ery of central visual acuity subsequent to reattach­
ment is variable. The most important factor in 
determining visual recovery is the length of time 
that the macula has been detached prior to surgery, 
the longer detached the poorer the eventual recov­
ery. Recovery is also less satisfactory in old age and 
myopia. If the macula has been detached for less 
than 2 weeks then 80% of patients may be expected 
to achieve a visual acuity of 6118 or better following 
reattachment. Although the majority of the restora­
tion of visual acuity takes place within 3 months, the 
final recovery may be slow and may take up to 
2 years from the time of surgery. Improvement in 
colour discrimination likewise occurs over a long 
period of time. 

Post-Operative Visual Symptoms 

• Persistence of pre-operative symptoms 

• New symptoms 
• Reduction of vision 

Persistence of Pre-Operative Symptoms 

If a patient had experienced flashes of light with the 
onset of a posterior vitreous detachment these flashes 
usually, but not always,. disappear with the onset of 
the retinal detachment and they may reappear in the 
post-operative period. These symptoms, although 
alarming, do not usually persist and pass off within 
few weeks of surgery. Vitreous floaters will not 
usually be affected by a conventional operative pro­
cedure and patients should be warned that they will 
persist. Indeed, on some· occasions they worsen (par­
ticularly if pigment is dislodged by cryotherapy and 
enters the vitreous via the retinal breaks). These 
floaters tend to improve in the weeks and months fol­
lowing surgery, but may not altogether disappear. 

New Symptoms 

In cases where retinal detachment has not been 
associated with the premonitory symptoms of 
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flashes and floaters either or both of these may 
appear in the post-operative period even when there 
has been successful and permanent reattachment of 
the retina. These symptoms tend to ameliorate in 
the weeks following surgery. 

Reduction of Vision 

Patients with peripheral retinal detachment and 
normal acuity prior to surgery may report reduced 
central vision after operation. Unless a problem has 
arisen at the macula this reduction is associated 
with a refractive error induced by the buckling pro­
cedure. This error needs correcting by adjusting the 
spectacle prescription at a later date, but patients 
should be warned pre-operatively of the likelihood 
of this event. 

Intraocular Signs 

• The cryotherapy lesion 
• Behaviour of SRF 

• PVR 

The Cryotherapy Lesion 

In successful cases the break will be sited accurately 
on the buckle and sealed. The pigmentation of the 
cryo-lesion appears at the end of the first week and 
has a pepper and salt appearance, which gradually 
gives way to a coarser arrangement of pigment after 
a period of weeks. Heavy cryotherapy application 
causes a production of a very pale lesion due to the 
destruction of chorio-capillaries and thinning of 
neuro-epithelium. The maximum strength of the 
cryotherapy lesion takes approximately 2 weeks to 
develop. 

Behaviour of SRF 

The post-operative absorption of SRF following 
either a non-drainage operation or residual SRF fol­
lowing a drainage procedure depends mainly upon 
the relationship of the break to the buckle at the end 
of surgery. If break closure has been achieved at the 
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time of surgery, then SRF absorption will be rapid, 
and is usually complete within a few days of surgery. 
Absorption of SRF is delayed if pigment epithelium 
function is defective (e.g. in longstanding RRDs of 
adults, particularly in myopia). In non-drainage 
surgery where break closure may take several days 
the surgeon should not be tempted to intervene if 
the buckle is seen to be appropriately positioned 
and of adequate dimensions. Closure of the break 
and subsequent absorption of the remaining SRF 
can be confidently expected to occur. Occasionally 
absorption of SRF may take an unexpectedly long 
time even when the break is apparently completely 
sealed. In these circumstances complete absorption 
of residual SRF may take several weeks and the 
temptation to inject gas into the vitreous cavity to 
hasten absorption should be resisted in most cases. 

SRF absorption 

• SRF usually absorbs rapidly after break 
closure 

• SRF is sometimes delayed in spite of break 
closure - be patient 

• Failure to absorb or reaccumulation of RF 
indicate failure 

Proliferative Vitreo-retinopathy 

Response of PVR to Conventional 
Surgery 

• Regression. If PVR is not advanced and the 
membranes are still weak closure of retinal 
breaks and retinal reattachment will result in 
membrane regression. Post-operatively the 
membranes are scarcely detectable. 

• Progression. When membranes are extensive and 
advanced simple closure of the retinal breaks, 
even if this can be achieved will not result in 
complete retinal reattachment. Tangential trac­
tion from membranes may prevent complete 
reattachment and the residual detachment 
(tractional) may become localised and non­
progressive. More often the membrane formation 
continues and breaks are sequentially reopened 
and rhegmatogenous retinal detachment recurs. 
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PVR and Cryotherapy 

Cryotherapy can cause the release of pigment 
epithelial cells into the vitreous cavity via the retinal 
break. These cells have the metaplastic potential to 
contribute to the formation of peri-retinal mem­
branes. This should make the retinal surgeon wary 
of the injudicious use of cryotherapy. Usually 
however, the very cases which are more likely to 
lead to PVR (e.g. re-operations, blood in the vitre­
ous and difficult retinal breaks) are precisely those 
in which there is a tendency to apply extensive 
cryotherapy. The potential contribution of cryo­
therapy to PVR has led to a more extensive use of 
laser retinopexy in vitreo-retinal surgery. 

Early Anterior Segment 
Complications 

• Sterile uveitis 
• Infective endophthalmitis 

• Ischaemia 
• Closed angle glaucoma 
• Open angle glaucoma. 

Sterile Uveitis 

Uveitis is found to a varying degree following most 
types of retinal detachment surgery, but least 
detectable after a non-drainage procedure. The 
degree of uveitis is increased with the complexity 
of the intraocular procedure or if complications 
(e.g. vitreous haemorrhage) have occurred. 

Action 

Anti-inflammatory therapy either as drops or sys­
temic administration are effective in reducing post­
operative pain and inflammation. 

Infective Endophthalmitis 

Intraocular infection is extremely rare, but is occa­
sionally seen particularly following long and com-
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plicated intraocular procedures. It usually appears 
from a few days to 2 weeks after surgery. A pre­
viously quiet eye becomes red and painful and 
intraocular signs include an increase in flare 
and cells in the anterior chamber with hypopyon 
formation, and the vitreous becomes hazy. 

Action 

Prevention is important with concentration on 
aseptic theatre technique and the use of prophy­
lactic antibiotics, given as a subconjunctival 
injection at the end of surgery. Treatment of 
endophthalmitis, if suspected, is the same as any 
other intraocular infection, i.e. a vitreous biopsy 
should be carried out and intravitreal antibiotics 
(eg, vancomycin 2 mg and ceftazidime 2 mg) injected 
(Chap. 20). 

Ischaemia 

Anterior segment ischaemia occurs as a result of 
reduced perfusion of the anterior segment and 
arises either from a reduction of arterial inflow from 
the anterior and long ciliary arteries or obstruction 
to the venous drainage by the vortex veins. 
Encircling procedures in compressing the whole 
globe are more likely to produce ischaemia than 
local buckles. 

Mild anterior segment ischaemia is characterised 
by slight corneal oedema with inflammatory 
reaction in the anterior chamber and segmental 
atrophic iris changes many be seen. In severe cases 
there is thick flare and cells with marked iris 
atrophy, the iris assuming a somewhat greenish 
tinge with subsequent posterior synechiae, hypo­
tony, and eventually cataract formation. 

Action 

Prevention is by far the best way of avoiding these 
problems. Appreciation of this problem has lead to 
a reduction in the use of encircling elements (par­
ticularly if high) and not detaching ocular muscles. 
Encirclement procedures should be avoided in any 
high-risk patient, e.g. in those with a general haema­
tological problem such as HBSC disease. 



Early Posterior Segment Complications 

Glaucoma 

Closed Angle Glaucoma 

This is rare and may occur as a result of: 

• An anterior shift of the lens-iris diaphragm 
induced by buckling procedures (usually encir­
cling). This type of glaucoma comes on within 
24 hours of surgery and may be prevented by 
avoidance of high buckles in eyes that have 
predisposition to angle closure. 

• Serous choroidal detachment. Associated detach­
ment of the ciliary body may cause the latter to 
hinge forward on the scleral spur with shallow­
ing of the anterior chamber and risk of angle 
closure. 

Action 

1. Pre-operative awareness of a shallow angle. 
2. Medical treatment such as the systemic adminis­

tration of Diamox and topical use of timolol 
0.25% bd and Trusopt 2% bd will usually be all 
that is necessary to control the intraocular pres­
sure until there is spontaneous resolution. 

Open Angle Glaucoma 

Open angle glaucoma is often seen following the 
more extensive types of vitreo-retinal procedures. It 
may be secondary to uveitis, and less commonly 
secondary to extensive vitreous haemorrhage 
(haemolytic glaucoma). Sometimes no obvious 
reason for a high pressure can be found but it is 
more likely to occur in eyes where there is under­
lyng aqueous outflow obstruction, e.g. in patients 
with underlying chronic simple glaucoma. 

Action 

Usually systemic acetazolamide and local hypoten­
sive agents (e.g. timolol 0.25% bd or Trusopt 2% bd) 
are all that are necessary to control the problem, 
which will resolve spontaneously in the weeks 
following surgery. 

Early Posterior Segment 
Complications 

• Choroidal detachment 
• Vitreous haemorrhage 
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• Post-operative complications of intravitreal air. 

Choroidal Detachment 

Choroidal detachment may be serous or 
haemorrhagic. 

Serous Choroidal Detachment 

These occur in the first 48 hours following surgery, 
but their appearance may be delayed up to a week. 
They are smooth, dome-shaped elevations which 
mayor may not be in direct relationship to the 
buckle (Fig. 11.1). They may be localised to one 
quadrant or involve the entire peripheral fundus. 
The elevations themselves have a brownish colour 
and although the fluid within them does not shift, 
the elevations have a wobbling movement. Posterior 
extension does not extend behind the equator and 
anterior spread tends to push the peripheral retina 
and ora serrata into view. There is almost invariably 
detachment of the ciliary body with hypotony. 
Choroidal detachments usually absorb sponta­
neously within a few weeks after surgery. Factors 
found to increase the likelihood of such detach­
ments are vortex vein interference (due to cryo­
therapy or needle damage), myopia and drainage of 
SRF. Small choroidal detachments are insignificant 
and disappear spontaneously within a few weeks, 
with no tendency to jeopardise the outcome of the 
procedure. However, extensive choroidal detach­
ments involving the greater part of the fundus can 
contribute to failure by increasing post-operative 

in is severe consider: 

• 
• Severe anterior segment ischaemia 
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Fig. 11.1 . Post-operative choroidal detachment. 

inflammation and promoting PVR, If choroidal 
detachment is slight it leaves no evidence of its 
presence after absorption. If, however, it has been 
extensive there is often some degree of pigmentary 
disturbance taking the form of thin concentric lines 
conforming to the outline of the detachment. 

Action 

Usually none is required as the detachments will 
disappear spontaneously. Intraocular inflammation 
should be controlled. 

Haemorrhagic Choroidal Detachment 

This rare event arises almost invariably as a result 
of an operative choroidal haemorrhage and is often 
associated with some degree of overlying serous 

retinal detachment. Usually choroidal haemorrhage 
will spread into the sub retinal space and into the 
vitreous cavity via retinal breaks and obscures the 
retinal view. The presence of blood within the eye 
greatly increases the chance of the eye progressing 
to PVR. 

Action 

An expectant policy should be pursued as in most of 
these cases choroidal haemorrhage will absorb 
spontaneously. However, if the haemorrhage is 
extensive then after 2 weeks further surgery should 
be considered, particularly if retinal detachment is 
present. This consists of external drainage of the 
choroidal haemorrhage (lysis of blood clot will have 
occurred), and PPV carried out. Silicone oil is 
usually injected. The prognosis is poor. 



Late Complications: Extraocular 

Vitreous Haemorrhage 

This is a serious complication as blood in the eye 
obscures the retina and promotes PVR. Vitreous 
haemorrhage usually arises as a result of extension 
of a per-operative choroidal haemorrhage, although 
may be caused by rupture of a retinal vessel (e.g. 
caused by needle damage during SRF drainage). 

Action 

If the retina is obscured, B mode ultrasonography is 
necessary to establish that the retina is in place. If 
this is so, then an expectant policy can be pursued. 
However, if retinal detachment persists, then PPV 
should be carried out urgently to clear the vitreous 
haemorrhage and to secure the retina. 

Post-Operative Complications of 
Intravitreal Air 

Air is a soluble gas and is absorbed from the vitre­
ous cavity within a few post-operative days. During 
this time observation of retinal details is more 
difficult. 

Complications are rare: 

l. Air may enter the subretinal space via large 
retinal breaks if injection technique has been 
poor and has resulted in multiple small bubbles. 

2. Any intravitreal gas bubble tends to break down 
blood retinal barriers and induce some degree of 
post-operative inflammation, factors that may 
encourage the development of PVR. This is not 
noticeable in a short acting gas such as air, but it 
may be a contributory factor in the production 
of PVR if long acting gases (e.g. C3F8) are used 
in the non-vitrectomised eye. 

Blood in the eye 

Obscures retina and promotes PVR 
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Late Complications: Extraocular 

Most extraocular complications following convent­
ional retinal detachment surgery are related to the 
use of scleral buckles. These are: 

• Cosmesis 
• Explant extrusion and infection 
• Pain and its causes 

• Diplopia 
• Refractive changes 

Cosmesis 

Low buckles cause almost no alteration in the 
appearance of the eye. Eyes that have had multiple 
procedures with loss of peri-ocular tissue (part­
icularly those with high buckles) tend to be enoph­
thalmic with consecutive ptosis. 

Action 

This condition is usually insufficient to require any 
corrective surgery, but if noticeable a lid elevating 
procedure may be necessary. 

Explant Extrusion and Infection 

Extrusion 

Months or years after surgery there is a tendency for 
explants (particularly silas tic sponges) to work loose 
and to assume a rather bulky swelling underneath 
the conjunctiva. Although not harmful, patients are 
often displeased by the appearance of such a lump. 
If the explant actually extrudes from the conjunctiva 
itself, it is likely that infection has played at least a 
part in this event. 

Action 

Explant extrusion is prevented by: 

l. Meticulous suture technique using long intra­
scleral sutures at the correct depth 
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2. Provision of a good covering of tenons and con­
junctiva over the trimmed explant 

3. Removal of explant may be necessary if the 
patient objects to its presence. 

Infection 

Silas tic sponge is more likely to get infected than 
solid silicone, as are explants used at re-operations. 
(The incidence of infection is approximately 1 %.) 
Although infection may manifest itself many 
months and sometimes years after surgery it prob­
ably arises as a result of low-grade infection intro­
duced at the time of surgery. Infection takes the 
form of an extraocular syndrome - a mucopurulent 
discharge is produced from a dehiscence in the con­
junctiva and this may be associated with granuloma 
formation (Fig. 11.2) and recurrent subconjunctival 
haemorrhage. The eye becomes red and irritable. On 
examination, care should be taken to elevate the lids 
and to move the eye into the extreme positions of 
gaze so that the infected areas may be brought into 
view. 

Action 

1. Prevention of infection is enhanced by the use of 
antibiotic-soaked sponges and subconjunctival 
injection of antibiotic at the end of surgery, and 
aseptic surgical technique. 

Fig. 11.2. Infection leading to a granuloma. 
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2. An infected plant must be removed. Admin­
istration of antibiotics, either local or systemic, 
is ineffective. If a local explant is protruding 
through conjunctiva it may be gently grasped 
and pulled out after topical anaesthesia have 
been given. If the explant is buried or covered by 
granulomatous tissue removal is best performed 
under general anaesthesia. Provided the retina 
has been firmly attached and retinopexy around 
the breaks has betn com plett, the removal of 
explants will not result in retinal redetachment. 

Pain 

In the majority of cases pain encountered in the 
post-operative period is not severe and remits 
within a week or two of surgery. Sometimes, how­
ever, it may last for many weeks or even months, 
taking the form of a dull ache around the eye and 
referred to the side of the head in tht distribution of 
the ophthalmic branch of the trigeminal nerve. 
Problems such as ischaemia, glaucoma, scleritis or 
uveitis may be the cause of such pain. However, on 
some occasions no intraocular problem can be 
demonstrated, the pain apparently caused by con­
striction from the scleral buckle. Such pain is much 
more likely to be encountered following the use of 
an encirclement procedure. 

Action 

Clinical examination will exclude ischaemia, glau­
coma, scleritis or uveitis. If no positive cause can be 
found then simple analgesia (anti-inflammatory 
agents are helpful) will usually control the pain until 
it remits spontaneously. If this is not satisfactory 
removal of the buckle is necessary. 

Any patient with mucopurulent conjunctivitis 
following retinal detachment surgery should 
be suspected of harbouring an infected buckle. 
Infected explants must be removed. 



Late Complications: Intraocular 

Diplopia 

This has become uncommon as PPV is now pre­
ferred to deal with cases of difficult breaks (Chap. 
15) which were previously treated by large and 
extensive buckles which tended to affect ocular 
motility. Transient diplopia occurs in about 5% of 
cases but the incidence of intractable diplopia con­
siderably less. Muscle interference at surgery should 
be minimised and muscles should not be dis­
inserted. The majority of cases particularly if image 
separation is not great settle spontaneously in a few 
weeks following surgery. Sometimes, however, 
diplopia may be intractable and this is particularly 
likely to occur if vertical diplopia is present. 

Action 

Prevention is achieved by: 

• A voiding muscle interference at the time of 
surgery 

• Avoiding the use of unnecessarily large scleral 
buckles. 

Treatment 

Prismatic correction with spectacles may help, but 
if this is not satisfactory then squint surgery or 
botulinum toxin are advised. Simple removal of the 
explant will sometimes be helpful, particularly if this 
is not delayed for too long after retinal surgery has 
been performed. 

Refractive Changes 

Encircling Elements 

When the buckle height is very low, refractive changes 
are minimal. If the buckle is somewhat higher, then 
there is a shift towards myopia due to elongation of 
the globe (up to 3 dioptres of myopia is common). 
With a deep encircling element the length of the globe 
is shortened with resulting hypermetropia. 

Local Buckles 

Minor degrees of change in refraction both of the 
astigmatic and spherical components are quite 
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common following local buckling procedures. 
However, high deep local buckles, particularly if 
radial, may produce very substantial and lasting 
degrees of astigmatism (3 to 4 dioptres is not 
unusual). 

Action 

Most refractive errors following retinal surgery may 
be corrected by altering the spectacle correction (it 
is wise to wait for at least 2 months following 
surgery as there may be some alteration in the 
refractive status during this time). On occasions 
unacceptably high degrees of refractive error, par­
ticularly if astigmatic, may necessitate removal of 
the buckle some months after surgery. 

Late Complications: Intraocular 

• Macular changes 
• Intraocular extrusion of explant 
• Sympathetic ophthalmitis. 

Macular changes 

Macular Pucker 

Macular pucker due to the presence of contracting 
pre-retinal membrane at the macula, is an unusual 
complication of all forms of retinal detachment 
surgery. (Incidence is approximately 5% of cases.) 
This incidence is higher in cases that already had 
established PVR (Fig. 11.3). The changes begin with 
disturbance of the normal macular reflex and wrin­
kling of the internal limiting membrane (cellophan­
ing). The developing membrane is initially invisible 
but eventually thickens to form perceptible whitish 
tissue on the surface of the retina, neighbouring 
blood vessels become distorted and drawn into the 
centre of the membrane. The posterior hyaloid is 
usually detached. Intraretinal white dots, small 
haemorrhages, and later small exudates may be 
found together with serous fluid under the neuro­
epithelium. 

The clinical spectrum is variable. The condition 
usually commences about 6 weeks after surgery and 
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Fig. 11.3. Macular pucker following retinal detachment surgery. 

the reduction of central vision is accompanied by 
micropsia and metamorphopsia. In mild cases 
pucker is slight and reduction of central vision 
minimal. More usually reduction of central vision is 
substantial reducing the initial post-operative level 
of acuity by several lines. When occurring in an eye 
in which the macula was not detached prior to 
surgery the effects on vision are particularly devas­
tating. Even in those cases where central vision is 
relatively good the patient may be considerably 
troubled by the incapacitating symptoms of meta­
morphopsia. Macular pucker of some degree occurs 
much more frequently in cases in which the retinal 
detachment had involved the macula in the pre­
operative period, suggesting that the present of sub­
retinal fluid under the macula tends to encourage 
the proliferative process. 

Conventional RRD Surgery: Post-operative Management, Signs and Complications 

Action 

Mild cases with few symptoms and preservation of 
good central vision do not need treatment and are 
often non-progressive. Highly symptomatic patients 
need surgical treatment by PPV and peeling of 
membrane. 

Other Macular Changes 

Changes at the posterior pole following successful 
reattachment of the retina in cases in which the 
macula was detached occur occasionally. They 
may be non-specific pigment epithelial changes -
with pigment epithelial proliferation and inter­
spersed areas of atrophy, cystoid macular oedema 
(infrequent), or full-thickness macular hole 
formation (rare). 

Intraocular Erosion of Explants 

This is now rare. Occasionally eroding materials 
(such as encircling elements or retaining scleral 
sutures) may result in recurrent vitreous haemor­
rhage which although disturbing usually clear spon­
taneously and require no active treatment; rarely 
retinal detachment occurs. 

Sympathetic Ophthalmitis 

This is rare complication of all forms of vitreo­
retinal surgery. 



Rhegmatogenous Retinal Detachment: 
Failure of Conventional Surgery 

RRD - Failure of Conventional Surgery 
• RE'asons for failure 
• Re-operation 

Permanent retinal reattachment for cases of RRD 
uncomplicated by advanced PVR should be 
achieved with one operation in approximately 
85%-95% of cases. If further surgery is necessary, 
this success rate should increase to over 95%. 
Failure of an operation is disappointing for both 
surgeon and patient and requires determination and 
understanding from both. It is particularly frustrat­
ing when initial visual improvement due to partial 
or complete absorption of SRF is followed by rapid 
worsening of vision due to redetachment. Careful 
explanation and prompt management will reduce 
the risk of a loss of confidence of the patient. Repeat 
surgery is not only more complex than primary 
surgery, but results from re-operation are worse 
both visually and anatomically. Failed surgery, par­
ticularly if complicated (e.g. by haemorrhage), tends 
to promote PVR making reattachment more 
difficult. 

Behaviour of SRF 

Non-absorption or progressive re-accumulation of 
SRF indicates failure of the operation. If SRF 

absorption is really complete it is unusual for the 
case to subsequently fail. The behaviour of SRF in 
the case of an inadequately sealed or missed break 
will depend on the type of operation performed. 

• Failure after non-drainage surgery. In these cases 
SRF absorption will be incomplete, and its dis­
tribution will either remain unchanged if the 
original break is unsealed or will alter its distrib­
ution to conform to the position of an unde­
tected break. Failure will usually be obvious 1-2 
weeks from operation. 

• Failure after surgery with drainage of SRF (e.g. 
D-ACE). In these cases the retina appear to have 
been almost completely reattached, only to be 
followed by progressive re-accumulation of SRF 
from an unsealed break. 

The Reasons for Failure 

The reasons for failure are: 

1. Unsealed breaks (missed or inadequately treated) 
(Figs. 12.1, 12.2) 

2. Proliferative vitreoretinopathy (PVR) 
3. New breaks. 

Unsealed breaks are the commonest reason 
for failed RRD surgery 
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Unsealed Breaks 

• Missed breaks. The failure to treat a break usually 
implies that the break has escaped detection 

• Inadequately buckled breaks. A break may not 
be sealed because of: 
i. Inadequate proportions of the buckle (insuf­

ficient height or width) 

Rhegmatogenous Retinailletachment: Failure of Conventional Surgery 

Fig. 12.1. Failed situations: a,b inadequate 
buckling; (a break in inferior retina has been 
mis5ed. Note how the contour of the SRF 
changes to indicate the position of the missed 
break. 

ii. Poor selection of the direction of the buckle 
iii. Failure to close a break at surgery when 

there is local PVR even when a buckle of 
adequate proportions has been used. 

• Inaccurate retinopexy. If retinopexy has been 
inadequate, but the break has been adequately 
buckled, redetachment of the retina may occur if 
the buckle height diminishes in the weeks or 
months following surgery. 



The Reasons for Failure 

Proliferative Vitreo-Retinopathy (PVR) 

PVR usually complicates rather than initiates failure 
and thus PVR will readily appear when retinal 
detachment surgery has failed to seal all retinal 
breaks. Apart from complicating failed cases in 
which there was no pre-operative PVR, PVR may be 
associated with failure in the following circum­
stances (Fig. 12.3). 

1. When PVR is established prior to surgery (e.g. 
Grade C) it may progress after surgery in spite 
of apparent adequate break closure. This may 
even happen when PVR is less advanced (Grade 
B) but is much less likely (Fig. 12.4). 

2. Rarely, PVR may suddenly develop several 
weeks after apparently successful surgery even 
when it had not been present at all in the pre­
operative detachment state. 
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Fig. 12.2a,b. Breaks have been missed. The 
SRF distribution reflects the position of the 
missed break. 

Action in Failed Cases 

A full re-examination is carried out to establish the 
cause of failure and to enable a plan for further 
surgery to be made. Break detection is more difficult 
in the previously operated eye. Previous retinopexy 
reduces the contrast from the choroid in addition to 
which access to the break with scleral indentation is 
more difficult due to the presence of buckles, a dif­
ficulty that is compounded if the eye is sore and 
uncomfortable. 

New Breaks 

Rarely following complete reattachment of the 
retina a fresh break may occur months or even years 
after reattachment. These breaks are usually 
attended by fresh symptoms of vitreous detachment 
and such an event may be explained by extension 
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Fig. 12.3. PVR and failure. In a epiretinal 
membrane central to the break (small arrow) 
has prevented its closure. In b superior 
breaks have apparently been closed by 
surgery but inferior PVR has progressed to 
fixed fold formation. There is almost certainly 
an unseen and unsealed inferior break. 

Fig. 12.4. An unusual cause of failure. The 
break has apparently been sealed but inferior 
PVR has progressed and eventually reopens 
the previously sealed break. 



Choice of Surgery 

of what must have previously been an incomplete 
posterior vitreous detachment. 

Choice of Surgery 

Unsealed Breaks 

Further Buckling 

Re-operation will usually consist of a further buck­
ling procedure, of either a previously unseen break 
or replacement of an inadequate buckle. Further 
retinopexy will be applied. The previous guidelines 
for non-drainage of SRF or SRF drainage and air 
injection or for PPV will be followed. 

Gas Injection 

In the unusual circumstance when failure has been 
caused by a break in superior retina which is slightly 
elevated from, but accurately sited over a buckle, it 
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may be possible to achieve break closure with an 
intravitreal injection of an expanding gas (0.5 ml of 
100% SF6) (Fig. 12.5). Post-operative posturing will 
allow tamponade of the break and additional retino­
pexy with laser photocoagulation is usually required 
after 24-48 hours. It is stressed that this is not often 
necessary as spontaneous closure of the break will 
usually occur without further surgical intervention. 

Failure to Find Unsealed Breaks 

In these cases management should be as described 
in Chap. 9 and surgery would thus consist of either 
presumptive buckling if the position of the unseen 
break is obvious or of PPV if more extensive detach­
ment is present. 

PPV 

If failure has been accompanied by a rapid advance 
or appearance of advanced PVR (Grade C) then PPV 
and internal relief of traction will be necessary. 

Fig. 12.S. The use of a post-operative gas 
bubble to seal a retinal break correctly sited 
over the buckle. 
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RRD - Prophylaxis 
• Breaks 
• Benign retinal degenerations 
• Lattice and snail-track degeneration 
• Methods of treatment 
• Indications 

The object of prophylaxis is to prevent retinal detach­
ment. Study of this subject has been neglected and as 
a result too many patients (approximately 50%) 
present with retinal detachment which has involved 
the macula. In many of these patients premonitory 
symptoms preceding the onset of the retinal detach­
ment have been ignored either by the patients or 
unappreciated by those from whom the patient first 
seeks advice. In considering the need for prophylaxis, 
a balance has to be struck between the need to 
prevent detachment against the risk, necessity and 
economics of treatment. The consideration of an eye 
for treatment mainly concerns those conditions 
which are known precursors of retinal detachment, 
i.e. retinal breaks and those retinal degenerations 
which may lead to retinal breaks. Sometimes 'normal 
retina' is treated in high-risk eyes. 

Retinal Breaks 

The relative frequency of retinal breaks detected at 
post-mortem examination (about 5%) or noticed on 

routine examination (almost 6%) indicates, that as 
retinal detachment is a relatively infrequent occur­
rence (about 1 in 10 000 people each year) breaks 
only infrequently cause retinal detachment. It is 
necessary therefore to try to determine which 
breaks need treatment. Some types of breaks are 
more likely to cause detachment than others: 

• Type. Retinal tears (with active vitreo-retinal 
traction upon their anterior aspect) are more 
likely to cause retinal detachment than round 
holes. 

• Position. Breaks within the vitreous base do not 
to cause detachment (except retinal dialysis). 

• Size. Big breaks are more likely to cause detach­
ment than small ones. 

• Myopia. Breaks are more likely to cause detach­
ment in the myopic eye. 

Symptomatic and Asymptomatic Breaks 

If a break caused by a recent symptomatic PVD 
(floaters or flashes or both) is going to proceed to 
RRD then it will usually do so within a few weeks. 
After that time the risk declines (see Chap. 3 for pre­
sentation and symptomatology of PVD). Asymp­
tomatic breaks, accidentally discovered, which may 
have been present for a long time, are less likely 
to cause detachment. However, patients are often 
relatively vague about symptoms so that the distinc­
tion between the symptomatic and asymptomatic 
eye, and therefore timing of the appearance of the 
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Retinal breaks are the precursors of retinal 
detachment. It is better to err on the side of 
treatment rather than lose the opportunity of 
preventing retinal detachment. 

retinal break may be difficult. Although some breaks 
carry a low risk of retinal detachment compared 
with others, it is still not possible to forecast with 
certainty which breaks will cause RRD and which 
will not. For example, on some occasions breaks of 
long standing may proceed to RRD. Urgent exam­
ination of patients with symptoms suggestive of 
posterior vitreous detachment should be carried out 
as soon as possible. Delay risks losing the opportu­
nity of treating a retinal break prophylactically 
before it leads to retinal detachment. 

Prophylactic Treatment 

Prophylactic treatment of retinal breaks is advised 
in the following circumstances: 

• Symptomatic breaks. Patients presenting with 
symptoms suggestive of posterior vitreous 
detachment and who are found to have a retinal 
break are at risk of developing retinal detach­
ment, and all such breaks should be treated. 

• Breaks in the high-risk eye. In these eyes the 
chances of a break proceeding to retinal detach­
ment is greater than usual and breaks should be 
treated: 
I. Breaks in fellow eyes of patients with retinal 

detachments 
ii. Breaks in pseudophakic or aphakic eyes 
Ill. High myopia. 

• Breaks in asymptomatic eyes. All dialyses and 
retinal tears are treated, but small breaks within 
the vitreous base or if surrounded by retinal pig­
mentation indicating a longstanding nature do 
not require treatment. 

Retinal Degenerations 

It is important to establish which retinal degenera­
tions risk break formation and which do not. 

Rhegmatogenous Retinal Detachment: Prophylaxis 

Benign Peripheral Lesions 

All of these lesions are found in the equatorial and 
pre-equatorial regions of the retina. The absence of 
overlying vitreous abnormalities contributes to the 
benign way in which these lesions behave, i.e. full­
thickness break formation does not occur. These 
lesions (Fig. 13.1) include: 

• Choroido-retinal degeneration 
• Choroido-retinal atrophy (paving-stone) 
• Snowflake degeneration 
• Cystic degeneration 
• Pigment clumping 
• White with or without pressure 
• Retinal erosion. 

Choroido-retinal Degeneration 

The various types of choroido-retinal degeneration 
and the variations in their clinical appearance 
are harmless, widespread and non-progressive. 
Choroido-retinal degeneration is found in the retina 
immediately adjacent to the ora serrata, its appear­
ance varying with its severity. When mild the only 
detectable change is a whitish-grey appearance on 
the surface of the retina with some degree of mot­
tling and pigmentation. When more marked, the 
changes assume a more opalescent appearance with 
an increase of pigmentation and later peripheral 
arterioles are sometimes seen to be whitened and 
there is marked hyperpigmentation of peripheral 
retina. Choroido-retinal degeneration in the equato­
rial region takes the form of rounded elevated 
lesions with hyperpigmented borders or of a honey­
combed area of pigmentation with the pigment 
tending to collect along the retinal blood vessels in a 
fine lace-like manner. 

Choroido-retinal Atrophy (Paving-Stone 
Degeneration) 

This degeneration is found in the equatorial and 
pre-equatorial regions and is characterised by the 
appearances of punched-out areas of retina with 
hyperpigmented borders. The lesions are usually 
linear in configuration, the centre of the affected 
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Fig. 13.1. Benign peripheral degenerative lesions: a pigmentary degeneration; b retinoschisis; ( cobblestone degeneration; d paving stone degeneration. 

areas varying according to the degree of atrophy 
present from either pink in mild cases to extreme 
whiteness when only bare sclera is apparently visible 
at the bottom of the lesion. However, in most cases 
larger choroidal vessels can be seen traversing the 
white areas. The overlying retina with the exception 
of the pigment epithelium which is absent, is found 
to be normal. It is not unusual to find extensive 
lesions which may, on occasion, extend through 
3600 of the peripheral retina. However, the lower 
half of the retina is usually favoured and the con­
dition is bilateral. The lesions themselves although 
harmless and not leading to retinal break formation, 
may make detection of retinal breaks more difficult 
if retinal detachment is coincidentally present. 
Detached retina will always be adherent to the edge 
of the paving-stone areas. 

Snowflake Degeneration 

Snowflake degeneration consists of scattered yellow­
ish dots, often multiple and close together in the 
postoral and equatorial region of the retina. 

Cystic Degeneration 

This degeneration begins in the outer molecular 
layer of the retina and results in the formation of 
cystic spaces in the neuro-epithelium. When these 
cavities coalesce and enlarge so that actual elevation 
of the retina can be observed the term retinoschisis 
is used. In its mildest form, cystoid degeneration is 
found immediately posterior to the ora serrata, the 
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lower temporal quadrant being the most favoured. 
Pink-red vesicles on a whitish-grey background give 
an opalescent appearance, and on scleral depression 
the affected tissue assumes the appearance of fine 
frog-spawn. Occasionally the cystic cavities may 
rupture to produce small excavations mimicking 
retinal breaks. Cystoid degeneration is commonly 
found in eyes that show other forms of degenerative 
change. If extensive, this degeneration may extend 
towards but not posterior to the equator. 

Pigment Clumping 

A localised area of pigment clumping in the periph­
eral fundus is frequently seen; these areas are 
usually distributed between the ora serrata and 
the equator. The clumps are of no particular 
significance and are more often found in myopia. 

White With and Without Pressure 

These changes are seen in flat retina with or without 
scleral depression respectively. White without pres­
sure is probably just a simple exaggeration of white 
with pressure. The condition is distinguished from 
the normal blanching of the choroid that comes 
about with scleral depression and which, accord­
ingly, moves as the scleral depressor alters its posi­
tion. In both conditions, geographical areas are 
found in the periphery of the fundus. The more 
linear edge of the area is on the ora serrata side of 
the lesion and the geographical shape on the more 
central side. Remarkably these areas extend poster­
iorly towards the equator and even beyond. The 
upper temporal quadrant is favoured and this 
appearance is often found in association with 
changes such as cystoid degeneration and lattice 
degeneration. These areas have not been shown to 
progress to any type of retinal degeneration of a 
more serious nature and may therefore be regarded 
as ophthalmic curiosities rather than areas of much 
significance. 

Retinal Erosions 

These are oval-shaped excavated areas within the 
vitreous base. The margins of such areas may 
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appear to be slightly elevated and the base cratered 
in appearance. Small whitish tags of vitreous are 
seen in most cases. These areas are not associated 
with retinal break formation or retinal detachment, 
but are often seen in eyes that contain lattice 
degeneration. 

Lesions That May Predispose to 
Retinal Detachment 

These lesions may be associated with break forma­
tion, breaks that are either round holes due to 
retinal atrophy or retinal tears caused by vitreous 
traction. 

• Lattice degeneration 
• Snail track degeneration 
• Cystic retinal tuffs. 

Lattice Degenerati(1n 

In its typical form lattice degeneration consists of a 
sharply demarcated circumferentially orientated 
lesion located in the equatorial or pre-equatorial 
retina (Fig. 13.2). Typically the lesions may be seen 
in the second decade but are rarely progressive. The 
areas may be multiple and at different levels and the 
upper temporal quadrant is the most favoured. 
Bilateral lesions are found in about 50% of cases and 
even though present from an earlier age, the lesions 
are not often noticed until the fourth or fifth decade 
during an ophthalmic examination. The fine white 
lines pathognomonic of lattice degeneration are 
continuous with retinal blood vessels, which may be 
found emerging apparently quite normally on the 

Fig. 13.2. Lattice degeneration with retinal breaks. 
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F====Lattke and snail track degeneratlon ...... == 
• Often bilateral 
• Equatorial 
• Upper temporal quadrant is favoured 
• Breaks may occur 

anterior side of the lesion. The white lines, caused 
by hyalinisation of the retinal blood vessels, are 
associated with thinning of the neuro-epithelium 
although the choriocapillaris is itself relatively 
unaffected. Vitreous abnormalities overlying the 
lesions are frequent, with areas of adhesion inter­
spersed with areas of liquefaction. The retina in the 
vicinity of lattice degeneration may have a some­
what thin and shaggy appearance, white dots 
are often found and there is a pigment epithelial 
reaction that varies in response from complete 
absence to extensive clumping. Retinal breaks are 
the most significant clinical features of lattice 
degeneration and they may be: 

1. Round holes, in which case they tend to favour 
the ends of the lattice lesion. 

2. Retinal tears, which are produced by posterior 
vitreous detachment and adhesion of gel to the 
posterior aspect to lattice. When a break is formed 
the lattice lesions are seen in the operculum. 

3. Giant breaks occasionally but rarely arise from 
the posterior edge of a long section of lattice 
degenerative change. 

As with retinal breaks the high incidence oflattice 
degeneration noted at autopsy (about 6%) in other­
wise normal eyes renders it impractical and un­
necessary to treat all patients with this condition. 
However, lattice degeneration, by leading to break 
formation, is a known precursor of retinal detach­
ment. It occurs in approximately 30% of detach­
ment cases, but not all of these cases are retinal 
breaks that cause the detachment associated with 
the lattice areas. The treatment of lattice degenera­
tion is advised in the following high-risk situations: 

• When breaks are found within it 
• In the same or the other eye of patients with 

retinal detachment 
• In aphakic or pseudophakic eyes. 
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Snail-Track Degeneration 

Snail-track degeneration is so named because the 
lesions consist of sharply demarcated areas that 
have a glistening frost-like appearance and resem­
ble the trail made by a snail (Fig. 13.3). The equator­
ial region of the retina is favoured, the changes are 
often bilateral and the temporal quadrant is affected 
most often. Although there are overlying vitreous 
abnormalities of liquefaction and adhesion, the 
breaks that are produced with this type of degenera­
tion are round holes which may be quite large. 
Although tears do not occur there is a strong ten­
dency to retinal detachment with this condition. 
Myopia is often present. Although this condition 
bears some similarity to lattice, and, indeed, it may 
just be a variation of it, hyalinisation of blood 
vessels is not seen and the two types of degenera­
tions are not found together. Snail-track degenera­
tion is less common than lattice. 

Treatment 

All round retinal breaks should be treated within the 
areas of snail-track degeneration. It is not necessary 
to treat the whole snail-track area. 

Cystic Retinal Tufts 

These are relatively insignificant small elevations 
in the post-oral region of the retina. If posterior 
vitreous detachment tractional breaks may arise at 
the posterior aspect of such tufts. 

Treatment is not advised unless symptomatic 
retinal breaks occur. 

Fig. 13.3. Snail-track degeneration with round holes. 
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Retinoschisis 

Retinoschisis may be classed as 

1. Senile 
2. Juvenile 
3. Tractional. 

Senile Retinoschisis 

Senile retinoschisis originates from peripheral 
cystoid degeneration of the retina. These cystoid 
cavities become confluent in the outer plexiform 
layer. The retinoschisis thus formed progresses by 
extending in a posterior direction through the layers 
of the neuro-epithelium. The innermost layer of the 
schisis nearest the vitreous cavity is referred to as 
the inner leaf and the other leaf nearest the pigment 
epithelium as the outer leaf. Sometimes the cystic 
spaces enlarge to produce dome like elevations. 

The main clinical features of this condition are: 

• It is usually bilateral, occurring more in hyper­
metropic eyes, and the lower temporal quadrant 
is the most favoured. 

• Yellow-white dots are scattered on the inner 
surface of the schisis cavity, apparently lying at 
the level of the internal limiting membrane. 
These dots are non-specific and may be found in 
other conditions, e.g. lattice degeneration. 

• The inner leaf of the schisis has a beaten metal 
appearance seen on slit-lamp examination and 
retro- illumination. 

• There may be sheathing or obliteration of over­
lying peripheral vessels. 

• Retinal breaks are infrequent but may be found 
in the outer or inner leaf of the schisis and occa­
sionally both. Breaks in the inner leaf are always 
round, whereas those in the outer leaf, which are 
difficult to detect, particularly at their posterior 
borders, can have a scalloped appearance, the 
edges of which are rolled. These breaks are 
usually irregular in shape. 

• Demarcation lines are not seen and this helps 
distinguish retinoschisis from longstanding 
retinal detachment. 

• Scleral depression over the outer leaf of the 
schisis makes the depressed area appear white. 
This is not seen in cases of retinal detachment. 
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• If retinoschisis extends posterior to the equator, 
an absolute field defect corresponding to the area 
effected is found. 

• Vitreous haemorrhage is rare. 

Clinical Course 

Senile retinoschisis is either static or progresses 
slowly and cases in which the schisis extends 
towards the posterior pole are extremely rare. The 
great majority of patients with retinoschisis have 
no symptoms and suffer no visual loss and the 
condition requires no treatment. Occasionally 
retinoschisis cause RRD. 

Management 

The condition requires no treatment and patients 
do not need to be followed. Rarely retinoschisis may 
be complicated by RRD, which will need surgery. 

Senile retinoschisis 

• Usually bilateral 
• Variable in extent and development 
• No demarcation lines 
• Rarely progressive 
• Rarely causes RRD 

Juvenile Retinoschisis 

Juvenile retinoschisis is inherited as a sex-linked 
recessive disease affecting males or less commonly as 
an autosomal recessive disorder. The retina splits at 
the nerve fibre layer and the condition may be com­
plicated by retinal detachment. The age of onset of 
this condition is usually less than 20 years. The 
affected retina has a thin cystic appearance and often 
multiple holes are present in the inner leaf. Early in 
the disease changes of retinoschisis are present in the 
macula as well, but they disappear in later life. 

Management 

No treatment is advisable. If retinal detachment 
occurs the prognosis for reattachment is poor. 
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Tractional Retinoschisis 

Shearing forces on the retina caused by static vitreo­
retinal traction (e.g contraction of va so-proliferative 
tissue as in diabetes) can result in either tractional 
schisis if the layers of the retina are affected without 
separation from pigment epithelium or in tractional 
detachment if such a separation has occurred. 
Clinical distinction between these conditions does 
not appear to be important, but the features of 
tractional schisis are: 

• Spread is slow 
• Water marks do not occur (unlike tractional 

retinal detachment) 
• Breaks may form in the inner leaf but do not 

result in rhegmatogenous detachment 
• The edge of the schisis, where it meets normal 

retina, is convex towards the centre of the schisis, 
as in traction retinal detachment. 

Management 

No treatment is required for tractional schisis. 

Methods of Prophylactic Treatment 

• Treatment of second eye 
• Technique 
• Out-patient prophylaxis 

Do not miss the chance to detect asymp­
tomatic disease - always examine the other 
eye 

Treatment of Second Eye 
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As part of a retinal detachment procedure the 
opportunity to examine the second eye, particularly 
if general anaesthesia is to be used, should never be 
lost. Although, in the majority of cases the oppor­
tunity for prophylaxis will have been realised as a 
result of the pre-operative examination, occasion­
ally undetected pre-operative pathology will become 
obvious on examination under anaesthesia. Trans­
conjunctival cryotherapy or indirect laser photo­
coagulation is used. Serious complications are 
extremely rare with either method and there is little 
to choose between them. Conjunctival and lid 
swelling is avoided by using laser photocoagulation. 

Technique (Fig. 13.4) 

When small retinal breaks are treated the cryo­
probe is placed directly underneath the break and 
usually only a single application of cryotherapy is 
necessary to freeze the retina around the break. 
With larger breaks, several applications will be 
needed. When linear areas are treated the cryo 
probe indents the centre of the lesion to freeze 
retina on either side. If it is necessary to treat extens­
ive areas indirect laser photocoagulation is advised, 
not only to avoid lid swelling, but it is also easy to 

Fig. 13.4. a Cryotherapy surrounding a retinal tear and ..... -tl~;~/"'~ holes in lattice degeneration; b laser photocoagulation 
used for the same lesions. 
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see where the treatment is being applied so that 
areas to be treated are not missed. When laser 
photocoagulation is used two rows of treatment 
should be placed around the lesion to be treated. 
The actual laser spots should be close together, but 
not quite touching. The prophylactic treatment of 
the second eye of a patient with a giant break should 
consist of three rows of pre-equatorial indirect laser 
photocoagulation through 3600 of retina. 

Out-Patient Prophylaxis 

Most lesions needing treatment may be treated with 
laser photocoagulation, and this can be done with 
the three-mirror contact lens with topical anaesthe­
sia on a slit-lamp argon laser delivery system. This 
method will not always enable the most anterior 
aspect of a retinal break to be treated and this may 
be reached with either indirect laser ophthal­
moscopy using scleral depression or by trans­
conjuctival cryotherapy. If the latter is to be used a 
small subconjunctival injection of 2% lignocaine is 
required to achieve anaesthesia. On rare occasions 
some patients are quite unable to accept prophylaxis 
under local anaesthesia, and a general anaesthetic 
may have to be employed. 
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Serious Complications 

Serious complications of prophylaxis are extremely 
rare. Macular pucker following the prophylaxis 
of retinal breaks occurs occasionally (there is no 
difference in the incidence of this complication 
between laser and cryotherapy) but it is difficult to 
know if the pucker had been produced as a result of 
treatment or consequent to the preceding posterior 
vitreous detachment. 

="""' ____ .;.;Pr;.;;0c.;l!hylaxls Indicated 

• All symptomatic breaks 
• All breaks in fellow eyes of patients with 

RRD 
• Other asymptomatic breaks (e.g. retinal 

dialysis and breaks and holes in lattice or 
snail-track degeneration, and most large 
breaks) 

• Some lattice and snail-track degeneration 
even when breaks are not present 

• 'Normal retina' in the fellow eye of an 
atraumatic giant break 
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PPV - Basic Set-Up 
• Viewing systems 
• Basic surgical set-up 
• Intraocular instrumentation 
• Basic su rgical technique 

Good optics for visualisation of the posterior segment 
is an important part of the basic set-up of PPV. 
Systems for viewing through the operating micro­
scope employ direct and indirect optics (Fig. 14.1). 

Direct Viewing Using Contact Lenses 
and the Optics of the Operating 
Microscope 

Traditionally, the posterior segment is viewed 
through the operating microscope using irrigating 
contact lenses during vitrectomy. A range of contact 
lenses is available with aspheric optics to give wide­
angle or magnified central fundus views. These 
lenses are hand-held and require an attentive assist­
ant with a steady hand to maintain a good view. The 
image produced is virtual and erect, the depth of 
focus is poor and the field of vision is small. The 
view of the peripheral retina is limited and pris­
matic lenses act as a mirror for visualisation of 
pre-equatorial retina. In gas-filled phakic eyes bi-

concave lenses are needed to obtain a fundal view. 
These lenses can also be secured onto the surface of 
the cornea by retention rings that are held in place 
by sutures. Methylcellulose or visco-elastic agents 
are used as optical coupling agents. The retention 
rings hinder rotation of the globe and extreme 
movements often lead to displacement of the lenses 
by the lids. Bi-concave lenses have large prismatic 
effect and can produce displacement or distortion of 
the image if the alignment is not perfect. 

Indirect Viewing Systems Using 
Image Inverters and Contact and 
Non-contact lenses 

Many surgeons now favour indirect viewing systems 
using high-powered contact or non-contact lenses. 
A real and inverted image is produced which is then 
converted to an erect image by an image inverter 
incorporated into the microscope optics. The main 
advantage of an indirect viewing system is that it 
provides wide angle of viewing and a good depth of 
focus. There is no need for lens changes during 
gas/fluid exchange procedures. It is less dependent 
on pupil size and a good fundal view can be 
obtained even when the pupil is relatively small. 
Because the field of view is wide, there is less need to 
rotate the globe to see peripheral retina. When non­
contact lenses are used, the cornea requires inter­
mittent wetting and water splashing on the 
non-contact lens can spoil the view. Methylcellulose 
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Non contact Cont<l<1 

Fig. 14.1. Viewing system optics. 

or sodium hyaluronate can be used to wet the 
cornea and is particularly useful if the corneal 
epithelium has to be removed. 

PPV 

The operation of PPV has a number of features 
that are common to all operations involving this 
technique; these are: 

• Anaesthesia 
• Conjunctival dissection 

• Muscle slings 
• Sclerotomies 
• Infusion fluid and pressure 
• Optics for viewing the vitreous and retina 
• Endo-illumination, vitreous cutter and other 

intraocular instruments 
• Basic vitrectomy techniques including deep 

indentation and internal search 
• Inspection of the retina for entry site tears 

• Closure. 



Anaesthesia 

Direct viewing with contact lens and 
miaoscope optics 

• Require an attentive a sistantto maintain 
a good fundal view 

• Hand -free focusing is pos ible u ing the 
optics of the microscope and the foot 
control 

• Smail field of view 
• Poor depth of focus 
• Need to swap lenses for the gas 

exchange procedu re 
• Better fo r macular surgery? 

Anaesthesia 

The choice of anaesthesia depends on: 

• The anticipated duration of surgery 
• The capacity and willingness of the patients to 

undergo local anaesthesia. 

Local anaesthesia is becoming more popular and 
has, as a main advantage, a faster turnover of cases. 
Anaesthetists favour local anaesthetic because there 
is less risk of systemic morbidity in patients with 
medical history such as diabetes mellitus and 
cardio-pulmonary disease. Some surgeons prefer 
general anaesthesia as the duration of surgery is 
often unpredictable. This is particularly so in a 
teaching vitreo-retinal unit where training surgeons 
are usually slower than their more experienced 
tutor. General anaesthesia also allows a relaxed 
examination of the second eye with careful scleral 
indentation and examination that may not have 
been as satisfactorily performed in the pre-operative 
period. This examination will facilitate break 
detection and prophylaxis. 

Most patients find the operations disconcerting 
and uncomfortable if the duration of surgery 
exceeds an hour and a half. Several of the surgical 
steps, such as cryotherapy and scleral indentation, 
can be painful if the local anaesthesia is inadequate 
or wearing off. Good akinesia is necessary for fine 
surgery close to the macula. 

Whether general or local anaesthesia is used, the 
fitness of patients needs to be considered. Heart 
failure, uncontrolled diabetes mellitus or hyper-

Indirect viewing with Image Inverter using contact 
lens or non-c:ontact lenses 

• Wide field of view 
• Excellent depth of focus 
• Good view through small pupil 
• Requires an image inverter 
• Some systems require manual focusing 
• No need to change lenses for gas exchange 
• No damage to corneal epithelium 
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tension needs to be treated and such treatment 
should take precedence over elective surgery. Pa­
tients who have poor hearing, reduced intellectual 
power or who are highly anxious are best given 
general anaesthesia as a good degree of rap­
port between surgeon and patient to achieve 
co-operation and reassurance is essential when 
local anaesthesia is used. 

For local anaesthesia, a 50%-50% mixture of 
0.75% marcaine with 2% lignocaine with 1500 IU of 
hyalase is used. To achieve lasting akinesia and 
anaesthesia, our current practice preference is to 
use retro-bulbar anaesthesia in a single trans­
conjunctivally injection in the lower temporal fornix 
using a I-inch 2s-gauge needle. The fornix is a 
useful landmark for the equator of the eye. A needle 
advanced antero-posteriorly at this site will have 
passed the greatest diameter of the globe and after 
about 1 em the tip of the needle is directed super­
iorly, posteriorly and medially to ensure the injec­
tion is deposited inside the muscle cone. Balloting 
the globe with the shank of the needle as it changes 
direction gives a useful feel for the relationship 
between the globe and the tip of the needle. An 
injection of 6 ml of anaesthetic solution accurately 
placed in the retro-bulbar space provides up to 
11/2 hours of good analgesia and akinesia. After 
1 hour, it may be necessary to supplement the 
anaesthesia with repeated injections or topical 
anaesthesia as appropriate. For simple vitrectomies 
(i.e. those that will not involve scleral buckle or 
otherwise take more than 1 hour) retro-bulbar 
anaesthesia may be achieved by use of a curved 
cannula introduced into the sub-Tenon's space in 
the inferior nasal quadrant and slid round the 
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contour of the globe. Approximately 3 ml of local 
anaesthetic may be injected in this way. Midazolam 
intravenously (1-2 mg followed by increments of 
0.5-1 mg if not adequate, usual range 2-7.5 mg) can 
be helpful to anxious patients. 

Conjunctival Dissection 

A 3600 conjunctival peritomy is necessary if scleral 
explants are planned or if deep scleral indentation 
is intended. Temporal and nasal relieving incisions 
aid exposure of the sclera overlying the pars plana. 
For a simple vitrectomy, it is sometimes only necess­
ary to perform two fornix-based conjunctival flaps 
in the upper nasal quadrant and in temporal quad­
rant. Tenon's capsule should be reflected with 
the conjunctiva to reveal bare sclera around the 
sclerotomies. 

Muscle Slings 

Traction sutures around the rectus muscles facilitate 
scleral buckling procedures. They are unnecessary 
for simple vitrectomies. 

Sclerotomies 

For three-port vitrectomy, the infusion is sited over 
the pars plana in the temporal quadrant (Fig. 14.2). 
This is adjacent to the lateral canthus to give 
maximum room to rotate the eye during surgery. 
The sclerotomies are placed 4 mm behind the 

Fig. 14.2. The infusion cannula. 
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limbus in the fully grown phakic eye to ensure the 
eye is entered anterior to the vitreous base (to avoid 
making a dialysis) but this is sufficiently posterior 
to avoid damage to the crystalline lens. The sclero­
tomies are sited more anteriorly (3.5 mm from the 
limbus) in microphthalmic, aphakic and pseudo­
phakic eyes. In the neonate, lens-sparing vitrec­
tomies are possible with sclerotomies placed 1.5 mm 
behind the limbus. Diathermy over the sclera 
ensures haemostasis and the sclerotomies are 
usually made with micro-vitreo-retinal (MVR) 
blades. The blade is directed towards the disc to 
avoid damage to the lE:ns. Following preparation of 
the sclerotomy, the infusion cannula (usually 4 mm 
in length) is inserted into the eye. After the cannula 
is inserted careful inspection will confirm that it has 
penetrated into the vitreous cavity. This can be done 
through the operating microscope by indenting the 
cannula deeply or with the indirect ophthalmo­
scope. The tip of the cannula needs to be visualised 
clearly before the infusion is turned on. Pre-placed 
sutures are used to secure the infusion cannula and 
may be tied as a bow. 

Suture 

This suture can be us(!d to close the sclerotomy at 
the end of the operation when the infusion cannula 
is removed; 9/0 nylon or 8/0 Vicryl are generally 
used for the sclerotomies. 

Special Note on Technique 

Extra care needs to be exercised when operating 
upon eyes with suspected choroidal detachment. In 
presence of choroidal detachment, it is not sufficient 
to see the tip of the cannula on indentation, one has 
to ensure a large part of the shaft is inside the vitre­
ous cavity. In these cases, the non-pigmented 
epithelium of the pars plana can hood over the 
cannula. Infusing under the detached non­
pigmented epithelium will detach the choroid and 
sometimes the retina as the vitrectomy proceeds. If 

The infu ion cannula must be fully within the 
vitreous cavity 
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there is hooding, a cut-down of the non-pigment 
epithelium from an adjacent port using an MVR 
blade should be made. It may also be appropriate to 
use a longer cannula (6 mm). 

Where to Place the Upper Sclerotomies 

The upper sclerotomies are made as horizontal as 
possible. This position allows easy access to pre­
equatorial retina and pars plana without reaching 
across the posterior pole of the lens and risking lens 
touch. The sclerotomy is thus placed to give equal 
access to the upper and lower halves of the retina 
and is helpful when extensive anterior dissection is 
planned in cases of anterior PVR. Anterior/inferior 
foreign bodies may also be removed from horizontal 
ports. If the nose hinders the movement of the 
instruments when the nasal port is in the horizontal 
meridian the sclerotomy has to be slightly higher 
in this quadrant. 

The MVR blade produces a 20-gauge slit. It is 
often difficult to introduce square-ended instru­
ments through a linear opening. The slit can be 
rounded up by a Nettleship punctum dilator or a 
20-gauge needle, thus facilitating the introduction of 
awkwardly shaped instruments. 

Extra steps which are helpful in deep set eye 
include: 

• An anterior chamber infusion cannula can be 
used in aphakic eyes instead of a standard pars 
plana infusion 

• Retro-bulbar anaesthesia to displace the globe 
forward 

• Gentle traction on rectus sling muscles has the 
same effect 

• A simple wick to prevent welling up of irrigation 
fluid in the fornix. 

Complications of Sclerotomies 

1. Haemorrhage. Slight intraocular haemorrhage 
may occur. If so, this is usually insignificant. 

2. Too large. If the sclerotomies are inadvertently 
made too large, then leakage of intraocular con­
tents, either infusion fluids, gas or liquid silicone 
can be a nuisance making it difficult to maintain 
the intraocular pressure. This is more likely to 
occur at re-operations when previous sclero-

125 

tomy sites may be accidentally reopened. If this 
problem becomes anything more than a slight 
nuisance, the sclerotomy site may have to be 
completely resutured and a fresh site selected. 

3. Breaks. Manipulation of the vitreous base may 
result in retinal dialysis. Traction on the poste­
rior hyaloid at the time of instrument entry and 
exit into the eye may produce small retinal tears. 

4. Extrusion of vitreous (and retina) may occur if 
sclerotomy sites are left open and intraocular 
pressure is high. 

These complications are usually only encountered 
when there has been excessive manipulation of the 
sclerotomy sites from awkwardly shaped instru­
ments (such as scissors) and will not occur during 
simple vitrectomy instrumentation (such as use of 
cutter, light pipe and flute needle). When there is a 
risk of breaks, careful inspection of the sclerotomy 
sites at the end of surgery is essential to recognise 
and treat any offending breaks. 

Infusion System 

The object of such a system is to retain a steady 
intraocular pressure during surgery preventing 
hypotony and collapse of the eye. Hypotony risks 
choroidal haemorrhage, which is one of the worst 
complications of vitreo-retinal surgery. It may also 
result in bleeding into the anterior chamber and 
also induce folding of the cornea both of which can 
obscure the fundal view. 

Infusion Fluid 

Hartmann's (Lactated Ringer's) solution is usually 
used for infusion. Special Balanced Salt Solutions 
may have advantages in maintaining corneal and 
lens clarity for protracted vitrectomies. Adrenaline 
(1 ml of 1:1000 into a litre bottle of Hartmann's 
solution) may be added and this will help to 
maintain pupil dilatation. 

Avoid per-operative hypotony 
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Bottle Height 

The height of the infusion bottle should be adjusted 
to suit the conditions of surgery. Usually it is placed 
at about 30 cm above the eye to maintain intra­
ocular pressure. If there is systemic hypotension, 
the arteries at the optic nerve head can be seen to be 
pulsating and the infusion should be lowered. 
Sometimes the disc is obscured as in cases of pro­
liferative diabetic retinopathy. If poor perfusion is 
suspected, the bottle height should be lowered. 
Conversely, the height may be raised to achieve 
haemostasis briefly by raising the intraocular pres­
sure during dissection of vascular membranes. If the 
bottle height is raised, care must be taken to keep 
sclerotomies closed for fear of extrusion of intra­
ocular contents. The intraocular pressure is also 
determined by suction applied via the cutter and to 
the rate of leakage of fluid through sclerotomies. 

Vitreous (utters and 
Endo-lliumination 

Most modern vitreous cutters are driven by pres­
surised air. The cutting rate can be 800 or higher 
per minute. The instrument is designed to excise vit­
reous gel piecemeal thereby exerting minimal trac­
tion on the body of the gel. Traction on the gel can 
give rise to retinal tears especially when the cutter is 
at the vitreous base. Usually, the maximum cut rate 
with a suction of between 150 and 300 mmHg is used 
for vitrectomy. When working close to the retina, the 
suction needs to be reduced. The cutter should not 
be moved around within the gel without cutting 
otherwise traction generated by the suction may 
cause retinal tears. Modern cutters all have a guillo­
tine action with an inner shaft moving under an 
outer sleeve. The closure is achieved by air pressure 
and the opening by a spring. The whole instrument 
is light and the inertia is small. This means the rapid 
action of the cutter does not produce juddering 
movements of the whole probe inside the eye. 
Cutters with smaller ports close to the tip facilitate 
the cutting of tissues close to the retina. 

Mode of Action 

Virtually all vitreous cutters for posterior segment 
work are driven by the Venturi principle. Suction is 
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generated by forcing air through a narrowing aper­
ture. The increased velocity of the air produces neg­
ative pressure or suction. The suction is then 
applied via a chamber through a length of tubing 
and the cutter and into the eye. The chamber acts a 
reservoir for collecting vitreous fluid. The presence 
of this chamber means that negative pressure can be 
built up in the system, a fact that must be constantly 
be borne in mind when working close to the retina. 
Suction can continue even when the foot is off the 
pedal until the Venturi is vented. For this reason, 
most vitrectomy machines are designed with rela­
tively small chambers and narrow-bore tubing to 
reduce the volume of the reservoir. Some machines 
have more than one chamber so that when the small 
reservoir is filled it is decanted to a larger reservoir 
for storage. 

Priming of (utter 

It is generally unnecessary to prime the tubing as its 
volume is relatively small. This allows undiluted 
specimens of vitreous fluid to be collected for 
biopsies and microbiology. When the cutter is used 
for delicate dissection or closely applied to the 
mobile retina, the foot needs to be taken off the 
pedal frequently to vent the system of negative 
pressure. 

Endo-lliumination 

A halogen light source provides good illumination. 
Blunt-ended light pipes give a divergent cone of 
light and moving the endo-illumination probe 
further away from the object gives a wider field of 
illumination. The divergence is a result of refraction 
as the light passes from the higher refractive index 
of the fibre-optic into the vitreous fluid. The cone of 
illumination is therefore wider in air-filled eyes. The 
vitreous gel is best observed with the light directed 
perpendicular to the direction of viewing. The retina 
on the other hand is best seen by direct illumina­
tion. As a compromise, and in order to see both the 
vitreous and its relationship to the retina, the light 
pipe is held obliquely. In the course of a vitrectomy, 
the direction of the endo-illumination probe is con­
stantly adjusted to give best visualisation of the 
structure of interest. 



Vitreous Cutters and Endo-illumination 

Properties of endo-illumination probes 

• The light pipe produces a divergent beam, 
moving the light pipe further away gives a 
larger area of illumination 

• The divergence of the beam is greater in 
air-filled eyes 

• Vitreous is seen by scatter of light and the 
light pipe should be held obliquely to the 
direction of viewing 

• Shining the light pipe at the posterior 
pole gives good retro-illumination of the 
vitreous cavity 

• Tapered light pipes give a wider illumin­
ation and are easier to introduce through 
sclerotomie 

Tapered light pipes give an enhanced field of 
illumination and complement the wide-field optics 
of the indirect view system. The shape of the tip 
makes it easy to introduce the light pipe through 
sclerotomies. 

Intraocular Instruments 

A wide variety of instruments is available for each 
specific task. Many instruments are available for 
once-only use. The use of each instruments has to 
balance need against cost and most vitrectomies can 
be performed with a few basic instruments (e.g. a 
23-gauge needle or an MVR blade can be bent at the 
tip to make a useful pick). 

Of the many instruments available, the simple 
flute needle is indispensable. The simplicity of 
design relies on passive aspiration of fluid with the 
suction pressure governed by the height of the infu­
sion pressure. Passive aspiration as opposed to 
active aspiration means that hypotony can be 
avoided. A bulb attached to the flute opening allows 
reflux of fluid. A jet of fluid can be used to agitate 
settled red blood cells and facilitate their removal. 
The flute needle enables the exchange of fluid for 
air, drainage of diffuse blood and occasionally allow 
direct manipulation of retina under silicone oil or 
heavy liquids. It helps de-laminate epiretinal mem­
branes in cases of macular pucker. Some cannulas 
have a Portex tubing at the tip and thus are useful 
for identifying the posterior vitreous lamina in 
macular hole surgery. 
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There are many intraocular forceps and scissors 
available for intraocular surgery. Most are hand-held 
but some have a mechanised action. The blades of 
the scissors are available with different degrees of 
angulation allowing horizontal and vertical cutting 
actions, the most popular of which is 70°, which are 
often used for de-lamination of pre-retinal mem­
branes in cases of proliferative diabetic retinopathy. 
These awkwardly shaped instruments can engage 
basal gel on entry and cause entry site tears. At the 
end of the operation, close inspection of the pre­
equatorial retina adjacent to sclerotomies using deep 
indentation is mandatory to detect and treat breaks. 

There are now many instruments that have more 
than one function built into 19- or 20-gauge 
systems. For example, a multi-function probe is 
available with endo-illumination, aspiration and 
diathermy facility. These instruments allow more 
complicated manoeuvres to be carried out without 
repeatedly changing instruments. 

Complications 

• Infusion: choroidal or retinal detachment from 
infusion fluid 

• Sclerotomy site: breaks, haemorrhage, extrusion 
of vitreous or gel 

• Instruments: lens touch, retinal breaks 
• Anterior segment: corneal oedema, hyphaema, 

intraocular lens difficulties. 

Air Infusion 

A continuous air infusion pump is used for ex­
changing intraocular fluids with air. It may be a 
separate piece of equipment or be incorporated as 
part of modern vitrectomy machines. The preset 
pump pressure is not equal to intraocular pressure 
and hypotony is possible. The intraocular pressure 
depends on achieving a steady state, when the rate 
of infusion of air keeps up with the rate of leakage of 
contents from the eye. During air infusion the flute 
needle is maintained in fluid behind the enlarging 
air bubble. If fluid exchange is done using active or 
passive aspiration, the rate of evacuation of fluid 
may exceed the air infusion and hypotony ensues. 
Similarly, when an eye is air-filled it may leak 
rapidly through an open sclerotomy venting the 
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system to the atmosphere. Fluctuations in intra­
ocular pressure occur when instruments are removed 
from the eye but should be kept to a minimum by 
keeping sclerotomies closed as much as possible. 

Basic Vitrectomy Techniques 
(including deep indentation and 
internal search) 

Routine Checks 

A routine of checks should be made before the 
commencement of the vitrectomy; ensure that: 

• The infusion cannula is in the vitreous cavity 
• The correct infusion fluid is being used 
• The infusion bottle height is not too high 
• The cut-rate and suction pressure are correct 
• The microscope is set up to allow a comfortable 

operating position. 

Vitrectomy can involve lengthy and complex 
manoeuvres. Both surgeon and the scrub nurse 
should be aware of the intended surgical moves so 
as to avoid unnecessary delay during the procedure. 

The basic vitrectomy uses endo-illumination and 
a vitreous cutter (Fig. 14.3). The angle and the pene­
tration of the light probe is varied to give optimum 
illumination. At all times there must be awareness 
of the spatial relation between the vitreous cutter 
and the back surface of the crystalline lens. Tilting 
and rotating the eye excessively will alter the relative 
position of the cutter and may cause lens touch. In 

Fig. 14.3. The standard three·port vitrectomy set up with infusion cannula, 
fibre-optic illumination and vitreous cutter. 
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phakic eyes, all intraocular instruments should be 
directed at post-equatorial retina. 

The opening of the cutter, which must be visible 
to the surgeon at all times, should be rotated to face 
the vitreous gel it is cutting. Ideally, vitrectomy 
should start at the posterior vitreous face (provided 
this can be identified) and continue anteriorly 
leaving a small residual frill at the retina. Repeated 
insertion of the instruments should be minimised to 
avoid risk of entry site breaks. 

Deep Indentation 

This technique is of basic importance to the per­
formance of vitreo-retinal surgery and its import­
ance cannot be over-emphasised. 

Indications 

• Clearing of anterior vitreous opacity 
• Identifying retinal breaks 
• Assisting the dissection of anterior pre-retinal 

membranes 

Deep indentation is useful for clearing peripheral 
opacities (e.g. blood), identifying retinal breaks and 
enhancing removal of peripheral gel and sometimes 
anterior pre-retinal membranes. It should be used 
to complete an anterior vitrectomy. 

Clearing Vitreous Opacity 

Technique 

This procedure should be done with the bottle 
height reduced to render the eye compressible. 
Indentation may be performed as a bi-manual tech­
nique and for this a shortened squint hook hook 
serves as a convenient scleral depressor. This instru­
ment is used to indent the globe bringing peripheral 
retina into view and allows access of the vitreous 
cutter to the gel frill. This move can be carried out by 
the surgeon using the coaxial illumination of 
the microscope, the indentor in one hand and the vit­
reous cutter in the oth(~r. This technique is useful for 
removing vitreous opacity such as blood in anterior 
inferior gel. However:, better illumination may be 



Retinopexy 

achieved by indentation from an assistant leaving the 
surgeon free to use endo-illumination and vitreous 
cutting. To avoid lens touch in the phakic eye, the 
nasal port should be used for anterior vitrectomy of 
the nasal half of the eye and the temporal port for the 
temporal half. Lens touch is also minimised by avoid­
ing excessive tilting of the eye. Indentation is facili­
tated by suction from the vitreous cutter, otherwise 
firm pressure on the globe will raise intraocular pres­
sure and risk incarceration of vitreous or retina into 
either an open sclerotomy or the infusion cannula. 
When the latter happens, the infusion stops flowing 
and hypotony ensues often for a period before the 
surgeon becomes aware of the situation. Similarly, 
care should be taken when using the technique of 
deep indentation in the presence of a highly elevated 
retina which may incarcerate into any of the ports. 

Break Detection 

Deep indentation allows inspection of the vitreous 
base to search for vitreous breaks (see Chap. 15, 
Fig. 15.1). The light pipe is inserted through one port 
to illuminate anterior retina and a plug is inserted in 
the other unused port. Using endo-illumination, an 
excellent view is achieved which is free from the 
specular reflection of the cornea and lens. The 
mobility of the depressor backwards and forwards 
across the vitreous base brings into view retinal 
breaks undetected before surgery. 

Drainage ofSRF 

Deep indentation can assist the drainage of SRF. A 
scleral depressor indents under the break and the vit­
reous cutter trims the gel around the base of the 
break. With linear aspiration, a large proportion of 
the SRF can be evacuated, especially if the fluid is 
viscous, as when the retinal detachment has been 
present for a few weeks. (The drainage of SRF in this 
way is less successful for fresh detachment as the 
retina surrounding the retinal break tends to become 
quickly apposed to the pigment epithelium loculating 
the bulk of SRF posteriorly.) As soon as SRF is 
drained, air exchange needs to be carried out 
promptly otherwise infusion fluid rapidly recruits 
through the break. This is facilitated by maintaining 
scleral indentation and when air is introduced into 
the eye, the cutter continues to aspirate close to the 
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break. As soon as the air fills the anterior part of 
the vitreous cavity the break is effectively sealed, the 
indentation can be released and both light pipe and a 
draining flute needle inserted to complete the pre­
retinal fluid/air exchange. Evacuation of SRF using 
deep indentation cannot be expected to achieve a 
complete drainage. Slight residual SRF will be dis­
placed posteriorly and there is a danger of driving 
SRF underneath the macula, which may not have been 
detached prior to surgery. To avoid this complication 
complete air fill should be avoided (see Chap. 15). 

Deep Indentation: the dos and don'ts 

• Indentation can be performed by the 
surgeon (a a bi-manual technique) or by 
an as istant 

• Reduce bottle height and infusion pressure 
• Deep indentation is enabled more by 

aspiration than by pre sure 
• Prevent lens touch by avoiding tilting the 

eye or reaching across the posterior pole of 
the lens in phakic eyes 

Retinopexy 

Retinopexy following vitrectomy is carried out with 
laser photocoagulation or with cryotherapy. For 
small areas to be treated there is probably little to 
choose between the two methods. Laser photo­
coagulation has some advantages, but is not without 
technical difficulty. 

The advantages are: 

• It is less likely to promote PVR 
• It causes less discomfort and swelling post­

operatively 
• It probably causes chorio-retinal adhesion earlier 

than cryotherapy. 

Viewing Difficulties 

Laser photocoagulation is usually delivered via an 
endo-probe and occasionally via an indirect oph­
thalmoscope. Laser retinopexy is only possible when 
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the retina is apposed to the underlying pigment 
epithelium and although retinal apposition can 
sometimes be achieved with indentation alone, this 
is usually only possible for anything but small 
breaks after fluid/air exchange. However, small 
breaks may then be difficult to visualise through the 
air bubble. The treatment of posterior retinal breaks 
(including retinotomy sites for SRF drainage) 
usually presents no difficulty. If a retinal break is 
situated in pre-equatorial retina, deep indentation 
using a bi-manual technique is needed to get access. 
The view through an air bubble using the coaxial 
illumination of the operating microscope is less 
satisfactory. 

This viewing problem is overcome by the multi­
function light probe that incorporates two fibre­
optic fibres, one carrying endo-illumination and the 
other carrying the laser. It offers the surgeon the 
freedom to carry out deep indentation with one 
hand, whilst illuminating the break and treating at 
the same time using this probe in the other hand. 
An alternative method to overcome the viewing 
difficulty is to carry out laser retinopexy by first re­
apposing the retina with heavy liquids. Using the 
wide-view optics afforded by an indirect viewing 
system it is possible to gain access to the equatorial 
retina without the need for deep indentation. The 
uptake can be variable when the laser encounters 
multiple reflective and refractive interfaces between 
air and cornea, cornea and lens, lens and air and 
air and retina. Laser can be delivered via an 
indirect ophthalmoscope combined with scleral 
indentation. 

Treat small breaks before fluid/air exchange 

Cryotherapy 

If a limited amount of retinopexy is required, 
cryotherapy may be used and this can achieve 
retinopexy even if a shallow film of SRF is present 
and can therefore be applied before fluid/air 
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exchange. Cryotherapy is performed either in the 
conventional manner using an indirect ophthalmo­
scope (with plugs in the sclerotomy port) or using 
the indirect viewing systems of the operating micro­
scope. The latter is performed with the endo­
illumination light probe inserted through one of the 
two sclerotomies, a plug in the other and using the 
cryotherapy probe as a scleral indentor. This pro­
vides good viewing of the retinal breaks before or 
after fluid/air exchange. 

Inspection of Entry Site 

At the end of a vitrectomy, the retina should be 
inspected for entry site breaks by indirect ophthal­
moscopy or by deep indentation. This is best carried 
out before air exchange as break detection can be 
difficult in the air-filled eye. 

Closure 

The sclerotomies should be closed using 8/0 Vicryl 
or 9/0 nylon after any prolapsed gel has been care­
fully removed from the wound using the vitreous 
cutter. The wound should be sewn tight to pre­
vent leakage of internal tamponade agent post­
operatively. A drop of atropine 1 % will maintain 
dilation of the pupil facilitating fundoscopy at the 
first dressing. 

Long-term Complications 

The most important long-term complication is the 
development of nuc1ear sclerotic cataract. In 
patients over the age of 50 this is an almost invari­
able complication about which the patient must be 
warned. In younger patients, the risk of cataract for­
mation is greatly reduced. Cataract surgeons should 
be warned that absence of the vitreous from an 
eye gives it a rather 'soft' feel. Phacoemulsification 
and intraocular lens implantation may be used as 
usual. 
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PPV: RRD without PVR 
• Indications 
• Surgical technique 
• Peroperative complications 
• Reasons for failure 
• Treatment offailure 

PPV proved to be an important addition to the 
choice of procedures available to the vitreo-retinal 
surgeon in the management of RRD. PPV should 
not just be regarded as a procedure to follow failed 
conventional surgery, but may well be the operation 
of first choice. Case mixes will be dissimilar between 
various centres but in our two units vitrectomy is 
performed as a first operation for RRD in 30%-40% 
of cases. The indications for PPV for RRD are 
separated into two groups: 

1. RRD uncomplicated by significant PVR. 
2. RRD complicated by PVR where the main 

reason for PPV is to solve the problems caused 
by the peri-retinal membranes. 

PPV for RRD without Extensive PVR 

In these cases vitrectomy is not being performed 
because of PVR and it is useful if the RRD is associ­
ated with any of the following features: 

• Difficult breaks 
• Macular pucker 
• Choroidal detachment 
• Foreign body. 

Difficult Breaks 

Breaks are classed as difficult because of: 

• Uncertainty of position 

• Size 
• Position 
• Arrangement 

Detection Uncertain 

If the view of the retina due to opacities in the media 
is completely or partially obscured, detection of 
retinal breaks may be either impossible or unreli­
able. The commonest causes of opacities are at the 
lens iris diaphragm (e.g. poor pupillary dilatation, 
cataract, opacification of the anterior and posterior 
capsules with or without residual lens remnants fol­
lowing cataract extraction or other forms of trauma) 
or because of vitreous opacity (e.g. vitreous haemor­
rhage). In the pseudophakic eye these difficulties are 
further compounded by awkward light reflection 
from the surfaces of the intraocular lens. The follow­
ing characteristics of breaks make them difficult and 
potentially risky to buckle conventionally. 
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The Size of Break 

Breaks greater than one clock hour in size (huge 
buckles would otherwise be required to seal these 
breaks). 

Consider PPV as the operation of first choice 

Position 

Breaks at the posterior pole are inaccessible to easy 
buckling. 

Arrangement 

Multiple breaks widely scattered and of varying size 
and distance from the ora serrata that would other­
wise demand a very complex arrangement of 
buckles. Multiple breaks of this sort may be found 
in 'ordinary' RRD or may be part of an exceptional 
picture such as retinal detachment complicating 
CMV retinitis. 

In all of the above examples of 'difficult breaks' 
PPV allows safe internal drainage of SRF, controlled 
retinopexy and easy closure of breaks by internal 
tamponade. When breaks are situated above the 
midline use of buckles will be completely avoided 
(see later). 

Macular Pucker 

If macular pucker accompanies RRD then the visual 
result, which may be achieved following reattach­
ment of the retina with conventional methods, will 
be disappointing due to the presence of the pucker. 
In these cases PPV combines peeling of the pre­
retinal membrane with closure of peripheral breaks. 

Choroidal Detachment 

If choroidal detachment is extensive particularly if 
in close proximity to retinal breaks then PPV is 
advised. At least partial drainage of the supra­
choroidal fluid will occur from the sclerotomy sites 
at the time of operation allowing for break closure 
and retinopexy. 
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Foreign Bodies 

The presence of an intraocular foreign body which 
is judged to need removal. 

Rationale for PPV 

The rationale for PPV when PVR is not present in 
any significant degree is as follows: 

1. Allows clearing of opacities in the media 
2. Enables break identification 
3. Removes dynamic vitreo-retinal traction upon 

breaks which can then be closed and sealed with 
internal SRF drainage, gas tamponade and 
retinopexy. This also reduces the need for scleral 
buckling. 

Surgical Technique 

• Removal of Anterior Segment Opacities 

• PPV 
• Break detection 
• Internal drainage of subretinal fluid 

• Retinopexy 
• Fluid/air exchange 
• Buckles 
• Air/gas mixture 

Removal of Anterior Segment Opacities 

Significant cataract will be removed either by phaco­
emulsification (this is particularly useful if marked 
nuclear sclerosis is present) or via pars plana lens­
ectomy. It may be possible to retain either anterior 
or posterior capsule to allow insertion of an intra­
ocular lens at a subsequent operation. Opacities 
anterior to an intraocular lens (e.g. anterior capsule) 
will have to be removed with scissor dissection via a 
corneal incision. Cataractous remnants from previ­
ous congenital cataract surgery may be very difficult 
to manage. Tough doughnuts of almost calcified 
material may be present which will be difficult to 
remove with the vitreous cutter through the pars 
plana. These remnants may have to be removed with 
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scissors dissection via a corneal incision. Visco­
elastic material is extremely helpful when injected 
into the anterior chamber to clear blood or white 
cells which may obscure the view of the posterior 
segment. Intraocular lenses are retained whenever 
possible, removal only being necessary if they are 
judged to severely impair the view of the retina. 
Posterior capsular opacities are removed with a 
vitreous cutter via the pars plana sometimes after 
an initial incision into the capsule with the MVR 
blade has been made. If a plate haptic lens is present 
capsulotomy (if necessary) should be small. 

PPV 

In the presence of mobile retinal detachment the 
infusion bottle is kept low and high cutting rates are 
used to minimise the risk of the retina being sucked 
into the cutter and producing iatrogenic breaks and 
haemorrhage. Central vitreous is removed first until 
the posterior hyaloid is identified and this is then 
removed in a central to a peripheral direction until 
the point to which the vitreous is attached to the 
retina (usually but not invariably the vitreous base) 
is reached. A short frill is left at the point of retinal 
attachment. If the posterior vitreous detachment is 
very incomplete then this can usually be encour­
aged, if not always completely achieved, by gentle 
traction on the posterior hyaloid. This manoeuvre is 
more difficult to achieve in the young eye. The trim­
ming of peripheral vitreous is facilitated by external 
indentation. 

Search detached and flat retina for breaks 

Break Detection 

Although large breaks become obvious as the vitrec­
tomy proceeds, particularly if they are equatorial or 
post-equatorial in position a careful internal search 
is made to detect breaks in both detached and flat 
retina. The mixing of SRF emerging through a 
retinal break with infusion fluid (Schlieren) is of 
little localising value. During PPV retina that was 
previously flat will not usually detach and the dis­
tribution of SRF from retinal breaks is therefore still 
predictable. A careful internal search should now be 
made to now detect breaks in both detached and flat 
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Fig. 15.1. Indentation is used to find peripheral retinal breaks. 

retina. Internal searching with indentation and light 
pipe illumination allows a magnified binocular view 
of retina, a technique that is particularly helpful for 
the detection of small peripheral breaks (Fig. 15.1). 
Just as with scleral depression in the pre-operative 
examination the use of per-operative indentation 
affords an important dimension to the examination. 
Occasionally indirect ophthalmoscopy and external 
indentation may be useful, particularly if there is 
still some residual problem in peripheral visual­
isation while viewing with the microscope. 

Internal Drainage of SRF 

Internal drainage of SRF is achieved via the retinal 
break either with a flute needle tapered to 27 gauge 
for small breaks or using the vitreous cutter and 
low suction. In spite of this it may be difficult to 
evacuate SRF through small peripheral breaks. 

Retinopexy 

Cryotherapy applied through full thickness sclera or 
endolaser photocoagulation is used. If breaks are 
large and difficult to close with indentation then 
retinopexy can be delayed until after fluid/air ex­
change. All breaks both in detached and flat retina 
are treated. Laser photocoagulation is particularly 
simple and suitable for breaks which may be readily 
closed with indentation. If retinal breaks are small 
and easily closed it is wise to apply retinopexy 
before the fluid air exchange as the breaks may be 
very difficult to detect through the minified image 
afforded by the gas bubble. Ifbreaks are large and if 
they are difficult to close at this stage then retino-
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pexy can be delayed until after fluid air exchange. 
All breaks both in detached and flat retina are 
treated. 

Fluid/Air Exchange 

Air is introduced to the eye via the three-way tap on 
the infusion system. The indirect viewing system 
facilitates fluid air exchange as it requires little if 
any alteration in the focusing of the optical system. 
Fluid is removed with a flute needle from behind the 
enlarging intravitreal bubble (Fig. 15.2). SRF should 
be evacuated via a retinal break early in the 
exchange, otherwise the enlarging intravitreal 
bubble will close a peripheral break making the 
evacuation of subretinal space more difficult. After 
SRF has been exchanged and the break closed the 
tip of the needle is advanced into the eye until all 
fluid is removed from the pre-retinal space. 

When gas is used as an internal tamponade, it is 
not necessary to chase the last residual drop of SRF. 
The success of surgery depends on the identification 
and closure of retinal breaks and any residual SRF 
will absorb as usual in the post-operative period. 

Buckles 

Post-operative gas tamponade will be perfectly ade­
quate to achieve break closure for superior breaks 
until they are sealed by the retinopexy reaction 
(approximately one week). Tamponade however, of 
breaks below the mid-line is much less certain and 
buckling for equatorial and pre-equatorial breaks in 
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the inferior retina is recommended. These buckles 
(of silicone rubber) need only to cover the break 
and do not have to be high. The 287 tyre is satis­
factory for most purposes. Encirclement is not 
necessary. 

Air/Gas Mixture 

Prior to closure of the sclerotomies, the eye is filled 
with the gas mixture to be chosen. Sulpha­
hexafluoride (SF6) is particularly suitable for cases 
of RRD without PVR. A 20% air/SF6 mixture is suit­
able as it will not expand when introduced into the 
eye and will provide satisfactory tamponade of super­
ior breaks for at least 10 days while it is gradually 
absorbed. This mixtun: is flushed through the eye via 
the infusion cannula and is performed manually 
using a 50 ml plastic syringe. If general anaesthesia is 
employed at which nitrous oxide is being used then 
the latter should be discontinued 10 minutes before 
the exchange. This is to ensure that nitrous oxide 
which is freely soluble is not part of the air bubble in 
the eye prior to the air/SF6 exchange. If this is not 
done there may be a rapid reduction in the size of 
the gas bubble after the nitrous oxide has been 
discontinued at the end of surgery. 

Per-operative Difficulties and 
Complications 

Complications which may be encountered at any 
PPV have been described in Chapter 14. Specific 

Fig. 15.2. Internal drainage of SRF via 
the retinal break as part of fluid/gas 
exchange. 



Per-operative Difficulties and Complications 135 

difficulties and complications of PPV for RRD after drainage and gas injection buckling is 
without PVR include: unnecessary. 

• Retinal breaks 
• Difficulty with break detection 
• Difficulty with fluid/air exchange 
• Choroidal haemorrhage 

Retinal Breaks 

Iatrogenic retinal breaks may be caused by the 
cutter and these have to be closed and sealed. 

Difficulties with Break Detection 

On some occasions in spite of assiduous per­
operative searching, particularly in cases which have 
had previous operations the view of the extreme 
periphery may still be difficult. Absolute certainty 
about break detection may be impossible. Failure to 
find a retinal break is always very uncomfortable 
and leads to a series of presumptive moves based on 
the likely site of the unseen break. 

Action 

Retinopexy should be applied to all suspicious areas 
particularly concentrating on the suspected site of 
the retinal break. If retinopexy itself also fails to 
show up the site of a break then a small posterior 
retinotomy should be made using a 20 gauge endo­
diathermy tip (approximately 2 disc diameters 
above the disc provided there is reasonably deep 
SRF) to allow internal drainage. A further search of 
peripheral retina should be made both before and 
after gas exchange to see if the alteration in the 
retinal configuration has revealed a break. If a supe­
rior break is likely then buckling is not required. If 
the retinal detachment is confined to the inferior 
half of the retina, the retinotomy should be equator­
ial in position, so that subsequent to drainage and 
gas exchange an inferior buckle can be used to seal 
both the retinotomy and also the presumptive 
retinal break. If the detachment is more complete 
and an inferior break can be excluded, then 

Difficulties with Fluid/Air Exchange 

This may be caused by 

• Pseudophakia 

• Aphakia 
• Small breaks 

View lost? 

Action 

• Corneal oedema Remove epithelium 

• Folds in Descemet's Restore IOP 

• Ant. Chamber cells Healon to AC 

• Conden alion on JOL Flute wipe 

• Specular Reflection Keep exchanging 
from Bubble 

• Vitreous haemorrhage Raise bottle 
before aspiration 

Pseudophakia 

A variety of difficulties may arise in the pseudo­
phakic eye. These include condensation on the back 
of the intraocular lens (the droplets usually quite 
easily removed by the flute needle) anterior dis­
placement of the lens-iris diaphragm, shallowing of 
the anterior chamber causing displacement of hap­
tics, or actual entry of air into the anterior chamber 
itself (which can severely obscure the view of the 
posterior segment). The latter problems may be 
dealt with by injecting visco-elastic material into the 
anterior chamber displacing air from it and pushing 
the lens-iris diaphragm backwards. 

Aphakia 

Miosis may be profound in spite of infusion of 
adrenaline or subconjunctival Mydricaine. Small 
sphincterotomies will have to be performed to 
enlarge the pupillary aperture, although iris hooks 
maybe used. 
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Small breaks 

If the retinal break is small it may be difficult to 
completely evacuate the SRF. If this is not possible 
enlargement of the air bubble in the pre-retinal 
compartment will tend push fluid in the subretinal 
space backwards towards the disc (Fig. 15.3). This 
steam rolling action not only risks detaching what 
may have been a previously un-detached macula, 
but may also result in retinal pleats. This problem 
may be avoided by; 

1. Instead of attempting a complete air fill of the eye 
a bubble of 100% SF6 (1.5 mls) which will not 
caused posterior displacement of SRF may be 
injected into the vitreous cavity. This bubble will 
double its volume within 48 hours of surgery and 
can be relied upon to provide adequate tampon­
ade for most superior breaks. Residual SRF will 
absorb spontaneously in the postoperative period. 

2. A posterior retinotomy to evacuate SRF may be 
used. The retinotomy will be sealed with endo­
laser retinopexy after fluid/air exchange. 

3. Heavy liquids when introduced into the eye 
will sink to the posterior pole and progressive 
filling of the eye will push SRF forward and 
out through peripheral retinal breaks. A heavy 
liquid/air exchange will then be performed. 

Choroidal Haemorrhage 

Severe per-operative haemorrhage is a rare but 
dreaded complication of PPV. It is more likely to 
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Fig. 15.3. Failure to evacuate SRF anteriorly may result 
in posterior movement of SRF as the gas bubble 
enlarges. Ple'ats may form in posterior retina. 

occur if there have been periods of hypotony, or 
extensive retinopexy and buckling. The myopic eye 
is much more vulnerable to this complication. If 
choroidal haemorrhage occurs and is extensive, per­
operative evacuation of the haemorrhage will rarely 
be successful and the eye will have to be closed. 
Although the prognosis for restoration of good 
vision is poor, after two or three weeks there may be 
an opportunity to re-operate, drain choroidal haem­
orrhage externally, and remove internally the almost 
inevitable accumulation of subretinal and vit­
reous blood. Silicone oil tamponade will usually be 
necessary. 

Failed Surgery 

Failure to completely achieve reattachment or re­
detachment of the retina is due to failure to seal 
breaks at the time of surgery. In some cases appear­
ance or advancement of PVR may contribute to the 
process of failure. 

Failure to Seal Breaks 

This failure may be because of: 

• Missed breaks 
• Unsealed breaks 

An assiduous per-operative search for breaks both 
in detached and flat retina must be carried out. In 
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clear media this is a simple task, but it is still 
difficult if there are residual opacities (e.g. IOL's and 
capsular opacities). The vitrectomised eye is un­
forgiving and missed breaks even in flat retina will 
cause redetachment much more readily than those 
in the unvitrectomised eye. Iatrogenic breaks made 
by the cutter during PPV will usually be obvious at 
the time of surgery, but breaks made at sclerotomy 
sites by the introduction of instruments are much 
less so. 

Unsealed Breaks (Fig. 15.4) 

Breaks may be unsealed due to: 

1. Failure to surround breaks with retinopexy at 
the time of surgery (breaks that are small may be 
difficult to find after fluid/air exchange) 

2. Retina may redetach from breaks deliberately 
not treated with retinopexy (e.g. macular holes) 

3. If buckles have been used for inferior breaks 
then they must be placed accurately and of 
adequate dimensions to achieve break closure 
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4. If buckles are not used then correct posturing 
of the patient is as necessary to seal supe­
rior breaks. Occasional failures occur if pa­
tients are unable to co-operate with posturing 
requirements. 

PVR 

The incidence of PVR with redetachment in the 
vitrectomised eye is not obviously higher than that 
after conventional retinal detachment surgery. PVR 
complicates rather than initiates failure. On rare 
occasions apparently complete flattening of the 
retina with sealing of breaks may be followed by 
the rapid onset of PVR which may then reopen 
previously sealed breaks. 

Clinical Presentation in Failed Cases 

All patients having PPV for RRD without PVR are 
treated with gas tamponade as part of their opera-

Fig. 15.4. Failed situations after PPV: 
a missed breaks in superior and previously 
detached retina; b break has been missed in 
inferior and previously flat retina. 
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tion. If breaks had been missed then retinal detach­
ment will usually appear a short time after the 
absorption of the gas bubble (i.e., present within a 
few weeks of surgery). Sometimes redetachment is 
delayed for a surprisingly long time (months). If 
redetachment does occur SRF accumulation is 
usually rapid, and the site of the missed break will 
conform to the usual rules of SRF spread as in the 
non-vitrectomised eye. 

The main symptom of retinal detachment in the 
vitrectomised eye is that of a rapidly spreading field 
defect and depression of vision if the macula 
becomes involved. 

Management 

A complete re-examination should be made to try to 
identify the unsealed break. 

Choice of Surgery 

1. Repeat PPV and gas tamponade. Pre-operatively 
it is often not possible to identify with certainty 
the site of the unsealed break (s) and therefore 
in most cases re-operation will consist of a 
further three port PPV approach with careful 
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further internal searching for the offending 
break. When found internal drainage of SRF 
with gas tamponade and retinopexy is carried 
out. If PVR has appeared near the break or if the 
break is in inferior retina then scleral buckling 
of the break should be performed. 

2. Pneumo-retinopexy. If it can be seen that failure 
has been caused by an unsealed break in supe­
rior retina, then this can be treated with a simple 
fluid/gas exchange under local anaesthetic. 1 ml 
of fluid is removed from the vitreous com­
partment and replaced with 1 ml of 100% SF6. 
This gas bubble will double in volume within 
48 hours and retinopexy may be applied either 
in the form of cryotherapy at the time of surgery 
if the break can easily be reached or, laser or 
cryo retinopexy applied a few days later after 
break closure has been achieved. 

3. Repeat PPV plus silicone oil. If extensive PVR 
has appeared then silicone oil will be necessary 
at re-operation (see Chapter 16). 

Results 

Anatomical success with one operation for RRD 
without PVR treated by PPV should be seen in 
about 85% of cases. 
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PPV - RRD with PVR 
• Indications 
• Removal of membranes 
• Heavy liquid 
• Giant breaks 
• Relieving retinotomy and retinectomy 
• Tamponade with gases/silicone oil 
• Failure 
• When not to operate 

The surgery of RRD complicated by PVR presents 
some of the most demanding challenges in oph­
thalmic surgery, not only in the complexity of the 
surgical moves, but also in the art of weighing the 
visual and anatomical expectations of surgery 
against the likely benefit to the individual patient. 
Successful surgery may restore useful field of vision 
but in advanced cases detailed central vision is 
rarely achieved. The indication for the use of con­
ventional scleral buckling to treat mild cases of PVR 
has been covered in Chap. 9. 

Rationale of PPV 

In addition to the advantages of vitrectomy dis­
cussed in Chap. 15 for cases of RRD without PVR, 

when PVR is present vitrectomy has some added 
advantages: 

• It provides access to the retinal surface to 
remove epiretinal membranes and thus aid break 
detection, break closure and enable relief of 
traction. 

• It removes cells and inflammatory material from 
the vitreous cavity 

• It provides space for long-acting tamponade 
agents. 

Vitrectomy is used when it is necessary: 

1. To remove epiretinal membrane in order to 
reveal and achieve closure of retinal breaks 

2. To remove epiretinal membrane in order to 
achieve retinal reattachment 

3. To treat RRD complicated by macular pucker. 

Surgery for PVR Cases: Initial Set-up 

The basic set up for PPV has already been described 
(Chap. 14), but there are additional features to be 
considered in these highly technical and demanding 
cases: 

• The use of binocular indirect viewing system 

• Pupil dilatation 
• Treatment of the lens. 
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The Use of Binocular Indirect Operating 
Microscope Viewing Systems 

The availability of binocular indirect operating 
microscope systems has greatly enhanced vitrec­
to my for PVR. Such systems provide a panoramic 
fundal view and facilitate the dissection of anterior 
traction systems. This is particularly helpful for 
epiretinal membrane dissection when membranes 
are pulled away from the retina. It is essential to see 
the effect of such traction not only in the vicinity of 
the instrument but also to observe the pull on the 
retina remote from the site of surgery. Using deep 
indentation and a light pipe, it is possible to 
perform an internal search for retinal breaks in the 
pre-equatorial retina. The lack of specular reflection 
from the microscope light, the great depth of focus 
and the wide-angle viewing all enhances the chance 
of break detection. 

Pupil Dilatation 

The pupil may be miosed pre-operatively. This is 
usually either from previous surgery of the lens­
iris diaphragm or from inflammation leading to 
posterior synechiae. Miosis may also occur per­
operatively because of hypotony or manipulation of 
the iris. In these instances, restoring intraocular 
pressure and the addition of adrenaline one part per 
million (1 ml of 1:1000 adrenaline into a litre of 
Lactated Ringer's) in the infusion fluid will result in 
pupil dilatation in about 10-15 minutes. In spite 
of these simple moves the pupil may remain 
profoundly miotic. 

Action: 

1. Flexible nylon sutures 
2. Sphincterotomies 

Where the iris is atonic or fibrotic and the freed 
pupil is still small then pupil-dilating sutures can 
provide an excellent view. Flexible nylon single-use 
sutures are easy to use. Normally, four sutures 
provide excellent visualisation. Alternatively, it is 
possible to take small nibbles of the iris sphincter 
with the vitreous cutter to assist pupil dilation but 
broad iridectomy or complete extirpation of the 
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sphincter should be avoided. A permanent dilated 
pupil would allow silicone oil into the anterior 
chamber and result in oil keratopathy. Manipulation 
of the iris usually results in marked flare and pro­
teinaceous exudation in the anterior chamber post­
operatively. Pupillary membranes, posterior and 
anterior synechiae or pupil capture can form. 

The Lens 

It may be difficult to decide whether or not to 
remove the crystalline lens. 
Advantages of removal: 

• Facilitates vitreous base dissection 
• Enhances the view in cases where there are lens 

opacities. 
• Most lenses eventually become cataractous 

whether silicone or gas is used. Primary cataract 
removal obviates the need for subsequent 
cataract surgery. 

Disadvantages: 

• Pupil block when silicone is used (and oil 
keratopathy) 

• Reduces the effectiveness of silicone oil as an 
internal tamponade 

• The chance is missed for performing more con­
trolled lens extraction at a later date, after the 
posterior segment has been stabilised. 

An important aspect of PVR surgery is the dissection 
of the vitreous base. This can be accomplished with 
deep indentation in phakic eyes. With experience, it 
is possible to use instruments up to the ora without 
lens touch. However, the dissection is made easier 
when the eye is aphakic or pseudophakic. If the lens 
is clear and PVR is not so advanced that extensive 
anterior dissection is going to be necessary, the lens 
is left. However, if the case is more advanced, the 
lens is already cataractous and if it is anticipated that 
extensive anterior dissection is going to be necessary 
then lens extraction is advised. 

Methods of Lens Removal 

For removal of clear l,enses, pars plana lensectomy 
. via one of the sclerotomies is convenient. If a lens 
is sclerotic or frankly cataractous then phaco-
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emulsification via a separate scleral tunnel is the 
method of choice. With both methods of lens re­
moval, it is probably necessary to remove all the 
capsule if silicone oil is to be used to enhance the 
chance of patency of the inferior iridectomy that will 
be made. 

In the pseudophakic eye, the posterior lens 
capsule in contact with silicone oil will become 
opaque. A wide capsulotomy should be performed. 

Removal of Epiretinal and Subretinal 
Membranes 

The management of the posterior segment is 
initially that of a routine vitrectomy, removing all 
the gel as far anteriorly as possible, i.e. up to the 
vitreous base. This is followed by the removal of 
epiretinal membrane and involves: 

• Choice of using forceps and picks 
• Obtain a starting edge 
• Start beside larger blood vessels 
• Work along valleys of fixed retinal folds 
• Peeling: how deep to dissect and how hard to 

pull? 
• The use of heavy liquid 

Forceps and picks. Epiretinal membranes are 
engaged by forceps and gently pulled off the surface 
of the retina. This is particularly appropriate for 
starfolds as the membrane is thickest and easiest to 
purchase with forceps at its centre (Fig. 16.1). Picks 
are used if the dissection is unusually difficult. Picks 
are sharpened spatulas (sometimes incorporating 

Fig. 16.1. A starfold is removed by grasping its centre. 
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endo-illumination) designed for lifting epiretinal 
membranes. A simple bent 23-gauge or MVR needle 
often serves the purpose equally well. Needles and 
picks are used to define a plane of separation 
between the epiretinal membrane and the retina. 

Sometimes when the membrane formation is less 
obvious a plane of cleavage has to be established. 
This plane is often not apparent as the retina is 
translucent and it is difficult to judge the thickness of 
membranes. A good place to start the dissection is 
over blood vessels or within the valley of retinal folds. 

Only experience teaches how hard to pull mem­
brane without producing retinal breaks. The direc­
tion of the peel should be away from the surface of 
the retina. Older membranes are less cellular, more 
fibrotic, and less adherent to the underlying retina 
and are much more readily removed than younger 
membranes which are more diaphanous, difficult to 
engage and more adherent. Attempting to remove 
recently formed membranes is more likely to 
produce retinal breaks. 

Dissection of anterior epiretinal membranes is 
difficult because of poor visualisation and access. 
The membranes are often an integral part of the 
vitreous base, which in normal circumstances can­
not be detached from the retina. Working in a radial 
direction, it is possible to relieve the pursestring 
effect of membrane contracture at the vitreous base. 
Again, the bi-manual technique of deep indentation 
will enhance access. 

Sub retinal strands and membranes are elastic and 
seldom cause sufficient traction on the retina to 
require removal. Rarely, subretinal membranes are 
judged to produce irreducible fixation of the retina 
and if so then a retinotomy is made in the vicinity of 
one of the membranes which can then be gently 
grasped and pulled out. 

The Use of Heavy Liquid for Peeling 
Epiretinal Membranes (ERM) 

The per-operative use of perfluorocarbon liquids 
has been found to be of great value in assisting the 
surgery of PVR. It is useful: 

• To open a tight funnel of detached retina 
• To stabilise the retina for epiretinal membrane 

peeling 
• To assess the relief of traction. 
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In the case of the closed funnel, it is difficult to get 
access to the depth of the funnel to peel ERM. By 
introducing a small bubble of heavy liquid, the 
surface energy of the perfluorocarbon will open the 
cone and reveal circumferential edges to be pur­
chased by a needle tip or a pair of forceps (Fig. 16.2). 
The dissection should be meticulous, working 
postero- anteriorly introducing incremental amounts 
of the heavy liquid. As the bubble of heavy liquid 
gets larger however, this surface energy decreases 
and its role in dissection of ERM is limited once the 
bubble exceeds about 1.5 ml (Fig. 16.3). 

Heavy liquid also stabilises mobile retina for ERM 
peel. The retina is 'flattened' such that it is easier to 
apply a perpendicular pull upon the ERM without 
the fear of digging into the retina. The dissection of 
anterior ERM is greatly facilitated by rendering the 
posterior retina immobile with heavy liquid. This 
allows traction to be placed upon the retina to 
enable the anterior membranes to be dissected 
(Fig. 16.3). 

The use of heavy liquid can also provide useful 
information on the extent of relief of anterior trac­
tion If the ERM removal has been effective, the 
retina will be re-apposed by the heavy liquid. If 
the retina remains elevated then there must still 

Heavy liquid in PVR 

• Stabilises reti na 
• Improves access 
• Relief of traction 
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Fig. 16.3. Heavy liquid aids the dissection of epiretinal membranes. 

be residual traction. Further dissection will be 
needed and possibly relieving retinotomy peformed. 

Per-operative Complications of Heavy 
Liquids 

Heavy liquid should be injected using a coaxial 
double cannula designed for the purpose. The heavy 
liquid passes into the eye through the central lumen 
and pre-retinal fluid escapes through the outer 
lumen, which has an opening near the tip of the can­
nula. Injection of heavy liquid using a single 20-gauge 
cannula raises the intraocular pressure and risks 
causing vitreous incarceration into a sclerotomy or 
the infusion cannula. 

Fig. 16.1a,b. The use of heavy liquid to open a tight 
funnel of detached retina to reveal ERM. 



Surgery for Giant Retinal Tear 

The fill of heavy liquid should not extend beyond 
the most posterior retinal breaks when there is still 
unrelieved traction. If so, the surface tension of the 
heavy liquids may be overcome by the rigidity of the 
retina and further filling can cause the heavy liquids 
to overflow into the subretinal space. Attempts 
should be made to avoid rigorous intraocular cur­
rents caused by the infusion as they will break up 
the heavy liquid to form small bubbles which may 
find their way into the subretinal space via the 
breaks. The infusion bottle should be low. The tip of 
the injection cannula should be inside the enlarging 
bubble of heavy liquid at all times otherwise small 
bubbles will form. 

Perfluorocarbon liquids should be removed com­
pletely at the end of operation with the flute needle 
to avoid potential retinal toxic effects. This is per­
formed as part of a fluid/air or fluid/oil exchange. 

Subretinal Heavy Liquid 

When heavy liquid is used in cases of giant retinal 
tears or relieving retinotomies, small bubbles can be 
washed into the subretinal space by intraocular cur­
rents. These bubbles either singly or as a collection 
of several small droplets can cause shallow elevation 
of the retina. The appearance resembles frogspawn 
under the retina. They tend to gravitate to the poste­
rior pole around the optic disc but can also be 
trapped at the edge of the retinal tear or retinectomy 
by an incoming silicone oil bubble. If left, a droplet 
of sub retinal heavy liquid can settle under the 
macula post-operatively and give rise to a cystic 
appearance with damaging consequences to the 
recovery of central visual acuity. 

Action 

This is a complication best prevented by avoiding 
overfilling. Sub retinal heavy liquid has to be removed 
either via a posterior retinotomy or it can be reached 
if a large peripheral retinotomy has been made. 

Surgery for Giant Retinal Tear 

It is appropriate to consider the surgery for giant 
retinal tears at this point as although PVR may not 
necessarily be present the surgery for these cases 
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often involves techniques that are used in PVR 
surgery. All cases should be treated urgently due to 
the rapid onset of PVR that, in addition to the usual 
changes of PVR, result in scrolling and fixing of the 
posterior flap of the giant break. 

The surgical sequence is: 

• Removal of the vitreous gel especially anterior to 
the retina tear 

• Unfold and stabilise the giant break which may 
require removal of any ERM to do so 

• Retinopexy 
• Injection of silicone oil 

Vitrectomy 

Most phakic giant retinal tears should be managed 
with a lens-sparing vitrectomy. After completing a 
posterior vitrectomy, deep indentation is used to 
trim the gel base. If a large amount of gel frill is left 
behind, it may prevent re-apposition of the retina to 
the underlying pigment epithelium. If the break is 
uncomplicated by PVR, then proceed to the injec­
tion of heavy liquid. The injection should start 
slowly at the posterior pole and the surface tension 
of the heavy liquid gradually unfolds and re-apposes 
the retina (Fig. 16.4). Even utilising the surface 
tension of the heavy liquid, it is not always possible 
to unfold a tightly scrolled large retinal tear and 
sometimes, it is necessary to gently stroke the retina 
to help it unfold. This can be done with the tip of 
the endo-illumination light probe although spe­
cially designed retinal 'brushes' or cannulae pro­
tected with portex tubing are available for this 
manipulation. 

Removal of Epiretinal Membranes 

If ERM are encountered these should be removed 
with forceps or picks. The direction of peel should 
be tangential to the retinal surface rather than per­
pendicular because pulling indirectly on the retina 
towards the centre of the vitreous cavity can result 
in the heavy liquid going into the sub retinal space. 
The retinal tear is unfolded as far as possible. In 
advanced PVR, rigid pleats cannot be unfolded 
easily even after assiduous removal of epiretinal 
membranes. In this situation, retinectomy should be 
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carried out sacrificing all rigid retina in order to get 
complete apposition of the posterior retina. A cir­
cumferential incision parallel to the ora made over 
the extent of the retinal tear is sufficient in some 
cases although more commonly there is also ante­
rior PVR involving the other clock hours and a 3600 

retinotomy is needed. In exceptionally severe cases 
small radial relieving retinotomies may be needed to 
achieve retinal re-apposition. 

Retinopexy 

Once the giant tear is totally re-apposed, further 
injection of heavy liquid can safely be made as there 
is now no risk of the liquid entering the sub retinal 
space. This will stabilise the whole retina in prep­
aration for silicone oil exchange. Prior to exchange 
it is necessary to apply endo-Iaser to achieve retino­
pexy. Photocoagulation is carried out along the 
posterior edge of the giant retinal tear. It is not 
necessary to treat the anterior frill of isolated retina. 
Special attention needs to be paid to the two ends of 
the tear by ensuring the laser photocoagulation is 
extended anteriorly to the ora serrata. This can 
usually only be achieved with deep indentation and 
in a phakic eye access may be difficult. It is accept­
able and expedient to use cryotherapy to ensure that 
the two 'horns' of the giant tear are properly treated. 
Although satellite breaks must be treated, it is 
uncertain whether or not the part of the retina unin­
volved with the giant tear needs to be treated as 
there is apparently very little risk of subsequent 
break formation occurring in the vitrectomised eye 
particularly when silicone oil is used. If it is to be 
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Fig. 16.4a,b. Heavy liquid is useful to unroll the 
posterior edge of a mobile giant break. 

done it is preferable to use laser retinopexy rather 
than cryotherapy. 

Silicone Oil Exchange 

Silicone oil is rarely used for RRD without a 
significant degree of PVR. Exceptions to this are 
cases which have a strong tendency to PVR forma­
tion (e.g. the giant break) or those in which the 
arrangements of the retinal breaks suggest that if 
gas tamponade was used there might be a risk of re­
detachment in patients who are seriously ill (e.g. the 
retinal detachments associated with CMV retinitis 
where breaks are multiple, difficult to find and 
widely scattered). Long-acting tamponade agent is 
needed for the treatment of giant retinal tear 
because its recognised propensity to develop PVR. 
Silicone oil is favoured over long-acting gas as it 
ensures prolonged tamponade. 

The heavy liquid/silicone oil exchange should be 
carried out using the wide optics of an indirect 
viewing system. Silicone is injected via the infusion 
cannula and the endo-illumination probe and a flute 
needle are inserted into the other two ports. As the 
bubble of silicone oil flows into the eye, any residual 
aqueous should be removed before evacuation of 
the heavy liquid. This is done by placing the flute 
needle in the periphery close to the edge of the giant 
tear. The bubble of heavy liquid has a dome-shaped 
upper surface and any aqueous will be located as a 
meniscus of fluid in the periphery. Care should be 
taken not to tilt the eyE: in order to get to the periph­
ery as the heavy liquid bubble will come to occupy 
the more dependent part of the eye, whilst the 
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aqueous is displaced in the opposite direction. 
Complete removal of the aqueous before evacuating 
the heavy liquid is necessary to guard against retinal 
slippage. Slippage occurs when a film of aqueous is 
displaced posteriorly allowing the retinal edge to be 
lifted and subsequently folded by the advancing 
surface of the silicone oil bubble. 

Buckling 

Giant breaks which extend into inferior retina 
should have a gentle buckle applied to the lower 
part of the break as this part may not receive 
adequate tamponade from the silicone oil bubble. 
Encirclement is not necessary. 

Post-Operative Management 

The patient should posture for 10 to 14 days in 
order to ensure retina is held apposed until such 
time as the retinopexy has had time to develop. The 
silicone oil can be removed after 2-3 months. Early 
removal of silicone oil does not guard against the 
development of cataract. In patients who already 
show significant signs of lens opacity, the removal 
of silicone oil can be combined with phaco­
emulsification and intraocular lens implantation. 
Cataract removal either at the time of silicone oil 
removal or at a subsequent stage should include a 
moderate to large posterior capsulotomy as the pos­
terior capsule tends to opacify in an eye which has 
had silicone oil. 

Prophylaxis 

There is a marked tendency for the second eye to be 
affected (this may be as high as 50% over a period of 
years) and therefore in cases of spontaneous and 
therefore non-traumatic breaks 3600 prophylactic 
retinopexy should be performed to the other eye. 
This can be done at the time of giant break sur­
gery, either with two or three rows of indirect laser 
photocoagulation or with gentle confluent cryo­
therapy to the pre-equatorial retina. If a diagnosis 
of Stickler syndrome has been established the 
role of prophylaxis to the second eye is more 
controversial. 
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Scleral Buckling in RRD and PVR 

The aims of scleral buckling are to: 

• Enhance the effect of internal tamponade agents 
• Assist in the closure of retinal breaks, particu­

larly those that are inferior and less likely to be 
closed by tamponade 

• Provide a broad-based support to the vitreous 
base in cases of anterior PVR. 

Scleral buckling can enhance the effect of internal 
tamponade agents. No tamponade agent be it gas or 
silicone oil can be expected to provide a complete 
internal tamponade of all retinal areas. The various 
reasons for this were discussed in Chap. 7, the main 
one being that it is difficult to achieve a total tam­
ponade of a near-spherical cavity. Scleral buckling 
mounts breaks on an indent to ensure closure of the 
breaks by the tamponade agent. If breaks are infe­
rior they should be supported on relatively high 
buckles, radial if single or circumferential if multi­
ple. More usually there will be associated anterior 
PVR and a broad buckle is used to support the vitre­
ous base combined with an encircling procedure to 
ensure permanence (a 40 band overlying a 287 or 
279 tyre is suitable). 

Relieving Retinotomies and 
Retinectomies 

Indications 

Relieving retinal incisions and retinectomy should 
be used after attempted removal of all epiretinal 
membranes when: 

• When the retina cannot be reattached due to 
residual traction 

• Irreversible shortening is present even when 
retinal membranes have been removed. 

If it is judged that the degree of PVR (particularly 
anterior PVR) is so severe that it is not possible to 
relieve traction upon the retina and to close retinal 
breaks with dissection and buckling or if after 
removal of ERM, retina is incapable of reattachment 
due to shortening, then further steps must be taken 
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to achieve reattachment. A retinotomy is usually a 
circumferential incision of the retina parallel to the 
ora serrata extending for a greater or lesser part 
of the 360 0 (Fig. 16.5). Isolated anterior retina 
is removed (retinectomy) to reduce the risk of 
hypotony caused by traction on the ciliary body 
from subsequent membranous proliferation of 
residual anterior retinal frill and of the risk of 
rubeosis due to ischaemia. The large areas of bare 
pigment epithelium do not appear to be deleterious. 

Surgical Sequence 

This involves: 

• Testing the relieve of traction with heavy liquid 
and deciding where to make the incision and to 
what extent 
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Fig. 16.5. After membrane peel retinotomy is per­
formed to relieve residual traction . Endo-Iaser photo­
coagulation seals the posterior edge of the break. 

• Removing the heavy liquids and applying 
endo-diathermy 

• Retinotomy and retinectomy 
• Further assessment of the relief of traction by 

re-introducing heavy liquid injection 

• Endo-laser 
• Inferior iridectomy 
• Fluid/air exchange 
• Injection of tamponade agent. 

Deciding Where and How Much 

If a retinotomy is to be performed it is done so after 
complete dissection of epiretinal membrane in the 
posterior retina. A partial fill with heavy liquid re­
apposes posterior retina to the pigment epithelium 



Relieving Retinotomies and Retinectomies 

and also gives some idea of the extent of anterior 
traction allowing an estimation of how extensive or 
posterior a retinotomy needs to be. For the majority 
of cases, the unrelieved traction is concentrated at 
the vitreous base where the basal gel and epiretinal 
membranes are most adherent to the underlying 
retina. The usual place for the retinotomy is, there­
fore, at the posterior border of the vitreous base. 
However, if anterior traction systems are extensive, 
then a more posterior incision needs to be made 
(particularly likely in re-operations) 

Circumferential Extent 

Smaller retinotomies have a tendency to fail due to 
re-proliferation at the ends of the relieving retinal 
incisions. Retinotomies should not be less than 1800 

unless the PVR is extremely localised (e.g. local pro­
liferation associated with a perforation site). 

Removal of the Heavy Liquid and 
Endo-Diathermy 

Having noted where the retinal incision is going to 
be made, the heavy liquid is removed. A row of 
diathermy is applied to prepare the retina for 
retinotomy. 

Retinotomy and Retinectomy 

Retinotomy can be made using intraocular scissors 
or using a vitrectomy probe. Cutting with scissors is 
more controlled, but cutting with the vitrectomy 
probe using low suction can also be precise and 
efficient. Note that the retinotomy is usually made 
after most if not all the heavy liquid has been pre­
viously removed. Otherwise, the heavy liquid approx­
imates the retina to the retinal pigment epithelium 
making it difficult to insinuate the blade of the 
scissors to cut the retina without the risk of touch­
ing and damaging the underlying retinal pigment 
epithelium and also of risking choroidal touch and 
haemorrhage. After retinotomy the isolated retina 
and attached vitreous gel are removed up to the ora 
serrata using deep indentation. 

Further Testing of Traction Relief by 
Re-injection of Heavy Liquid 
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After the retinotomy and retinectomy the heavy 
liquid is re-introduced. If the judgement on traction 
relief and siting of the retinotomy was correct, the 
retina should be totally re-apposed. If in spite of 
retinotomy the posterior retinal edge is still some­
what tense this tension is relieved by the use of radial 
incisions. This is done after heavy liquid has been 
partially removed and further membrane peeling 
and retinal incisions made until complete retinal re­
apposition with heavy liquid has been achieved. 

Endo-Laser 

Endo-laser is carried out to the cut edge of the 
retina. If a retinotomy is less than 3600 in extent, it is 
important to apply endo-laser to cover the pre­
equatorial retina in the uncut clock hours up to the 
ora serrata to seal the extremities. 

Fluid/Air Exchange 

A fluid/air exchange is then carried out. Care should 
be taken at this stage to avoid slippage. At the end of 
the exchange, the eye is air filled and inflated to a 
preset pressure. It is worthwhile waiting 5 minutes 
and fluting the last drop of fluid from the eye before 
injecting silicone oil. This duration of time is 
needed for the air to compress and completely 
displace any aqueous from any residual gel in the 
vitreous base. This manoeuvre allows a maximum 
silicone oil fill which will be achieved by infusing sil­
icone oil either via the infusion cannula (if 1000 cs 
oil is used) or via a short cannula through one of the 
upper two sclerotomies (if 5000 cs oil is used). 

Alternatively, a direct heavy liquid/silicone oil 
exchange can be carried out. By virtue of their 
surface energies silicone oil preferentially forms an 
interface with heavy liquid. Paradoxically, any resid­
ual vitreous fluid (aqueous) will be located above 
the incoming silicone oil bubble even though sili­
cone has a lower specific gravity than aqueous. 
Posterior displacement of aqueous does not occur 
so readily and slippage is less likely to occur. When 
large retinotomies are used scleral buckles are 
unnecessary. 
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Avoiding slippage 

• Wide-angle optics are essential for this 
stage of the procedure 

• Keep the eye in the primary position 
• The vitreous cavity should be filled as fu ll 

as possible with heavy liquids 
• When the air or silicone oil is infused the 

flute needle shou ld be directed at the 
interface of the heavy liquid anteriorly and 
peripherally to aspirate any residual 
aqueous 

• Rotating the eye to visualise this interface 
will cause the aqueous to flow away from 
view as the heavy liqu ids gravitates to 
occupy the more dependent part of the 
vitreous cavity 

• Elimination of any residual aqueous from 
the vitreous cavity will avoid slippage 

• Elimination of any residual aqueo us from 
the vitreous cavity will avoid slippage 

Complications of Retinotomy 

Per-operative 

Subretinal Heavy Liquid 

If a retinotomy is fashioned too anteriorly and there 
is unrelieved traction posterior to the cut edge, 
heavy liquid will enter the subretinal space. 

Action 

When this complication happens, all the heavy 
liquid needs to be removed and further dissection 
should be undertaken to relieve posterior traction. 
This complication should be prevented by proper 
testing of the extent of traction relief with heavy 
liquid before making the retinotomy. 

Haemorrhage 

If bleeding is encountered during retinotomy, the 
infusion pressure should be raised and further 
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diathermy applied. The fundal view can be lost 
quickly if the bleeding is profuse. Haemorrhage 
from the retinal edge collects both in the pre-retinal 
and the subretinal compartments and unless eva­
cuated quickly will clot, making subsequent removal 
more difficult. Any residual blood clots on the sur­
face of the retina or the retinal pigment epithelium 
will form scaffolding for subsequent proliferation 
and membrane formation. Choroidal haemorrhage 
may occur if scissors scrape pigment epithelium. 

Action 

Raise the bottle, cease further retinotomy and apply 
further en do-diathermy. An aspirating diathermy 
probe is useful for the purpose as it provides the 
facility to aspirate, back flush and diathermize in a 
single 20-gauge instrument. 

Post-operative 

In addition to the complications of vitrectomy, of 
gas or oil tamponade, there are complications 
specific to retinotomy and retinectomy and these 
are: 

• Re-detachment 
• Post-operative hypotony 
• Blockage of inferior iridectomy. 

If re-detachment following retinotomy occurs, it 
may be due to elevation of the cut edge, or from a 
posterior retinal break. The detachment is often 
shallow but readily detected by biomicroscopy. 
Posterior retinal breaks can be dealt with by oil 
removal and further membrane peel and endo-laser. 
If the offending break is from the edge of the retinec­
to my, and the edge is noted to be thickened and 
fibrotic, then further retinotomies need to be fash­
ioned. Such incisions are made circumferentially and 
parallel to the original retinotomy edge. If in spite of 
re-detachment the PVR process responsible for the 
detachment is only localised, at the time of re-opera­
tion silicone oil may be removed and replaced, this 
time with gas tamponade and further retinopexy. 
This will obviate silicone oil removal at a later date. 

A low intraocular pressure is the usual sequel to 
retinectomy. This may be due to increased uveo­
scleral outflow of aqueous. Proliferation around 
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the anterior frill of retina and vitreous base may 
interfere with aqueous production of the ciliary 
processes. 

Rationale of Long-Acting Tamponade 

After retinal traction has been relieved the object of 
long-acting tamponade (weeks or months) is to 
maintain break closure and retinal reattach­
ment and thus abolish the stimulus for ERM 
production. 

Choice of Long-Acting Internal 
Tamponade Agents 

The choice between long-acting gas (e.g. C3F8) and 
oil is dictated by the surgeon's individual experi­
ence. The following points need to be considered: 

• Theoretically gas provides a better arc of contact 
than oil for a given fill 

• Gas top-up may be necessary 
• The use of silicone oil leads to early visual reha­

bilitation and this is much appreciated in 
patients who may already have had several 
procedures 

• Oil has to be removed whenever possible at a 
later date 

• Long-term complications of silicone oil are prob-
ably greater than those of gas 

Theoretically, gas gives a larger arc of retinal contact 
than silicone oil for the same volume of fill. If gas is 
used, then post-operative 'top-up' injections are 
necessary to ensure an adequate volume of tam­
ponade for a sufficiently long period. The action of 
silicone oil is permanent while it is in the eye but it 
is difficult to ensure a good fill. 

The refractive index of oil is closer to that of 
ocular media than gas and therefore gives rise to 
early visual rehabilitation. In the phakic or pseudo­
phakic eye the refraction shifts markedly in 
the hypermetropic direction (usually about 5 or 
6 dioptres). Spectacle correction of this error is 
usually unsatisfactory due to anisometropia and 
contact lens wear is seldom satisfactory. Ideally, 
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silicone oil should be removed in all cases with the 
object of improving vision (by removing the refrac­
tive error and sometimes annoying variations of 
vision from which these patients suffer) and also to 
avoid complications from its long-term use (par­
ticularly glaucoma). However, if the patient is 
exhausted by multiple procedures and there is rea­
sonable vision in the other eye, then the long reten­
tion of silicone may be preferable. The removal of 
silicone oil will not always result in significant visual 
improvement but is sometimes disastrously com­
plicated by re-detachment of the retina. No attempt 
at removal of silicone should be made if there are 
observed to be unresolved or recurrent tractional 
retinal systems. 

The timing of silicone oil removal is arbitrary. 
Early removal, say within 6 weeks, cannot be relied 
on to prevent progression of cataract formation. 
However, the incidence of glaucoma increases, the 
longer the oil is left in situ. Once glaucoma has 
developed, removal of oil does not render the eye 
normotensive but facilitates the management of a 
raised pressure. 

Prolonged silicone oil tamponade may be associ­
ated with peri-oil fibrosis and macular pucker. A 
reasonable compromise between the need for pro­
longed tamponade and inactivation of the PVR 
process and the wish to avoid long-term com­
plications is to remove silicone oil 3-6 months 
after surgery. This can be combined with phaco­
emulsification of any cataract that has formed 
and also further dissection of simple epiretinal 
membranes (e.g. causing macular pucker). 

Re-detachment 

Re-detachment of the retina occurs as a result of 
missed or unclosed breaks and recurrent PVR (Fig. 
16.6). It is rare for new breaks to form. In a silicone­
filled eye the re-detachment is almost invariably 
inferior but in spite of the presence of the silicone 
oil bubble the contour is usually convex towards the 
vitreous cavity. This indicates the presence of an 
open retinal break. Less frequently, a traction-like 
detachment with a border that is concave towards the 
vitreous cavity will appear. This is not associated with 
an open retinal break and is not usually progressive. 

At re-operation, simple surgery with scleral buck­
ling to close a retinal break is not usually adequate. 
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A further retinotomy and retinectomy is usually 
required to remove recurrent PVR. 

In the eye that already contains silicone oil there 
is usually no urgency for re-operation and this will 
allow time for the patient to recover before the 
rigours of further surgery. 

Wiu further urgery be of benefit to your 
patient? 

When Not to Operate 

Surgical enthusiasm must be tempered by good 
judgement in deciding on when and when not to 
advise surgery for advanced PVR. The age of the 
patient, the state of the other eye, the general health 
and the visual needs and demands of the individual 
patient together with the economics of prolonged 
repeated surgery are all factors that have to be con­
sidered when deciding to pursue a complex surgical 
option. The likely long-term benefits must be care­
fully assessed and will vary from one patient to 
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Fig. 16.6. a Local and encircling buckle and PPV has failed to seal 
a break and extensive inferior PVR has developed; b a retinotomy 
has been performed to deal with extensive inferior PVR. However, 
one edge of the retinotomy has reopened due to reproliferation of 
epiretinal membrane and localised redetachment has occurred. 
The retinotomy should have been bigger. 

another. A series of operations on a relatively young 
patient to restore at least some vision may be 
acceptable (unless the patient is severely ill, e.g. in 
CMV retinitis) but will rarely be so in an elderly 
patient (say over the age of 80) in whom there is 
normal vision in the healthy other eye. 

Some patients, very reluctant to let an eye go 
blind, will be enthusiastic for more surgery while 
others will be adamant in declining further pro­
cedures. However, the majority of patients will 
be dependent on the surgeon to advise them on 
whether or not further surgery should be per­
formed. In these compll~x cases the decision is made 
jointly with the patient after a full explanation of the 
risks and expectations. This explanation is not easy 
as the surgical outcome is often unpredictable, both 
anatomically and visually. Also, there is uncertainty 
about the patients reaction to any improvement. 
Thus a small increase in vision may be greeted with 
enthusiasm by some (for example increase in field 
may help driving a motor car) while others are less 
happy, even complaining that the blurred vision 
in the operated eye has become more obvious 
than pre-operatively and interferes with the other 
eye. 

In general, successful surgery will improve field 
of vision, but central vision is likely to remain 
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poor although any pre-operative metamorphopsia 
may be improved. Patient and surgeon have 
to consider whether these potential gains are 
worthwhile. 
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Results 

Even in advanced cases anatomical reattachment 
can be achieved in approximately 75% of cases. 



Pars Plana Vitrectomy: Post-operative 
Management and Complications 

PPV - Postoperative Management 
• Advice 
• Posture 
• Complications 

- Anterior segment 
- Posterior segment 

• Complications of silicone oil 

PPV Using Gas 

The degree of post-operative disturbance of the eye 
will reflect the complexity of the procedure. Eyes 
that have been treated without scleral buckling will 
be remarkably quiet. The patient will experience 
little more than discomfort. This discomfort will be 
much increased if extensive buckling procedures 
have been performed, particularly in eyes that have 
had previous surgery. 

General Advice 

Those patients who had good vision prior to surgery 
should be warned that gas within the vitreous cavity 
severely limits vision. This warning will avoid alarm 
in the immediate post-operative period and patients 
are warned that vision will not start to improve until 
the lower meniscus of the gas bubble has reached 

the midline allowing macular VISIOn. This will 
usually take 1-2 weeks from the time of surgery. 
After this time vision should rapidly improve if the 
retina is securely reattached. The gas bubble is per­
ceived as a mobile black shadow and a warning 
should be given that it may break up into one or 
more bubbles as its size diminishes. If this is to 
happen it usually does so a day or two before 
complete absorption. 

Posture 

Posturing in the post-operative period is extremely 
important with the twin objectives of achieving 
break tamponade and also avoiding contact of the 
gas bubble with the posterior lens capsule in the 
phakic eye to prevent cataract. Posture commences 
as soon as possible after surgery (the same day) and 
is arranged so that the break is in the superior posi­
tion. This position must be achieved for as much of 
the day as possible and the sleeping position must 
also be adapted to achieve this effect. If breaks are 
separated by a wide arc of retina (about 140°) then 
post-operative tamponade may not be relied upon 
to close both sets of breaks. In these cases it is prob­
ably wiser to have buckled the smaller of the breaks 
and to concentrate the head position to tamponade 
the more complex break. Although the bubble 
remains in the eye for a variable length of time 
10 days appears to be completely adequate for adhe­
sion and sealing of a break in an eye uncomplicated 
by significant PVR. 
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Post-operative Activity 

During this time much activity is not usually poss­
ible and flying is contraindicated because of bubble 
expansion during the unpressurised phase of air­
craft ascent (causing pain, glaucoma, and central 
retinal artery occlusion) and hypotony on descent 
(risking intraocular haemorrhage). After absorption 
of the gas bubble the management of patients is 
exactly the same as that following conventional 
retinal detachment surgery. 

Complications 

PPV risks the same complications as those follow­
ing conventional retinal detachment procedures 
but if the PPV procedure has not involved the 
use of scleral buckles then it has the outstanding 
advantage that all post-operative complications 
of buckles are avoided (diplopia, enophthalmos, 
explant infection, or anterior segment ischaemia). 

Specific post-operative anterior segment com­
plications of gas tamponade procedures are: 

• Early feather-like subcapsular lens opacities are 
often seen in the phakic eye on the first day or two 
after surgery (Fig. 17.1). This change is reversible 
by correct posturing to prevent gas bubble contact 
with the posterior lens capsule (if more than one 
third of the posterior lens capsule is in contact 
with the bubble then these opacities will appear). 

• Glaucoma. Transient open angle glaucoma is 
quite common. Medical treatment in the form of 

Fig. 17.1. Feathery gas lens opacities seen in the immediate post-operative 
period. 
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local timolol or systemic acetazolamide is all that 
is necessary to control pressure which may 
persist for a week or two following surgery. 

• In pseudophakic eyes the intraocular lens may be 
found to have become partially dislocated or 
pupil capture may have occurred. These changes 
are usually caused by forward movement of the 
lens-iris diaphragm associated with gas in the 
posterior segment. It is uncommon for any 
specific surgical treatment to be necessary but if 
severely displaced the intraocular lens may need 
re-positioning. 

• Late lens opacity. Progressive nuclear sclerosis is 
the most important late complication of PPV in 
the phakic eye (see Chap. 14). These lens opaci­
ties cause increasing lenticular myopia about 
which the patient must be warned as initial excel­
lent vision is progressively reduced as the lens 
opacity develops. Nuclear sclerosis is almost 
inevitable in patients over the age of SO but may 
not develop in younger patients. Extracapsular 
lens extraction with intraocular lens implanta­
tion is carried out when visual disturbance is 
marked and this can be done with no fear of re­
detachment of the retina. The occurrence of 
these lens opacities is the reason why it is right to 
try to reattach the retina with conventional exter­
nal buckling techniques if this is possible even 
though on some occasions conventional buckling 
may be technically more difficult and time­
consuming than simple PPV. 

Posterior Segment 

Re-detachment of the retina is by far the most 
important 'complication' (see Chap. 15). 

PPV Using Silicone Oil: Post-Operative 
Management and Complications 

Posture 

The objective of silicone oil tamponade is to achieve 
as total a fill as possible. Practically, this is never 
achieved (see Chap. 8). Post-operatively, residual 
vitreous will be compressed by the oil creating 
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under-fill. If no explants were used and the silicone 
oil is expected to tamponade the inferior fundus 
(e.g. a giant retinal tear extending below the hori­
zontal or a 3600 retinectomy), patients need to 
posture appropriately (on their sides or head down) 
for the usual 7-10 days in order to increase the 
effectiveness of the tamponade. If all inferior breaks 
are mounted on explants, there is no need to 
posture. 

Complications 

The complications associated with PPV and silicone 
oil are: 

• Raised intraocular pressure 
• Refractive change 
• Cataract formation 
• Emulsification of oil 
• Silicone oil keratopathy 
• Peri-oil fibrosis 
• Re-detachment of the retina 

Other complications are those related to retinal 
detachment, either as a result of failure of the sur­
gical operation to reattach the retina or following 
silicone oil removal. 

Raised Intraocular Pressure in the 
Early Post-operative Period 

• Aphakic eyes 
• Phakic and pseudophakic eyes. 

In the aphakic eye, raised intraocular pressure can 
occur in the early post-operative period as a result 
of pupil block glaucoma. It is not unusual for the 
intraocular pressure to rise above 50 mmHg. The 
eye becomes painful although corneal oedema may 
be absent. Pupil block glaucoma can be prevented 
by the use of an inferior peripheral iridectomy. 
Silicone oil has a lower specific gravity than that of 
aqueous (0.97), and tends to occupy the upper part 
of the vitreous cavity; thus to allow communication 
between the anterior and posterior chambers the 
peripheral iridectomy needs to be in the six o'clock 
position. Blockage of the peripheral iridectomy by 
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Fig. 17.2. An inferior iridectomy is present but silicone oil is filling the anterior 
chamber. 

inflammatory debris and organised tissue, may be 
exacerbated by the retention of capsular remnants. 
Adequate control of uveitis is therefore important 
and this involves pre-operative treatment with sys­
temic non-steroidal anti-inflammatory agents, sub­
conjunctival steroid at the end of surgery and 
intensive post-operative topical steroid. Patients are 
instructed to posture with their heads tilted forward 
which will allow aqueous to flow from the posterior 
segment into the anterior chamber. This is par­
ticularly important if the anterior chamber becomes 
partially filled with silicone during oil injection at 
surgery. With posture, the smaller bubble of silicone 
oil in the anterior chamber will move into the large 
one in the vitreous cavity (this occurs naturally in 
order to achieve a lower surface energy) provided a 
patent channel is available for aqueous to move in 
the other direction to reform the anterior chamber 
(Fig. 17.2). 

Pupil block can be recognised by the presence of 
oil in the anterior chamber. The signs include: 

• A widely dilated pupil 
• An exudative membrane over the iridectomy 
• Lack of an oil/aqueous interface in the pupillary 

plane 

Prevention of pupil blockage 

• By performing a peripheral iridectomy. 
• By early post-operative posturing. 
• By adequate suppression of inflammation 
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• Absence of flare in the anterior chamber because 
the anterior chamber is filled with oil 

• Reflections of the oil in the iris crypts 

In the phakic or pseudophakic eye, early raised 
intraocular pressure can arise from true overfill. The 
physical signs are: 

1. Herniation of oil between the pupil and lens 
2. Shallowing of the anterior chamber. 

This can best be treated by prevention: 

• Do not leave the eye at a high intraocular pres­
sure at the end of the operation 

• Do not close sclerotomies before buckles are 
secured after oil injection. This is particularly the 
case when encircling elements are used as they 
can stretch and store up tension. 

In an eye without silicone oil high pressure leads to 
an increase in aqueous outflow which lowers and 
normalises the intraocular pressure. However, in an 
eye filled with oil, the only aqueous available is that 
in the anterior chamber and high intraocular pres­
sure will lead to shallowing of the anterior chamber. 
If the eye was left hard at the end of surgery, there 
may not be sufficient aqueous to flow out of the 
eye to normalise the intraocular pressure post­
ope~atively. Similarly, the tension stored by a tight 
enclfclement has the effect of increasing intraocular 
pressure post-operatively which mayor may not be 
compensated for by aqueous outflow. 

A. tr~e overfill can sometimes be managed by 
aspIratIOn of some of the silicone oil via the pars 
plana. Where the oil is herniating between the 
pupil and the lens, this film of oil is trapped. Simple 
aspiration of the oil from the posterior segment will 
not relieve this pupil block, which will only be 
achieved by complete removal of oil from the eye. 
In the aphakic eye, overfill may be relieved by 
paracentesis. 

Silicone-filled eyes need regular follow-up 
indefinitely 
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Raised Intraocular Pressure in the 
Late Post-operative Period 

Causes include: 

• Emulsification of silicone 
• Pre-existing glaucoma 
• Steroid-induced glaucoma 

• Uveitis. 

On gonioscopy the angle is seen to be opened and 
small droplets may be seen superiorly. 

Most patients following vitrectomy are treated 
with several weeks of topical steroid. Steroid­
induced glaucoma is a diagnosis of exclusion. 

Pre-existing glaucoma may be a cause of rise of 
intraocular pressure following reattachment of a 
detached retina. Raised intraocular pressure may 
not be obvious pre-operatively due to the increase 
uveo-scleral outflow afforded by the retinal detach­
ment. Reattachment surgery reduces this outflow 
facility and restores the eye to its pre-operative 
status. 

Uveitis associated with complex vitrectomy may 
cause secondary glaucoma. Vitrectomy causes a 
breakdown of the blood ocular barrier and the sur­
gical trauma induced by manipulation of the iris or 
incision of the retina further promotes an inflam­
matory response, a response that is enhanced if 
there has been intraocular haemorrhage. Anti­
inflammatory treatment should be directed at the 
exudative as well as the cellular response to the 
surgery. Chronic uveitis should be distinguished by 
emulsification of silicone oil. Fine droplets of sili­
cone oil can mimic cells in the anterior chamber. 

Management 

Mild glaucoma can be managed with topical medical 
treatment. Persistently high intraocular pressure is a 
most serious complication. Nothing is more dis­
appointing to perform one or more vitreo-retinal 
procedures on a patient resulting in reattachment to 
have the benefits of surgery removed by sight loss 
from glaucoma. The treatment of silicone oil glau­
coma usually requires silicone oil removal com­
bined with post-operative medical treatment. 
Removal of the silicone oil alone does not usually 
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solve the glaucoma and conventional drainage 
surgery such trabeculectomy has little part to play. 
Persistently high intraocular pressure may require 
more aggressive treatment such as Molteno tube 
drainage and sometimes cydo-ablation (the most 
popular method at the moment is cydodiode laser 
treatment). These procedures are not without risk 
(drainage surgery may be complicated by supra­
choroidal haemorrhage), inadequate treatment 
gives rise to recurrence of glaucoma and excessive 
treatment can lead to hypotony and phthisis. Retinal 
surgeons are well advised to request advice from 
their glaucoma colleagues early in the management 
of raised intraocular pressure rather then delay such 
advice until virtually all sight has been lost! 

Cataract 

All patients undergoing vitrectomy with silicone oil 
tamponade should be warned of this occurrence 
before surgery. These cataracts tend to come on 
within the first year after surgery leading to pro­
gressive diminution of central vision, a change that 
is often accompanied by increasing lenticular 
myopia. In the late stages, dense cataract can pro­
gress quickly to hypermaturity with swelling of the 
lens and shallowing of the anterior chamber. The 
lens may not become cataractous in young patients. 

Treatment 

There is controversy as to the best means of treating 
silicone oil cataract. 

The options indude: 

• Cataract extraction alone, leaving the oil in situ 
• Cataract extraction combined with oil removal 
• Cataract extraction, oil removal and insertion of 

intraocular lens 

The method of choice is phacoemulsification, which 
has superseded the earlier methods of intracapsular 
and standard extracapsular extractions. Extraction 
may be combined with silicone oil removal and 
insertion of intraocular lens provided it is judged 
that the posterior segment is stable (this is much 
more likely to be confidently predicted when sili­
cone has been used for posterior proliferative con-
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ditions such as in diabetes, rather than for anterior 
PVR). An anterior chamber infusion is used (obviat­
ing the need for pars plana perforation) and a per­
operative caps ulotomy provides access to the 
posterior segment for oil removal. Posterior 
chamber intraocular lens implants can be inserted 
in the capsular bag or in the sulcus supported by the 
anterior capsule. If an intraocular lens implant is 
used, care should be exercised to avoid contact of 
the intraocular lens with the silicone oil. Intraocular 
lenses made of polymethylmethacrylate, hydrogel or 
silicone material all have an affinity for silicone and 
oil droplets can become permanently adherent to 
the lens surface. 

In general, when the retinal problem has been 
very complex (e.g. the management of extensive 
PVR) then the intraocular lens option is unlikely to 
be useful, particularly if there is reasonable vision in 
the other eye. Lens implantation should not be used 
if there is residual instablility of the posterior 
segment in the form of residual detachment or 
obvious recurrence of epiretinal membranes as the 
presence of an intraocular lens will only complicate 
the management of subsequent posterior segment 
surgery. If an intraocular lens is not used and sil­
icone oil is left in situ as a permanent tamponade, 
then an inferior iridectomy to avoid pupil block 
should be made .. 

The precise timing of cataract surgery should be 
considered in relation to the desired duration of sil­
icone oil tamponade. If the silicone oil is intended to 
stay in an eye for 6 months or more then a com­
bined cataract and oil removal procedure is both 
economical and reasonable. 

If silicone oil has already been removed from an 
eye and the retina has remained attached then the 
subsequent cataract formation can be managed in 
the usual way. 

Emulsification of Silicone Oil 

Emulsification is an invariable complication of the 
use of silicone oil. It is important to appreciate that 
emulsification can be subclinical. The dimension of 
emulsified droplets can be smaller than the wave­
length oflight and cannot be discerned by slit-lamp 
biomicroscopy. Larger droplets are seen as 'cells' in 
the anterior chamber and can be mistaken for iritis. 
Progressive accumulation of these droplets in the 



158 

Fig. 17.3. Emulsification of silicone oil in the anterior chamber. 

upper part of the anterior chamber can form a fluid 
level and is sometimes refer to as an inverse 
hypopyon (Fig. 17.3). The occurrence is rare with 
highly purified high viscosity (5000 cs upwards) 
silicone oil. 

The lower the viscosity of silicone oil the greater 
is the likelihood of emulsification. The viscosity is 
determined by the molecular weight of the siloxane 
molecules. Highly purified oils have a more 
homogenous component of a single molecular 
weight. More importantly it should have less of the 
lower molecular weight siloxane and a lower ten­
dency to emulsify. If the plan is to use silicone oil 
for prolonged internal tamponade, then 5000 cS 
highly purified silicone oil is preferred. 

Droplets in the anterior chamber can obscure 
vision and fundal view, especially when the patient 
is supine. Progressive accumulation of emulsified 
droplets can only be effectively treated by removal 
of silicone oil from the vitreous cavity combined 
with a paracentesis and a washout of the anterior 
chamber. At the time of removal of the oil bubble 
from the vitreous cavity emulsified droplets can be 
adherent to the surface of the ciliary processes, 
retina and iris. One or more washout procedures 
may be needed to clear the eye of these droplets. 

Oil Keratopathy 

Keratopathy occurs when the anterior chamber is 
filled with silicone oil. The early appearance is 
that of horizontal band of opacity within the cornea 
(Fig. 17.4). Late keratopathy shows ectopic cal-
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Fig. 17.4. Band-shaped keratopathy associated with silicone oil. 

cification in the degenerative cornea. Eventually, 
peripheral corneal neovascularisation and complete 
corneal opacification occur. 

Prevention 

Although it may be necessary in some cases to 
remove the crystalline lens to deal with PVR pre­
serving the lens when possible greatly reduces the 
risk of silicone oil keratopathy. 

Treatment 

Photokeratectomy (with excimer laser) can be very 
effective in achieving symptomatic relief when 
calcific plaques ulcerate causing pain and inflam­
mation. If the eye still has visual potential the 
silicone oil should be removed if possible; how­
ever, this will sometimes result in decompensa­
tion of the cornea and corneal grafting may be 
necessary. 

Signs of A.C. oil 

• High reflexes from iris crypts 
• Dilated pupils 
• Absence of Bare 



Detachment of the Retina 

Peri-oil Fibrosis 

Proliferation of membrane may continue in cases of 
aggressive PVR and these membranes may form at 
the pre-retinal surface behind the silicone oil. The 
space between the oil and the retina (mainly the 
inferior retina where there is no contact between oil 
and retinal surface) consists of aqueous which con­
tains water soluble factors active in promoting the 
PVR process. These membranes, often widely 
infiltrated with emulsified oil, are of a thick 
porridge-like consistency and quite adherent to the 
retina. 

Detachment of The Retina 

Detachment of the retina may occur either when sil­
icone oil is still within the eye or as a complication 
following its removal. The re-detachment of the 
retina subsequent to PPV and the injection of sil­
icone. oil is usually due to a combination of open 
breaks and residual and unrelieved tangential trac­
tion upon them, with or without progression of 
tractional systems elsewhere on the retina. The pres-

159 

ence of silicone oil within the eye usually confines 
re-detachment to the inferior retina. Sometimes 
breaks are sealed and tractional retinal detachment 
alone is present. In either situation simple removal 
of silicone oil will invariably result in more extens­
ive retinal re-detachment. Although surgery involv­
ing buckling and membrane peeling may be enough 
to achieve retinal reattachment, it is more likely that 
retinotomy and retinectomy will be required. 
Silicone oil should be retained in the eye until its 
removal is deemed safe. 

In spite of apparently securely reattached retina 
with no sign of recurrence of peri-retinal membrane 
or of open breaks, removal of silicone oil will some­
time result in recurrence of retinal detachment. This 
re-detachment usually occurs within a week or two 
of the removal of silicone and is a very disappoint­
ing event for both patient and surgeon. It is usually 
caused by the reopening of retinal breaks by 
unrecognised traction upon them from peri-retinal 
membranes or from breaks inadequately treated 
with retinopexy. This occurrence is best prevented 
by ensuring adequate relief of traction at the time of 
initial surgery. If re-detachment does occur, re­
operation will be necessary. This will usually involve 
replacement of silicone combined with relief of the 
tractional systems and sealing of the retinal breaks. 



Pars Plana Vitrectomy for Proliferative 
Diabetic Retinopathy 

PPV for Prol iferative Diabetic Retinopathy 
• Pathology 
• Assessment 
• Surgical objectives 
• Indications for surgery 
• Surgical technique 
• Complications 

- per-op 
- post-op 

Vitrectomy for Diabetic Retinopathy 

A patient needing vitreo-retinal surgery does so as a 
complication of the proliferative process (PDR). 
This results from either failure to detect prolifera­
tive retinopathy in time for laser photocoagulation 
to be effective (if there is no ophthalmic screening 
service in position all those in charge of diabetics 
must be adequately skilled in ophthalmoscopy, e.g. 
general practitioners and diabetologists) or failure 
of photocoagulation to control the process. The 
latter failure may be due either to non-eo-operation, 
or to inadequate photocoagulation. It is rare for an 
eye that has been adequately treated with full photo­
coagulation to come to vitreo-retinal surgery. The 
majority of patients developing proliferative dia­
betic retinopathy are insulin dependent and will 
have had diabetes for many years. The appearance 

of PDR and other serious diabetic complications 
such as renal failure is less frequent in those who 
have had good diabetic control (as measured by 
blood sugar levels) than those whose control has 
been poor. 

Surgical Pathology of PDR 

Pathogenesis 

• Capillary non-perfusion 
• New vessel formation 
• Vitreous detachment 
• Haemorrhage, retro-hyaloid and intra-gel 
• Fibrous proliferation 
• Tractional retinal detachment (TRD: also 

tractional schisis) 

• Rhegmatogenous 
detachment. 

and traction retinal 

The basic change in the retinal circulation is that of 
capillary non-perfusion with resultant retinal 
ischaemia. Locally elaborated growth factors lead 
to new vessel formation. This new vessel formation 
is usually confined to the retinal circulation (pro­
liferative retinopathy) but sometimes the anterior 
segment is affected (rubeosis iridis). New vessels 
usually arise from arterio-venous crossings. This 
new vessel formation is mainly situated in the 
vessels at the posterior pole, either at the disc itself 
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or from the vessels of the major arcades. New 
vessels may occur as peripheral at the equatorial 
retina. The vessels grow initially within the plane of 
the retina and eventually grow forward from it into 
the vitreous cortex. PDR encourages posterior vitre­
ous detachment. When vitreous traction is exerted 
upon them by the detaching posterior hyaloid the 
new vessels may bleed producing vitreous haemor­
rhage. Infiltration by fibrotic tissue results in the 
conversion of a purely vascular complex to a 
fibrovascular one (retinitis proliferans). This system 
contracts and results in traction at its points of 
attachment to the retina (Fig. 18.1). 

The progression of PDR is related to the attach­
ments of the vitreous gel. Unusually, if there is a 
complete posterior vitreous detachment the poste­
rior segment can be spared from neovascularisation 
while rubeosis iridis develops in the anterior seg­
ment. If new vessels develop behind a detached gel 
they tend to do so either as small innocuous 
fibrovascular clumps or as flat disc vessels. Thus, the 
vitreous gel provides a collagen scaffolding upon 
which new vessels may proliferate. If haemorrhages 
occur they may be intra-gel or retro-hyaloid. If 
retro-hyaloid the blood collections in a partially 
detached gel may have a fluid level and take on a 
semi-lunar shape. 

Effect of Static Traction Upon the Retina 

In addition to vitreous haemorrhage, contraction of 
the posterior hyaloid causing static traction upon 
the retina can result in a variety of clinical appear­
ances; these are: 

• Avulsed loops of blood vessels 
• Intraretinal separation: traction retinoschisis 
• Retinal detachment: TRD 
• Retinal holes: combined TRD and RRD. 

Avulsed loops of blood vessels (usually retinal 
veins) are common and may be confused with new 
blood vessel, and care is needed when excising 
membranes during vitrectomy as these loops may 
be divided by mistake. Static traction can produce 
intraretinal separation (traction retinoschisis). 
Diaphanous areas within the schisis are sometime 
mistaken for retinal breaks. TRD is produced by 
fibrovascular proliferative areas and these areas of 
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detachment are usually sited around the optic disc 
and vascular arcades. 

Tractional Systems 

The various types of traction system that are 
common to all forms ofTRD, although varying sub­
stantially in complexity from one case to another 
are: 

• Antero-posterior traction 
• Table-top detachment 
• Bridging traction. 

Contracture along the detached posterior vitreous 
face gives rise to antero-posterior traction and 
this is usually between the posterior border of the 
vitreous base and areas of retinitis proliferans (RP). 
Tangential traction along the surface of the retina 
overlies areas of RP and results in table-top detach­
ment (Fig. 18.2). Bridging traction occurs between 
areas of detached retina. 

The extent of posterior hyaloid separation varies 
quite markedly from one case to another and this, 
combined with the extent and site of table-top 
detachment, are the main features that determine 
the complexity of the surgical dissection. Eyes that 
have been treated with extensive laser photocoagu­
lation may have very incomplete vitreous separation 
over the treated areas. 

Retinal Breaks and C:ombined 
Rhegmatogenous and Traction Retinal 
Detachments 

Traction upon the retina may produce full-thickness 
retinal breaks and they are nearly always located 
in close proximity to areas of fibrovascular pro­
liferation. These breaks may, bat not always, result 
in a rhegmatogenous element to the TRD (Fig. 18.I). 
Combined RRD and TRD (see Chap. 3) should be 
suspected when: 

• The retinal detachment becomes mobile 
• The retinal contour becomes convex towards the 

vitreous cavity and towards attached retina. 
• The retinal detachment extends beyond the 

equator 
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Fig. 18.1. Fundus painting to show scattered and inadequate laser photocoagulation for PDR and traction and rhegmatogenous retinal 
detachment. 

• SRF extends through previous high-water marks 
associated with TRD 

Rarely retinal breaks occur at the posterior 
border of the vitreous base, secondary to peripheral 
posterior vitreous detachment and RRD may spread 
secondarily from this break to involve central TRD. 
In many of these patients, extensive photocoagula-

tion has been applied and the localisation of the 
peripheral break may not be obvious due to the 
atypical distribution of SRF. 

The distinction between tractional retinal detach­
ment and tractional retinoschisis is not particularly 
important as treatment is not advised in either con­
dition unless the macula is involved. High-water 
marks are found in relationship to static TRD, but 
not in retinoschisis. 
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Fig. 18.2. The typical arrangement of vitreous detachment in PDR. 

Surgical Assessment of Diabetic Eye 
Disease 

Symptoms 

The surgical assessment of the patient should take 
account of symptoms. Sudden visual loss, for exam­
ple, caused by vitreous haemorrhage or detachment 
of the retina involving the macula is usually obvious 
to the patient. Gradual loss, however, is more 
difficult for both patient and surgeon to assess. It 
may be produced by a combination of factors such 
as cataract, vitreous haemorrhage, slow extension 
of TRD into the macular area or from coincidental 
diabetic maculopathy. The level of vision may 
fluctuate. 
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Signs 

Slit-lamp biomicroscopy is used to detect the pres­
ence of rubeosis and any degree of lens opacity. In 
eyes with clear media, the extent of posterior vitre­
ous detachment should be assessed pre-operatively 
using indirect ophthalmoscopy followed by biomi­
croscopy. This assessment will give an indication of 
the likely complexity of the dissection and outcome 
of the case. An example of a simple diabetic vitrec­
to my is that for removal of vitreous haemorrhage 
when the gel is detached posteriorly inserting only 
at the disc. A combined TRD with RRD with little 
vitreous detachment presents a formidable surgical 
challenge. 

Haemorrhage 

Bleeding into the vitreous cavity occurs mainly into 
the vitreous cortex and retro-hyaloid space (Fig. 
18.3). Minor haemorrhages may clear sufficiently in 
a few days to allow further assessment and laser pho­
tocoagulation. Patients whose fundus is obscured 
should receive further investigation with B-mode 
ultrasound scanning to determine the extent of vitre­
ous detachment and the position of the retina. 

General Condition 

An assessment should be made of the general physi­
cal condition of the patient. Many diabetic patients 
have multi-system problems including coronary 
artery disease, poor peripheral circulation and renal 
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Fig. 18.3a,b. Vitreous haemorrhage in PDR. 



The Indications for Surgery 

failure. Planned surgical admissions may involve 
combined care with physicians, nephrologists and 
anaesthetists. Many patients coming to surgery are 
insulin dependent and insulin requirements may 
have to be altered over the operative period. The 
choice of surgery under local or general anaesthesia 
needs to take into account the complexity of the 
surgery and the risks of anaesthesia. 

Aims of Surgery (PPV) 

The aims of surgery are to: 

• Remove vitreous opacity 
• Relieve traction upon the retina 

1. To allow TRD to settle 
11. To relieve distortion on the macula from vit­

reous traction 
• Reattachment ofRRD by closing and sealing full­

thickness retinal breaks 
• To effect metabolic control with endo-photo­

coagulation. 

The Indications for Surgery 

The indications for surgery are: 

• Persistent or recurrent vitreous haemorrhage 
preventing adequate laser photocoagulation 

• Acute pre-macular haemorrhage 
• TRD involving the macula 
• Macular ectopia or distortion due to distortion 

from contraction by neighbouring retinitis 
proliferans 

• Rubeosis iridis with vitreous haemorrhage 
• Combined rhegmatogenous and tractional 

detachment. 

Vitreous Haemorrhage 

Persistent vitreous haemorrhage usually refers to 
one that has been present for more than 6 months. 
A significant proportion of first haemorrhages will 
clear allowing photocoagulation to stabilise the 
retina. In some patients peripheral retina may 
be treated with laser photocoagulation delivered 

165 

through the indirect ophthalmoscope particularly 
when central haemorrhage persists. It is desirable to 
apply as much photocoagulation as possible to 
dampen down the neovascular process before pro­
ceeding to vitrectomy. In some instances vitreous 
haemorrhage may be recurrent and never clear well 
enough for sufficient photocoagulation to achieve 
control. The excellent results of PPV for cases of 
vitreous haemorrhage of shorter duration (say 
1-3 months) has to be weighted against surgical 
morbidity. The age of the patient, occupation and 
state of the other eye will all be factors in considering 
the need for surgery. Selecting patients with recur­
rent vitreous haemorrhage is difficult; if however 
these are repeated and adequate photocoagulation is 
impossible then surgery should not be unnecessarily 
delayed. Delay will risk extension of fibrovascular 
process and make eventual surgery much more 
difficult. Acute pre-macular haemorrhage may com­
promise the visual function irreversibly especially if 
the haemorrhage has a tense cyst-like appearance. 

RRDandTRD 

TRD suddenly extending to involve the macula 
should be regarded with the same urgency as acute 
RRD and should be operated upon without delay. 
The longer the macula has been detached by the 
TRD the worse will be the prognosis of the restora­
tion of central vision following reattachment. 

Combined rhegmatogenous and tractional retinal 
detachment is usually progressive threatening both 
peripheral and central vision. Vitreous surgery aims 
to relieve the static traction and close the offending 
retinal breaks. Usually this can be achieved by a 
combination of vitrectomy and internal tamponade 
and scleral buckling is seldom required. 

Macular Ectopia 

The vision may drop as a result of pucker or dis­
tortion of the macular as a result of traction by an 
adjacent area of retinitis proliferans. 

Rubeosis 

Eyes with active rubeosis can give rise to angle 
closure and irreversible rise in intraocular pressure. 
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This can occur rapidly. If the view is not sufficiently 
clear for laser treatment, early surgery offers an 
opportunity to avoid permanent damage to the 
drainage angle by the rubeotic neovascularization. 
If not too advanced the rubeotic process may be 
reversed by vitrectomy and widespread photo­
coagulation. 

When Surgery is not Advisable 

Vitrectomy is not advisable for the following 
conditions: 

1. Extra-macular traction retinal detachments which 
may be stable for years 

2. Longstanding retinal detachment (more than 
one year) involving the macula with little 
prospect of visual improvement even if sur­
gically reattached 

3. Complex surgical configuration and active vas­
cular proliferation especially when the fellow eye 
is stable. 

Extra-macular tractional detachments are often 
stable. If the vascular proliferation is already con­
trolled with laser photocoagulation, these eyes can 
be observed. Surgery will not improve visual func­
tion if the retinal detachment has been longstanding 
and these patients may be observed for further signs 
of visual deterioration before attempting surgery. 

The potential benefit of a diabetic vitrectomy 
needs to be weighed against the likelihood of serious 
complications, the most important of which are 
retinal breaks inducing retinal detachment, rubeo­
sis leading to glaucoma, and cataract formation. 
An eye may be rendered blind and painful or 
phthisical. 

Pre-operative Counselling 

In addition to the usual information about PPV, 
patients undergoing PPV for PDR should receive 
additional counselling. They should be warned that 
some degree of vitreous haemorrhage is quite com­
mon in the post-operative period and this may take 
some weeks to clear (this information will avoid 
immediate disappointment after surgery). Cataract 
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Rubeosis indicates that treatment is urgent 

formation after vitrectomy surgery is common even 
in relatively young patients. Patients with TRD 
involving the macula should be given a guarded 
prognosis. Partly because the actual duration of 
detachment is often unclear from the history but 
also because of the vulnerability of macular function 
to damage by detachment combined with an under­
lying and often unpredictable degree of macular 
ischaemia. The patient needs to have a clear idea of 
the objectives of surgery and to be given a realistic 
appraisal of the risk of complications and visual 
outcome. 

Surgical Techniques 

Removal of Vitreous Haemorrhage 

The surgical sequence is: 

• Remove of central gel 
• Fenestration of the posterior hyaloid face 
• Aspiration of retro-hyaloid blood 
• Excision of cortical gd 
• Deep indentation to remove blood clots in 

vitreous base. 

In an eye with dense vitreous haemorrhage the view 
of the fundus may be totally obscured. In such cases 
there is danger of damaging the retina particularly if 
retina is drawn forward by TRD .. This danger 
underlies the importance of pre-operative ultra­
sonography to help guide the surgeon in the initial 
phases of the dissection. The first step should be to 
remove the central gel haemorrhage to allow access 
to the posterior hyaloid face overlying attached 
retina. A small opening in the posterior hyaloid is 
made with the cutter allowing removal of the retro­
hyaloid blood. This small window will allow viewing 
of underlying retina and will facilitate orientation 
and subsequent dissection. If there is no TRD, the 
vitreous cutter is used to enlarge this opening in the 
posterior vitreous face and the gel frill trimmed to 
the equator. Blood settling on the surface of the 
retina may be removed by a back flush flute needle. 



Surgical Techniques 

Dense clots of blood are often found in the inferior 
vitreous base and deep indentation improves access 
and facilitates removal. Leaving inferior residual 
blood may cause: 

• Post-operative haze 
• Ghost-cell glaucoma. 

The release of red blood cells from the gel frill tends 
to obscure fundal view in the early post-operative 
period. Red blood cells can block the trabecular 
meshwork and produce post-operative ghost cell 
glaucoma. 

Removal ofVitreo-Retinal Traction 

The techniques used are: 

• Delamination 
• En-bloc dissection 
• Segmentation. 

These moves are facilitated by the use of multi­
function instruments. 

In the presence of tractional retinal detachments 
the technique for vitrectomy needs to be modified. 
Once again, it is necessary to gain access to the 
retro-hyaloid compartment early in the operative 
procedure. Instruments are then inserted under­
neath the intact hyaloid and blunt dissection is 
carried out to gently lift the fibrovascular mem­
branes from the retina. The purpose of the blunt 
dissection is to create a tissue plane for dissection. 
Fibrovascular membranes are usually attached to 

Fig. 18.4. Scissor delamination at Ppv. 
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the retina by feeder blood vessels. The dissection of 
vascular membranes is entirely different from that 
used for non-vascularized membranes of PVR. No 
attempt should be made to 'peel' these membranes 
otherwise avulsion of these feeder vessels from 
retinal vessels will give rise to bleeding which is 
difficult to control. Any traction on the retina either 
deliberate in the form of peeling or inadvertent will 
tend to produce breaks in the thin underlying 
diabetic retina. Once the correct tissue plane is 
identified by blunt dissection, angled scissors are 
used to divide these feeder vessels. The process of 
removal of the fibrovascular membranes along with 
the posterior hyaloid is referred to as delamination 
(Fig. 18.4). The posterior vitreous face should be 
kept intact as this will provide a degree of anterior 
posterior traction on the membranes which is 
helpful to dissection. 

PDRsurgery 

Complexity depends on the extent of the PVD 

Occasionally, there are areas of firm adhesions 
between a fibrovascular membrane and the 
detached retina. Traction on the membranes simply 
causes the retina to become more elevated and 
sharp dissection may run the risk of forming iatro­
genic retinal breaks. In these instances it is more 
expedient to cut around the membrane leaving this 
an island of tissue. The membrane may then be 
divided into segments using vertical scissors in 
order to relieve the tangential traction upon the 
surface of the retina. The degree of complexity of 
delamination is largely determined by the area and 
strength of adhesion between the fibrovascular 
membrane and the underlying retina. If connections 
are very small then the dissection is rapid with little 
risk of complication such as haemorrhage or retinal 
break formation. If on the other hand, the con­
nection is extensive then the dissection will be labor­
ious and time consuming with a higher risk of 
complications. It is not usually advisable to com­
pletely remove fronds of neovascular tissue from the 
optic disc. These fronds will have to be shortened 
leaving a small residual stub of tissue. Occasionally 
multi-function probes such as illuminated picks 
or those combining an aspiration cannula with a 
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light pipe may be useful. They allow membranes 
to be purchased with one instrument and cut 
with another thus facilitating segmentation and 
delamination. 

Haemostasis and Endo-diathermy 

Bleeding can arise during membrane dissection. 
Dividing feeder vessels to the membrane often 
causes surprising little amount of haemorrhage even 
when the vessels are quite large. However when 
feeder vessels are avulsed, they tear away from the 
retinal venules from which they arise. These retinal 
bleeding points are difficult to control and removal 
of clotted blood can be awkward. Other sources of 
bleeding may be vascular loops that can be acciden­
tally mistaken for new vessels and from the cut edge 
of neovascular fronds which have been shortened 
on the disc. Endo-diathermy is often ineffective and 
if heavy runs the risk of creating breaks. The infu­
sion bottle is raised to encourage haemostasis. 

Laser Photocoagulation 

Per-operative laser photocoagulation is invariably 
performed for all cases of proliferative diabetic 
retinopathy which come to vitrectomy and usually 
involves one or more of the following approaches: 

1. Treatment of post-equatorial retina (with 
straight or curved endo-laser probes) 

2. Treatment of pre-equatorial retina with deep 
indentation. 

3. Treatment of coincidental diabetic maculopathy 
4. Per-operative treatment of retinal breaks. 

Once the media is cleared, and fibrovascular mem­
branes removed, it is possible to treat the retina with 
endo-laser photocoagulation. Endo-laser can be 
used to fill in gaps in previous photocoagulation and 
if the vascular proliferation is very active, over­
treatment of previously photocoagulated retina can 
be performed. Deep indentation allows treatment of 
pre-equatorial retina. This can be carried as a 
bimanual technique using the coaxial illumination 
of the operating microscope with the laser probe 
held in one hand and a scleral indentor in the other. 
(Alternatively, a combined endo-illumination and 
laser probe is available and convenient to use). A 
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curved laser probe can ensure a more even uptake 
of laser energy by directing the beam perpendicular 
to the retinal surface. Occasionally, it is convenient 
to deliver the laser via an indirect ophthalmoscope 
combined with scleral depression. The uptake of 
laser energy is much reduced in areas that have just 
been dissected and that have been previously 
detached. Uptake is similarly enhanced in areas of 
ischaemic flat retina or in the more pigmented 
fundus. Iatrogenic or spontaneously occurring 
retinal breaks will best be treated after the intro­
duction of the tamponade agent as the breaks will 
be flatter and laser uptake more satisfactory. It is 
unusual for supplementary laser treatment to be 
needed in the post -operative period. 

Internal Tamponade Agents 

The choice of internal tamponade agents is between 
gas and silicone oil. 

Retinal breaks in PDR 

• Located in clo e proximity to areas of 
fibrovascular proliferation 

• Usually result in rhegmatogenou element 
to tlle TRD 

Retinal breaks which are identified per­
operatively may be pre-existing or iatrogenic 
(formed during dissection of fibrovascular mem­
branes). Posterior breaks in flat retina (rare) may 
simply be treated with retinopexy (endo-laser). 
Retinal breaks in detached retina require internal 
tamponade to keep the breaks closed while adhesion 
is established. If the delamination process is such 
that there is no residual traction around the breaks 
then gas internal tamponade should be used pro­
vided that patients are able to posture adequately in 
the post-operative period. Where the membrane 
dissection has been incomplete (very undesirable) if 
breaks are multiple, or if the dissection has been 
complicated by haemorrhage, then silicone oil 
should be used. Prolonged internal tamponade 
allows time for the retina to be attached and sup­
plementary laser retinopexy to be carried out post­
operatively if necessary. Early visual and physical 
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rehabilitation after silicone is particularly useful in 
diabetic patients, as posture may be difficult in these 
relatively sick patients who may have very much 
reduced vision in the other eye. If bleeding occurs 
post-operatively in a silicone filled eye it is confined 
to the retro-oil space. If extensive, this blood can 
become organised and promote reparative fibrosis 
leading to recurrence of TRD. 

Silicone oil removal is carried out after 3-4 
months. The posterior nature of proliferation in dia­
betes as opposed to anterior proliferation in PVR 
means that once the retina is totally reattached 
the risk of retinal detachment after the removal of 
silicone oil. Buckles are rarely indicated. 

Per-operative Complications 

The special complications are: 

• Intraocular bleeding 
• Iatrogenic retinal breaks 
• Clouding of the cornea and lens. 

Per-operative Bleeding 

The management of per-operative bleeding has 
already been discussed. It is wise to perform endo­
diathermy if bleeding occurs during surgery. Blood 
left in the vitreous cavity clots in a matter of 
minutes and becomes difficult to remove with aspir­
ation. These clots are adherent to retina and may 
need to be excised with the vitreous cutter. 

Iatrogenic Breaks 

During segmentation and delamination a balance is 
struck between the need for complete excision of 
fibrovascular membranes and the risk of causing 
retinal damage. If iatrogenic breaks are made early 
in the dissection the surgeon will have converted 
a tractional retinal detachment into a rhegmato­
genous one and the dissection itself becomes more 
difficult due to progressive mobility and instability 
of the retina. 
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Entry Site Breaks 

Repeated introduction of intraocular instruments is 
a feature of complex dissection and entry site breaks 
are prone to occur. Awkwardly shaped instruments 
such as intraocular scissors can engage basal gel on 
insertion. Close inspection of the pre-equatorial 
retina including the ora serrata adjacent to the scler­
otomies is recommended at the end of these com­
plex vitrectomies. Tears or dialyses are treated with 
retinopexy. 

Corneal and Lens Clouding 

Prolonged vitrectomy can lead to some clouding of 
the cornea and lens. Corneal epithelium may need 
to be removed. The use of balanced salt solution 
plus may be better at maintaining lens clarity. 

Post-operative Complications 

Post -operative complications particularly related to 
surgery of proliferative diabetic retinopathy include: 

• Bleeding into the vitreous cavity 
• Raised intraocular pressure 
• Recurrence of retinal detachment 
• Anterior fibrovascular proliferation 
• Rubeosis iridis. 

Early post-operative haemorrhage is usually minor 
and clears spontaneously within a few weeks after 
surgery. Bleeding is usually due to inadequate 
haemostasis at the time of surgery rather than new 
vessel proliferation. Vitreous haze may be caused by 
red blood cells spreading from the retained blood in 
the residual vitreous gel frill. Late post-operative 
haemorrhage is uncommon and its source is always 
difficult to identify. It may be from residual un­
dissected new vessels on the surface of the retina or 
possibly from sclerotomy sites. These haemorrhages 
usually clear without the need for further inter­
vention. Blood cells can be an important cause of 

Early post-operative rubeosis suggests RRD 
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high intraocular pressure. If the pressure cannot 
be successfully managed by medical means, or if 
haemorrhage does not clear or is recurrent then a 
vitreous washout should be performed and com­
bined with further endo-Iaser photocoagulation. 

Recurrence of retinal detachment arises from 
either pre-existing or iatrogenic breaks. If membrane 
dissection is incomplete, it presents as a combined 
RRD and TRD. Usually in these circumstances the 
RRD element is much more obvious. Further surgery 
is necessary to relieve traction and to seal breaks. 

Anterior neovascular proliferation is a rare com­
plication and is characterised by rubeosis and a 
fibrovascular ingrowth behind the crystalline lens to 
form a retro-Iental membrane. Further vitreous 
surgery involving removal of the crystalline lens, 
dissection of vitreous base and pan-retinal photo­
coagulation is necessary. 

Rubeosis iridis if present pre-operatively will 
regress if PDR is controlled by retinal reattachment 
and photocoagulation. If rubeosis appears post­
operatively then RRD should be suspected. 
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Results 

Vitreous Haemorrhage 

Visual improvement can be expected in approx­
imately 80% of patients operated upon for vitreous 
haemorrhage in whom the macula is attached. In the 
absence of severe complications the determination 
of the eventual level of visual acuity relates to the 
state of the macula. 

Traction Macular Detachment 

Improved vision following vitrectomy occurs in 
about 70% of cases but this will depend upon case 
selection and, in particular, length of time that the 
macula had been detached prior to surgery. 
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Macular Surgery 
• Macular pucker 
• Macular hole 
• Sub macular surgery 

Surgery involving PPV for conditions specifically 
affecting the macula has developed rapidly in the 
past few years. It is now well established for treat­
ment of macular pucker and macular hole but much 
less so for the treatment of either submacular haem­
orrhage or submacular neovascularisation. 

The main indications for macular surgery are: 

• Macular pucker 
• Macular hole. 

Less frequent indications are: 

• Evacuation of submacular haemorrhage 
• Excision of sub macular neovascular membrane. 

Macular Pucker 

Pathogenesis 

Macular pucker is the term used to describe the 
appearance caused by the formation of epiretinal 
membrane in the macular area. Tangential traction 

exerted by this membrane causes the retina to 
wrinkle and results in visual disturbance. Minor 
degrees are a common finding in the elderly, are 
usually asymptomatic and require no treatment. In 
its simplest form the membrane consists of retinal 
glial cells proliferating on the surface of the internal 
limiting membrane. When more extensive and 
thicker, other cells, for example, fibroblasts and 
pigment epithelial cells are found. The membranes 
that form usually remain confined to the macular 
region but extensive radiating fibro-sheets may form 
involving a large proportion of the posterior retina. 

Symptoms 

Clinically significant macular pucker produces the 
symptoms of metamorphopsia and reduction in 
visual acuity. Patients describe distortion of straight 
lines (either horizontal or vertical) and complain 
that vision is blurred. 

Causes of Macular Pucker 

The main causes for macular pucker are: 

• Idiopathic 
• Venous occlusive diseases 
• Retinal breaks, retinal detachment and their 

treatment 

• Trauma 
• Uveitis 
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Macular pucker may be mild, non-progressive 
and need no treatment 

Idiopathic macular pucker affects middle-aged 
patients, and women more frequently than men. 
Examination reveals reduced visual acuity and the 
pucker is shown as a wrinkling on the surface of the 
retina and distortion of surrounding retinal blood 
vessels (Fig. 19.1). Typically, the vision is reduced to 
a varying degree (either slightly e.g. 6/9 or pro­
foundly to 6/60 or worse). There is usually a com­
plete posterior vitreous detachment and there is no 
precipitating ocular disorder. 

If PVD is incomplete, remaining attached at the 
posterior pole, increased traction upon the retina 
may produce elevation and distortion of the macula 
(the vitreo-macular traction syndrome). This pre­
sents in a similar way to macular pucker and the 
indications for surgery are the same. 

Macular pucker frequently follows venous occlus­
ive diseases particularly retinal vein thrombosis but 
also may occur in diabetic and other proliferative 
vasculopathies and retinal vasculitis. Antecedent 
venous occlusive disease may be relatively minor 
and the first symptoms noticed by the patient are 
those related to the macular pucker itself. It is only 
throug~ the observation of permanent changes in 
the retmal vasculature (such as collateral circula-

Fig. 19.1. Idiopathic macular pucker. In this case, the epiretinal membrane is 
quite widespread at the posterior pole. 

Macular Surgery 

tion, sheathing of vessels and capillary drop out) 
that the underlying aetiology becomes apparent. 

Retinal breaks may be associated with macular 
pucker. In these cases it seems likely that the release 
of retinal pigment epithelial cells into the vitreous 
~avity. via .the break causes a mild form of pro­
lIferatIve vltreo-retinopathy. The macula appears to 
be a site of predilection for PVR and a patch of dis­
crete epiretinal membrane may only affect central 
retina while peripheral retina is spared. If the retina is 
detached macular pucker may be isolated but usually 
forms part of a more extensive overall PVR picture 
and this is particularly likely to be found when retinal 
detachment is longstanding or in those who have 
had failed surgery. It occasionally occurs as a com­
plication in its own right when retinal reattachment 
has been achieved by surgery (see Chap. 11) or as a 
complication of prophylaxis (Chap. 13). 
. .Mac~lar p~cker may also follow penetrating 
mJury mvolvmg the posterior segment. There is 
l?cal proliferation around the wound exerting trac­
tIOn on the macula even though the perforating site 
may be remote from the posterior pole. Other forms 
of physical injury such as heavy photocoagulation 
close to the macula may also produce pucker. 

Ocular inflammation causing pucker may either 
be generalised (e.g. vitritis from pars planitis, sar­
coidosis or idiopathic posterior uveitis) or focal in 
the macular region (e.g. toxoplasmosis). 

Clinical examination of macular pucker is best per­
formed with non-contact biomicroscopy and indirect 
ophthalmoscopy is used to exclude peripheral breaks. 

Investigations 

Fluorescein angiography may highlight an enlarged 
foveal avascular zone, collateral circulation and 
distortion of the retinal vasculature confirming an 
underlying venous occlusive problem or it may show 
vasc~ar leakage in cases of posterior uveitis. In long­
standmg macular pucker, leakage from retinal blood 
vessels in the vicinity of the pucker is more likely and 
there may also be underlying pigment epithelial 
damage. In all of these circumstances a more guarded 
prognosis for surgery should be given. 

When macular pucker is pre ent examine the 
periphery carefully for retinal breaks 
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Indications for Surgery 

Symptoms 

The indication for surgery is strongly influenced by 
the symptoms. If the patient's main complaint is 
that of reduction in visual acuity, surgical treatment 
has a good chance of improving this. However, if the 
predominant symptom is that of distortion patients 
should be warned that although this may be 
improved, it may not be completely resolved by sur­
gical treatment. Furthermore, if there is residual 
metamorphopsia and an improvement in the visual 
acuity the distortion is sometimes more difficult for 
the patient to cope with or ignore. 

Generally, successful surgery undertaken early 
whilst patients still have a relatively good visual 
acuity yields a better visual result. The potential 
benefit of surgery needs to be balanced against 
the general risks of surgery and specifically a 
high risk of subsequent cataract formation and a 
low risk of retinal detachment. If the vision in 
the fellow eye is otherwise normal, a reasonable 
threshold for surgery is a visual acuity of approx­
imately 6/18. If the treatment is successful, the 
patient can enjoy and maintain binocular vision 
(Fig. 19.2). 

a 
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Pre-operative Advice and Post-operative 
Management 

Before surgical treatment is undertaken the patient 
should be given advice on the prognosis. With suc­
cessful surgery the symptoms will improve gradu­
ally over several weeks. In addition to the usual 
vitrectomy counselling the patient should be warned 
that if retinal breaks are present these will be treated 
and post-operative posturing may be necessary if 
gas tamponade is used. 

Surgical Techniques 

The aim of surgery is to remove the epiretinal mem­
brane as completely as possible whilst incurring 
minimum trauma to the retina. In most cases, there 
is already a complete PVD and the vitrectomy is 
simple. Once the removal of vitreous is completed, 
attention is paid to the removal of the epimacular 
membrane. The plano contact lens and direct 
viewing is favoured over the indirect viewing system 
as the former provides better axial magnification 
and better stereopsis for the delicate dissection. 

Traditionally, an edge of the epiretinal membrane 
is grasped by forceps and gradually peeled away 

b 

Fig. 19.2. Macular pucker associated 
with inflammatory eye disease: a pre­
operatively; b post-operatively. 
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from the retina, letting go and re-grasping period­
ically to ensure the membrane does not tear into fine 
strips. In the absence of an edge picks and needles 
are used to dissect a plane allowing the forceps to 
purchase the membrane. Sharp instruments can 
cause inner retinal damage resulting in petechial 
haemorrhages on the surface of the retinal and 
nerve fibre layer. 

An alternative technique is to use a back-flush 
flute needle with a soft-tip cannula and apply gentle 
passive aspiration over a wide area in the posterior 
pole. This is carried out with the infusion bottle 
lowered and with the tip of the cannula closely 
applied to the surface of the epiretinal membrane. 
This has the effect of loosening the adhesion 
between the epimacular membrane and the retina. 
Slowly, the membrane will separate from the retina 
over a wide area often extending beyond what could 
be observed as the full extent of the membrane. It is 
possible to achieve this separation without using 
any sharp instruments and employing the forceps 
only to remove the epiretinal membrane when it is 
almost entirely detached from the retina. 

If retinal breaks are present, care should be taken 
to ensure that these are surrounded by retinopexy 
and if any SRF is present around the break, it is 
necessary to use an air/gas mixture as internal 
tamponade. 

If uveitis is the cause for the epiretinal membrane, 
then peroperative subconjunctival steroid injections 
should be given together with an intensive regime of 
post-operative steroid eye drops. 

Results of Surgery 

In the treatment of idiopathic macular pucker 
patients with a mean pre-operative visual acuity of 
6/60 improved to a mean final visual acuity of 6/18 
when the aspiration delamination technique was 
used. 

Full-thickness macular holes 

• Post-menopausal women 
• Often asymptomatic 
• 10% offel\ow eyes affected 
• Rapid visual deterioration from Stage II 

Macular Surgery 

Macular Hole 

Pathogenesis and Classification 

Macular hole formation is a relatively common form 
of macular degenerati.on, affecting mainly post­
menopausal women. Although not fully established 
the pathogenesis is thought to be that of tangential 
traction of the vitreous gel on the surface of the 
macula. The condition is bilateral in 10% of cases. 

The classification of macular holes by Gass is 
used. Stage I macular hole involves foveolar and 
foveal detachment. Clinically there is a loss of foveal 
reflex caused by the umbo. Stage la is observed as a 
yellow spot and Stage Ib can be seen as a yellow 
ring. There may be a slight fall in visual acuity. 
Symptomatically the patient complains of blurred 
and variable vision. Stage II is a full-thickness hole. 
These holes are often eccentric and there is often 
preservation of good visual acuity. Occasionally an 
operculum is observed over the macular hole. 
Histology has shown that this operculum is formed 
of a glial material with little or no neuro-sensory 
element. Stage III macular hole is one that is 300 flm 
in diameter (Fig. 19.3). There is an associated cuff of 
SRF around the hole. Longstanding cases may also 
be associated with cystic spaces around the hole. 
When the vitreous is detached the hole is described 
as Stage IV. There are often yellow deposits of 
drusen at the base of the hole. Stage III and Stage IV 

Fig. 19.3. Full-thickness macular hole (Stage III). 
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macular holes are associated with acuity between 
6/24 to 6/60 depending on their chronicity. 

Symptoms 

The onset of visual deterioration is usually insidious 
and indeed may be asymptomatic with reduced 
vision only detected at a routine examination. 
Symptomatic patients may notice either reduced 
central vision, a central scotoma or obvious meta­
morphopsia with distortion and 'wasting' of objects. 
Obviously, patients with poor vision in the fellow 
eye for any reason tend to present with symptoms 
more readily. 

Clinical Examination 

Macular holes should be examined with: 

• Slit-lamp biomicroscopy using +90 or +60 hand­
held lenses 

• With eye movements to assess vitreous 
attachments 

• Contact lens for enhanced axial magnification 
• Indirect ophthalmoscopy to exclude peripheral 

pathology. 

When a vertical slit-beam of light is shone over the 
macula, patients with a full-thickness macular hole 
sometimes report a gap in what they see as a rec­
tangular bar of light (Watzke-Allen sign). If the 
response is negative, a further proportion of 
patients may appreciate the gap with the beam 
shone horizontally. On biomicroscopy using the +90 
or +60 hand-held lens the hole at the macula can be 
seen. The cuff of SRF around a full-thickness 
macular hole can be subtle. The use of a Goldmann 
contact lens affords greater axial magnification and 
allows shallow elevation of the retina to be detected. 
With eye movements and the slit-lamp focused in 
front of the retina it is possible to assess the vitreous 
attachments to the retina. The patient is usually 
asked to look up and down, then look straight 
ahead. It is the relative movements of the vitreous 
to the surface of the retina which give some indica­
tion as to whether or not a posterior vitreous 
detachment is present. The presence of a Weiss ring 
is the only sure sign of posterior vitreous detach-
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ment and other observations are difficult to inter­
pret and may well be proven wrong at vitrectomy. 

The main differential diagnoses of full-thickness 
macular holes are: 

• Pseudo-holes in epimacular membranes 
• Cystoid macular oedema 
• Foveolar detachments 

Primary idiopathic macular holes seldom have 
well-established epimacular membranes which are 
identified by retinal striae and distortion of sur­
rounding retinal vessels. Pseudo-macular holes are 
identified by their shape which are often oval and 
elongated along the direction of the retinal striae. 
Cystoid macular oedema can be difficult to dis­
tinguish from a full-thickness hole particularly as 
Stage III and IV holes may be associated with sur­
rounding cystoid changes. In cystoid macular 
oedema there is always an 'inner' leaf of the retina 
present - this may be seen via oblique illumination 
with a narrow slit-lamp beam of high intensity. 
Yellow deposits found in the base of macular holes 
are not found in cystoid macular oedema. 

Foveolar detachments are seen as a yellow or 
white dot. This appearance is caused by altered light 
reflex from the retinal surface. There is seldom a 
well-defined circle as seen in a full-thickness 
macular hole. 

Fluorescein angiography may be helpful in that it 
may show the diffuse petalloid leakage pattern in 
cystoid macular oedema and a more discreet 
window defect in full-thickness macular holes. 

Optical coherence tomography may be helpful to 
study changes at the macula (Fig. 19.4). 

Rationale for Treatment 

It is thought that with tangential traction upon the 
retina the neuro-sensory elements separate as the 
hole enlarges and any 'operculum' that is found 
overlying a full-thickness macular hole is made 
mainly of glial material with little or no neuro­
sensory tissue. Thus, neuro-sensory elements are 
not destroyed and this may explain the improve­
ment in visual acuity that can occur when the 
macular hole is closed and retinal detachment 
around it resolved (i.e. the function of the neuro­
sensory elements is restored when reapposed to 
underlying pigment epithelium). 
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a 

Indications for Surgery 

Stage I macular holes are not treated as the natural 
history is usually favourable with maintenance of 
good visual acuity. 

Macular Surgery 

b 

Fig. 19.4. Optical coherence tomography of the macula: a full-thickness 
macular hole (probably Stage IV); b longstanding macular hole with cystic 
changes in neuroretina and overlying operculum; c Stage I macular hole. 

Objectives of Surgerl' 

The aim of macular hole surgery is to close the 
macular hole with resolution of the retinal detach­
ment. The natural history of full-thickness macular 
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hole (Stages II and III) is one of progression with fall 
of vision over a relatively short period of follow-up (a 
few weeks or months). Vitrectomy combined with 
meticulous membrane peel and gas alone may be 
used to close macular holes successfully. Adjuvant 
substances (e.g. transforming growth factor or 
platelet aggregates) may be introduced at the site of 
the macular hole to promote closure but their role 
remains controversial as does the additional move of 
peeling epimacular or internal limiting membrane. 
This situation will become clearer when the results of 
randomised controlled trials become available. 

Details of Macular Hole Surgery 

The elements of macular hole surgery includes: 

• Detachment of the vitreous cortex 
• Removal of epimacular membrane +/- internal 

limiting lamina 

• Fluid air exchange 
• Use of adjuvant 
• Injection of long-acting gases 
• Post -operative posture. 

Detachment of Posterior Vitreous Cortex 

Following central vitrectomy, detachment of the 
posterior vitreous cortex can be achieved with 
passive aspiration using a flute needle close to the 
surface of the retina or alternatively, a vitreous 
cutter near the surface of the disc. By advancing the 
light pipe very close to the port, it is possible to 
confirm that vitreous fibres are engaged by the tip 
of the flute needle or the vitreous cutter. Once 
engaged, gentle traction will detach the posterior 
hyaloid from the retina. This manoeuvre may take 
quite a few minutes and should not be hurried. Even 
though it is possible to engage the posterior hyaloid 
quite rapidly developing a substantial PVD can take 
some time. The observation of a the posterior 
hyaloid membrane with a Weiss Ring confirms a 
successful posterior vitreous detachment; this can 

PPV with gas: correct post-operative posture 
is very important 
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be extended to the equator if not completely to the 
posterior border of the vitreous base. 

Removal of Epimacular Membrane 

After removal of the posterior hyaloid from the 
surface of the retina, the retinal surface is then 
inspected for any signs suggestive of epimacular 
membrane formation. If signs exist that indicate the 
presence of such membranes (such as retinal striae 
or minor opacity on the surface of the retina), this 
tissue should be removed. There is usually a plane 
between this membrane and the surface of the retina 
and the removal of the membrane may result at 
least in partial removal of the internal limiting 
membrane as well. Fine epimacular membranes are 
difficult to identify and some surgeons remove the 
internal limiting membrane to ensure that all 
epiretinal membranes are removed. When epi­
macular membrane is fine, the distinction between 
epimacular membranes and the internal limiting 
membrane is often extremely difficult to establish. 
Internal limiting membrane is transparent rather 
than translucent and has a tendency to scroll. 

Fluid Air/Exchange and Injection of 
Adjuvant 

When vitrectomy is complete the vitreous base should 
be inspected for the presence of any iatrogenic breaks 
induced by the PVD. These should be treated with 
retinopexy at this stage. This is followed by airlfluid 
exchange. There is re-accumulation of fluid at the 
posterior pole from the vitreous after a few minutes. 
After a wait of approximately 10 minutes to make 
sure the macular area is 'dry' adjuvant (if used, e.g. 
autologous platelet aggregates) is injected over the 
macular hole and left in situ. Patients are asked to lie 
supine for 24 hours after surgery with their eyes· 
looking upwards to ensure that the injected platelets 
do not move away from the macular hole. 

Gas Tamponade and Post-operative 
Posture 

Strict post-operative prone posturing and internal 
tamponade is essential. A 16% C3FS/air mixture or 
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20% SF6/air mixture may be used and the patients 
are encouraged to posture for 50 minutes in every 
hour. 

There are many confounding factors influencing 
the success rate of macular hole surgery. The dili­
gence of posturing is increasingly recognised as 
being extremely important for the eventual success 
of the procedure. Patients need help (e.g. physio­
therapy to the neck and shoulders can be most 
useful) and encouragement (from both relatives and 
nurse practitioner) to relieve the boredom and 
discomfort of prolonged positioning. 

Type of Hole Closure 

Post-operatively, macular holes may be difficult to 
find at all when there is fusion of the retinal edge 
with the underlying pigment epithelium and total 
resolution of cystic retinal change and disappear­
ance of SRF. Sometimes retinal re-apposition ap­
pears to occur without such fusion and the edge of 
the retinal break is still seen as an incomplete ring, 
SRF is absent and improvement of visual acuity may 
be significant. 

Results of Surgery 

Closure of the macular hole is usually but not 
invariably associated with an improvement in visual 
acuity. This can be expected to give an average 
·improvement of two or more lines on the Snellen 
chart in at least 60% of patients. In addition, many 
patients will report disappearance or diminution of 
their central scotoma and distortion if a prominent 
pre-operative symptom is much improved by 
closure of the hole. The removal of distortion is par­
ticularly appreciated by patients even in those cases 
in whom there has been no marked difference in 
central visual acuity. The visual outcome does not 
appear to be closely related to the duration of the 
macular hole (up to 2 years). Indeed, in many 
patients the precise onset of the occurrence of the 
macular hole is unknown particularly if vision in the 
other eye is normal. Those patients with relatively 
good initial visual acuity (6/24 or better) stand to 
gain most from successful hole closure as these are 
the patients who are most likely to suffer further 
deterioration in their vision as a result of the natural 
history of the condition. 
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Post-operative Complications 

In addition to the expected complications of any 
vitrectomy procedure, there are complications which 
are particularly relevant to macular surgery: 

• Early post -operative intraocular pressure rise 
• Retinal breaks and retinal detachments 
• Pigmentary maculopathy from outer retinal 

damage 
• Visual field defect which may be symptomatic or 

asymptomatic 

• Failure to close hole 
• Late reopening of macular holes. 

A marked rise in intraocular pressure is frequently 
observed. This may occur in patients lying supine 
with a gas-filled eye after macular hole surgery using 
adjuvant. This rise is usually transient and responds 
readily to medication. 

Retinal tears may be produced as a result of the 
induced posterior vitreous detachment at the time of 
surgery. Any small haemorrhage on the retinal sur­
face may signpost such a tear. If undetected they may 
cause retinal detachment in the post-operative period. 

Vigorous dissection of epiretinal membranes or 
accidental touch of the retina with aspirating can­
nulae or forceps may cause retinal damage and 
manifesting as post-operative disturbance of the 
retinal pigment epithelium. 

Visual field defects (usually temporal) following 
macular hole surgery may occur although the 
majority of patients are asymptomatic. The way in 
which these defects occur is uncertain. 

Failure to close the breaks is either due to in­
complete dissection at the time of surgery or due to 
inadequate post-operative posturing. In these cases, 
and provided the patient is fully familiarised with the 
situation, further surgery repeating the dissection 
and repeating the tamponade may result in break 
closure and subsequent improvement of vision. 

Late re-opening of macular holes is rare if they 
have been fully closed by surgery. It may be asso­
ciated with cystoid macular oedema following 
cataract surgery. 

Prophylaxis 

Many patients present with a full-thickness macular 
hole in one eye and a Stage I macular hole in the 
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fellow eye. However, the natural history of Stage I is 
relatively benign and prophylactic surgery is not 
justified. 

Special Note 

The slightly unpredictable results of surgery, the 
considerable demands for post-operative posturing 
in an elderly population, and the inevitable appear­
ance of cataract should ensure that patients for 
macular hole surgery have to be carefully selected. 

Submacular Surgery 

The accessibility of the subretinal space to the vitreo­
retinal surgeon has enabled exploration of sub retinal 
surgery. At the present time this approach is being 
evaluated and can, at the moment, only occasionally 
be advised. It has been used to remove: 

• Submacular haemorrhage 
• Subretinal neovascular membrane and scar tissue 

There is a huge variation in the complexity and the 
extent of subretinal neovascular membranes. The 
response to surgery may depend on many factors 
including the age of the patient, the underlying 
cause of the neovascular process and the state of the 
retinal pigment epithelium. There is, however, a role 
for surgery to play where other modalities of treat­
ment are inappropriate. An example of this is the 
removal of subretinal haemorrhage. 

Subretinal Haemorrhage 

Submacular haemorrhage is a sequel of bleeding 
from sub retinal neovascular membrane in age 
related macular degeneration. The patient presents 
with a sudden drop in visual acuity. Examination 
reveals a dark elevated lesion in the posterior pole, 
the edge of which may have a lighter red colour 
where the blood is thinner. A large haemorrhage 
involves the whole posterior pole while a smaller 
one may be about the area of the disc. There may be 
intraretinal and subretinal pigment epithelial haem­
orrhage of varying degree and occasionally subretinal 
blood can break through into the vitreous cavity 
resulting in a dense vitreous haemorrhage. Where the 
bleeding under the macula is not more than a thin 
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layer of blood, these often absorb spontaneously 
resulting in preservation of some central vision. 
When the haemorrhage is more extensive, then the 
natural history is much less favourable. Blood under 
the retina is thought to be toxic to the photoreceptors 
and even if the blood is eventually absorbed the 
central vision is usually profoundly reduced. 

Indications for Removal of Subretinal Blood 

The indications for removal of subretinal blood in 
cases of sub macular haemorrhage are: 

• Fresh sub retinal haemorrhage involving the fovea 
• Where the haemorrhage is extensive (greater 

than five disc areas and highly elevated over the 
macular area) 

and the relative contraindications for surgery are: 

• Where the layer of blood under the fovea is only 
a thin film 

• Where the area of subretinal haemorrhage is small 
• Where the blood is predominantly under the 

retinal pigment epithelium where it is less 
amenable to surgical removal. 

Subretinal Neovascular Membranes 

Pathogenesis 

In its most common form subretinal neovascular­
isation occurs as a result of age-related macular 
degeneration. Bruch's membrane is breached and new 
vessels grow and invade the retinal pigment epithe­
lium (Type I). Surgical removal of sub retinal mem­
branes in this circumstance invariably leads to the 
removal of overlying retinal pigment epithelium and 
the visual results of surgery are poor. In the younger 
age group the retinal pigment epithelium envelops the 
subretinal membrane (Type II) and is seen in situa­
tions such as the presumed ocular histoplasmosis syn­
drome. In these cases, response to surgery is more 
favourable. However, it is also in these cases that the 
natural history of the condition is usually good. 

Indications for Surgical Removal 

At the present time surgery is confined to the 
removal of subfoveal membranes in patients under 
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the age of 50. In these cases, it is judged that photo­
coagulation treatment has no part to play and that 
the natural history if untreated is unfavourable. 

Pre-operative Investigation Prior to 
Submacular Surgery 

Fluorescein angiography is performed to determine 
the extent of haemorrhage and of subretinal neo­
vascularisation. The centre of the subretinal mem­
brane is localised as this is useful in the planning of 
surgery. However, if haemorrhage is large, the neo­
vascular complex may be partially obscured by blood. 

The patients need to be aware that the visual 
outcome of these cases is unpredictable. 

Surgical Detail 

The surgical sequence is: 

• PPV and removal of posterior hyaloid 

Macular Surgery 

• Small posterior retinotomy adjacent to neo­
vascular complex 

• Removal of membrane with subretinal forceps. 

The retinotomy is made using a small spatula or a 
23-gauge needle bent at its tip. The infusion bottle 
is elevated to encourage haemostasis when the 
neovascular membrane is grasped and delivered 
through the retinotomy. The membrane usually has 
to be loosened gently from its surrounding attach­
ments. If the retinotomy is small it is unnecessary 
to perform fluid/air exchange or to apply retino­
pexy. Both may be necessary if the retinotomy is 
exceptionally large. 

When the surgery is primarily to remove sub­
macular haemorrhage the approach is similar. Even 
if blood clots are present they can usually be deliv­
ered quite easily through a small retinotomy and it 
is not necessary to use lytic agents. When blood has 
been removed it is sOffi<~times possible to identify 
the causative subretinal membrane which can then 
be removed. 



Pars Plana Vitrectomy for other 
Conditions without RRD 

• Dislocated lens fragments 
• Intraocular foreign bodies 
• Posterior perforating injuries 

• Uveitis 
• Endophthalmitis 
• Malignant glaucoma 

• Lymphoma 
• Amyloidosis 

Introduction 

Pars plana vitrectomy may be indicated for a wide 
spectrum of other conditions; the main ones are dis­
located lenses, intraocular foreign bodies, the man­
agement of posterior penetrating injury, uveitis and 
endophthalmitis, malignant glaucoma, lymphoma 
and amyloidosis. 

Dislocated Lens Fragments 

Previously, the dislocation either of the crystalline 
lens or of an intraocular lens was likely to have been 
caused by blunt trauma. However, in recent years 
dislocation of the lens has become a well-recognised 
complication of phacoemulsification. This is a rare 
complication and is more likely to occur during the 

learning phase of phaco-surgery. The amount of 
lens material lost into the vitreous may vary con­
siderably from just a few pieces of nucleus or cortex 
to almost complete loss of the lens. 

Management. Minor fragments oflens may be left 
to absorb spontaneously from the vitreous cavity 
and do not need surgical treatment. If larger frag­
ments (roughly more than a third of the size of the 
lens) are lost then surgical removal will usually be 
necessary. All patients require close follow-up to 
monitor complications. 

Vitreous Surgery 

The main indications for vitreous surgery are the 
complications of: 

• Glaucoma 
• Uveitis 
• Large residual fragments. 

Glaucoma often begins with mildly elevated intra­
ocular pressure. Initially, topical hypotensive and 
anti-inflammatory drops combined with systemic 
acetazolamide are effective. However, the control 
often escapes suddenly, and the patient develops 
high pressure which is unresponsive to maximum 
medical therapy. 

Glaucoma or uveitis may lead to corneal oedema 
and striate keratopathy and the media further 
obscured by lens matter in the pupillary area and 
vitreous. Urgent vitrectomy to remove intraocular 
lens fragments and clear the vitreous is required. 
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mall fragments of 'lost' lens material may be 
left alone 

Ultrasound examination can give information on 
the size and location of the lens fragment (Fig. 20.1). 
Lenses which have been dislocated for as long as 
2-3 weeks show widespread coarse echoes in the 
vitreous cavity as a result of vitritis. The lens frag­
ments gravitate to the inferior vitreous base and 
swell rapidly. 

The timing of vitreous surgery is controversial. 
The presence of glaucoma and uveitis indicates 
urgent surgery (within a few days) whereas in a 
quiet uncomplicated eye there is no particular 
urgency and surgery may be delayed for up to 2-3 
weeks. However, it is unlikely that very large frag­
ments will be absorbed spontaneously without the 
advent of complications and we therefore favour 
removal in these cases. 

Removal of Lens Fragments 

This can be achieved: 

• Bi-manually, using the light pipe and vitreous 
cutter 

• By using heavy liquids to deliver the fragments 
via a corneal or limbal section 

• By use of ultrasound fragmentation in the 
vitreous cavity. 
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Lens fragments from the vitreous cavity can be 
removed by a combination of vitrectomy, the use of 
heavy liquids, and ultrasound fragmentation. 

Excessive manipulation close to the retinal 
surface is inadvisable. Lens fragments should be 
lifted by gentle aspiration using the vitreous cutter. 
Once the lens matter is engaged by the vitreous 
cutter, the light pipe can then be used to 'force feed' 
the cutter and mechanically to break up the lens 
fragments. Relatively large fragments of lens can be 
removed slowly using this bi-manual technique 
especially if- the lens has had sufficient time to 
hydrate. 

When the nuclear fragment is large, it may be 
impossible to break it up in this way. Large frag­
ments may require the use of heavy liquid to float 
them into the anterior segment, and deliver via a 
limbal or corneal section. Heavy liquid should only 
be used after posterior vitreous detachment has 
been induced and vitrectomy performed, otherwise 
lens remnants can be caught up in the vitreous 
cortex on its passage upwards towards the pupil and 
result in retinal breaks. 

If an intraocular lens is present surgery is ham­
pered as the exit of the lens via the pupil is pre­
vented. The options are to remove the intraocular 
lens or to fragment the lens remnant in the vitreous 
cavity. If the latter method is favoured the posterior 
hyaloid needs to be detached and removed prior to 
activation of ultrasound fragmentation. The probes 
are designed to fragment and not to cut vitreous 
fibres. Traction from the ultrasound probe on an 
incompletely detached gel may cause retinal breaks 

/ \" / Optic nerve 
I ' / 
l 

Dropped nucleus 
with sculpted 
grooves 

Fig. 20.1. Ultrasound to show dislocated nuclear fragment. 



Intraocular Foreign Bodies 

which, if unrecognised will lead to retinal detach­
ment in the post-operative period. 

After removal of the lens fragment, a secondary 
intraocular lens implant can be inserted. Where 
there is sufficient capsule remaining a sulcus fixated 
posterior chamber intraocular lens can be used. 
When anterior chamber lenses are used, peripheral 
iridectomies are necessary, even though there is no 
vitreous present as the optic of the intraocular lens 
can block the pupil, causing iris bombe and angle 
closure glaucoma. If retained lens fragments have 
been complicated by uveitis or glaucoma, then it is 
better to let the eye settle and perform a secondary 
intraocular lens implantation at a later date. 

Advice to Cataract Surgeons when Lens 
Fragments are Lost During Surgery 

The advice given will depend upon the size of the 
fragment that has been lost. If the fragment is small, 
then the cataract surgeon may proceed with intra­
ocular lens implantation. However, if the fragment is 
large, implantation is not advised as this may impair 
subsequent surgical removal of the lost fragment. 

Aspiration of lens fragments may cause breaks 
if there is no posterior vitreous detachment 

Cataract surgeons should be strongly advised 
against attempting to retrieve lost fragments from 
the posterior segment as manipulation of the vitre­
ous via the anterior segment may induce retinal 
break formation and retinal detachment. 

Removal of Dislocated Intraocular Lenses 

Removal of dislocated intraocular lenses should be 
preceded by a vitrectomy. If not, the use of instru­
ments inside an eye with an incomplete vitreous 
detachment runs the risk of vitreo-retinal traction 
and retinal break formation. Subsequent to vitrec­
tomy the haptic of the lens can be grasped with 
intraocular forceps. However, foldable plate-haptic 
lenses can be quite difficult to grip. Intraocular 
lenses have to be delivered into the anterior 
chamber and removed via a corneal or limbal inci-
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sion. It is necessary to clear the pupil of residual 
capsular remnants to facilitate this delivery. 

Intraocular Foreign Bodies 

Pre-operative Investigations 

Any patient with a history suggesting the possibility 
of a metallic intraocular foreign body (e.g. from use 
of a hammer and chisel) should have a plain X-ray 
to establish the diagnosis. The radiograph taken 
with the eye up and eye down, and with the eye 
looking left and right, gives some indication of the 
location of the intraocular foreign body in relation 
to the axis or rotation of the eye. A careful fun­
doscopy should be carried out to determine the 
position of the foreign body. If the view of the 
fundus is obscured by opacities in the media (e.g. 
vitreous haemorrhage or cataract formation) it is 
necessary to proceed to further special investiga­
tions. Ultrasonography will give valuable informa­
tion on associated injury, such as suprachoroidal 
haemorrhage, and vitreous incarceration. When the 
intraocular foreign body is non radio-opaque, and 
the fundal view is obscured, it may be detected by 
ultrasonography. However, this method may be 
unreliable for small foreign bodies situated imme­
diately behind the lens-iris diaphragm. When the 
foreign body is metallic a CT scan gives the best 
information, as to whether the foreign body is 
within the eye, impacted within the eye wall, or 
outside the eye. Nuclear magnetic resonance scan­
ning is helpful if it known with certainty that the 
foreign body is non-ferrous. 

Timing of Surgery 

All recently sustained intraocular foreign bodies 
(IOFBs) should be regarded as a potential source of 
infective endophthalmitis and surgical removal 
should be effected as soon as possible (within 
24 hours). Any patient having a corneal or scleral 
repair when an IOFB is retained which cannot be 
removed at the time of surgery should have prophy­
lactic intravitreal antibiotics (vancomycin 2 mg and 
ceftazidime 2 mg) In some cases perforation may 
have been as a result of an injury occurring weeks or 
even months prior to presentation. In these cases 
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there is little urgency to effect removal and surgery 
may be performed at any convenient time. Some 
foreign bodies (e.g. glass and aluminium) are non­
toxic and may be safely left in eyes which are 
otherwise stable. 

Surgery of Eyes with an IOFB 

The objectives of surgery are: 

• The prevention of endophthalmitis (recent 
IOFB) 

• The prevention of the toxic effects of the foreign 
body material (particularly iron and copper) 

• The removal of opacities in the media if present 
(e.g. lens debris and vitreous haemorrhage) 

• The prevention of subsequent complications 
such as retinal detachment by the detection and 
sealing of any retinal breaks. 

Surgery should begin with the closure of the entry 
site in the cornea or sclera if this has not self-sealed. 

IOFBs may cause endophthalmitis 
Early surgery reduces risk 

Where the fundal view is good, and a ferrous small 
magnetic foreign body can be seen to lie in the vitre­
ous cavity, then extraction with a giant magnet is an 
acceptable approach. If a foreign body is impacted in 
retina or if the IOFB is non-ferrous, a PPV is necess­
ary. There are a variety of intraocular forceps, which 
may be employed, to grasp and remove the intra­
ocular foreign body. If the shape and the size of 
some foreign bodies do not allow their removal by 
forceps, then a snare with a nylon lasso may be used. 

When the foreign body is delivered through the 
pars plana sclerotomy port, a suitably large sclero­
tomy needs to be made. (The sclerotomy will be 
larger than suspected as it is very undesirable to get 
the forceps with the foreign body stuck in the scle­
rotomy. This may result in dropping of the foreign 
body which will have to be recovered again from the 
posterior retina). The lips of the sclerotomy should 
be parted, before the forceps or snares are with­
drawn. However, it is not necessary to make a large 
choriodotomy, as the choroid is elastic and will 
often stretch to allow exit of relatively large intra-

Pars Plana Vitrectomy for other Conditions without RRD 

ocular foreign bodies. This applies to both magnetic 
and forcep removal of foreign bodies. 

The posterior penetrating wound, impact and any 
ricochet sites should all be surrounded by endo-Iaser. 
These eyes are already primed to develop PVR and 
cryotherapy should be avoided. Where there are large 
retinal breaks associated with retina detachment, a 
fluid/gas or fluid/oil exchange is carried out. 

Intravitreal antibiotics should be used routinely 
as prophylaxis against infective endophthalmitis. 

Further posterior segment surgery is sometimes 
required, to deal with subsequent retinal detach­
ment or macular pucker. 

The surgical sequence 

• Closure of perforating wound 
• Giant magnet for mid vitreous IOFB 
• Vitrectomy for impacted IOFB 
• Identify and treat retinal impact and rico­

chet site with endo-laser 
• Use of internal tamponade 
• Prophylactic intravitreal antibiotics 

Posterior Penetrating Injury 

There is a huge variation in the complexity of cases. 
This variation is mainly related to the way in which 
the perforation has been sustained and whether or 
not there is a retained intraocular foreign body. If 
not, small self-sealing wounds do not need further 
surgery particularly if the ocular media is clear so 
that the fundus can be regularly observed. If a 
foreign body has been retained within the eye the 
amount of intraocular damage will depend upon its 
size and constituency. Large foreign bodies either 
metallic or non-metallic may cause huge destruction 
and the prognosis for these cases is bad. Surgery 
aims to remove as much of the vitreous as possible 
and particularly the posterior hyaloid which might 
act as scaffolding for subsequent PVR change within 
the eye. The timing of surgery takes into account the 
following: 

1. Early surgery is technically difficult - in par­
ticular the collapsed globe makes the risk of 
intraocular haemorrhage more likely. 



Posterior Penetrating Injury 

2. The majority of posterior perforating trauma 
occurs in young people when there is little 
chance of pre-existing posterior vitreous de­
tachment. Operating on eyes with completely 
attached gel is difficult. 

3. Delay in surgery carries the risk of intraocular 
infection. 

Surgical Planning 

• IOFB removal 
• Primary repair 
• Secondary vitreous surgery. 

As already described, early removal of an intraocu­
lar foreign body is necessary to prevent infection 
and, at this time, complete removal of vitreous may 
be impossible due to very adherent gel in what is 
likely to be a relatively young eye. 

Surgical planning 

• Primary repair (with or without IOFB 
removal) 

• PPY after 2-3 weeks if media are cloudy 

In the absence of an IOFB primary repair of the 
scleral laceration (including the cornea if it is 
involved) should be performed and should include 
excision of any exteriorised uveal tissue. The scleral 
wound is then closed with non-absorbable suture 
material and prophylactic antibiotic injections into 
the vitreous cavity carried out. In these cases early 
vitrectomy is not indicated. It is technically difficult 
particularly in the presence of a hypotonic globe 
and the risk of intraocular haemorrhage is high. 
It is better to wait 1-2 weeks from the time of the 
perforation to give the gel a chance to detach. If the 
retina has not detached there will be no afferent 
pupillary defect and patients will project light accu­
rately. After primary repair the patient should be 
monitored with serial ultrasonography if the media 
are opaque. When vitreous detachment is detected, 
secondary vitreous surgery is advised to remove 
residual opacity such as vitreous haemorrhage and 
lens remnant combined with complete removal of 
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the posterior hyaloid. There is little point in further 
surgery if there is no perception of light. This 
surgery will generally be carried out approximately 
two weeks from the time of the scleral repair. Delay 
beyond this time will allow fibrovascular ingrowth 
from the perforation site and combined with 
retinal breaks which may have formed at the time 
of injury will rapidly produce retinal detach­
ment complicated by severe PVR. If retinal 
detachment occurs following penetrating injury 
it will often be complicated by PVR and mul­
tiple procedures may be necessary to achieve 
reattachment. 

If the media remain clear following primary 
scleral repair, the integrity of the posterior segment 
can be checked regularly with fundoscopy. Under 
these circumstances, secondary surgery may not be 
necessary particularly if there is no sign of retinal 
breaks or of retinal detachment. 

Special Note 

Sympathetic ophthalmitis remains a rare but occa­
sional complication of posterior penetrating injury. 

Uveitis 

Vitreo-retinal surgery has an occasional role to play 
in the investigation and therapy of non-infective 
intraocular inflammatory disease. Surgical indica­
tions are: 

• Therapeutic: 
1. Removal of vitreous opacities (haemorrhage 

or inflammatory debris) 
11. Removal of epimacular membranes 
Ill. Repair of RRD or TRD 

• Diagnostic. 

Therapeutic 

Posterior uveitis is usually managed medically and 
although in CMY retinitis this may involve intra­
vitreal implantation vitreous surgery has a limited 
role. It is usually confined to cases of uveitis com­
plicated by vitreous opacity or those in which the 
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inflammatory disease has been complicated by sur­
gical vitreo-retinal disease such as retinal detach­
ment or macular pucker. Vitreous opacities are 
those which will not clear, either spontaneously or 
with medical treatment, or in those patients in 
whom medical treatment has become intolerable, 
e.g. the side effects from the use of systemic 
steroids. The incidence of RRD associated with 
eMV retinitis has markedly reduced since the 
advent of triple therapy. 

Vitreous Opacities 

A guarded prognosis should be given when the 
removal of vitreous opacities is contemplated 
because of the possibility of co-existing macular 
disease (e.g. oedema or ischaemia) even if previ­
ously unrecognised. Vitrectomy also offers the 
opportunity to clear the anterior segment of 
residual opacities (e.g. lens or capsular remnants 
with posterior synechiae) which will not only help 
improve vision but will allow visualisation of the 
posterior pole and help monitor posterior segment 
disease. 

Vitreous haemorrhage is unusual in uveitis and is 
usually consequent to new vessel formation sec­
ondary to the inflammatory process (e.g. in sarcoido­
sis). Vitreous opacities are more likely to be due to 
the progressive accumulation of inflammatory debris 
consequent to the inflammatory process. 

Surgical Note 

The occurrence of haemorrhage and inflammatory 
changes in the vitreous cavity often lead to con­
siderable variation in the extent and nature of the 
posterior vitreous detachment especially as these 
patients are usually young. Residual vitreo-retinal 
attachments may be quite firm and removal at 
surgery may be difficult risking haemorrhage and 
retinal break formation. 

Epimacular Membranes 

Epimacular membranes may develop as a result of 
chronic posterior segment inflammation. These 
membranes are usually thicker and more adherent 
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than the simple glial membranes of idiopathic 
macular pucker. Visual results following surgery are 
more disappointing than the surgery of simple 
membranes because of coincidental macular disease 
(e.g. oedema or ischaemia) and there is also a higher 
incidence of recurrence of the membrane. 

Rhegmatogenous R,etinal Detachment 

RRD occurs in a variety of ways when in association 
with posterior uveitis (see p. 55). In these cases 
vitrectomy is usually the chosen method of ap­
proach as it is not common for breaks to be suf­
ficiently 'simple' to be treated with conventional 
buckling procedures. Vitrectomy with removal of 
vitreous opacities facilitates the detection and locali­
sation of these breaks and will also allow dissection 
of TRD if it is present. The repair of detachment in 
these cases is sometimes technically difficult and the 
prognosis is uncertain. 

Diagnostic 

Removal of vitreous material may assist in diag­
nosis. Microbiology, virology, cytology or histo­
pathology are all useful, e.g. to distinguish infective 
or malignant infiltration from sterile uveitis. 

Infective Endophthalmitis 

Endophthalmitis may be endogenous or exogenous 
and the causative agents can be viral, bacterial or 
fungal. 

Exogenous bacterial endophthalmitis 

This is usually encountered following cataract 
surgery, although it may occur following other 
forms of intraocular surgery. Any patient suspected 
of an intraocular infection (presenting with pain 
and accumulation of cells in the anterior chamber 
and vitreous) should be treated as a surgical emer­
gency. This requires urgent (same day) vitreous 
biopsy and intravitreal antibiotics. 



Infective Endophthalmitis 

If treatment is delayed, the infection may result in 
irreversible damage to the retina with subsequent 
profound reduction of visual acuity. Subconjunctival 
and systemic antibiotics are not appropriate means 
to deal with this condition as the intraocular pene­
tration of antibiotics administered via these routes 
is insufficient to cope with an established intra­
ocular infection. 

The management of infective endophthalmitis 
following cataract surgery has two imperatives: 

• To identify the causative organism 
• To deliver antibiotics intraocularly at a sufficient 

dose to control the infection. 

Vitreous Biopsies for Endophthalmitis 

Vitreous biopsies should be performed using a 
vitreous cutter as this obviates against the risk of 
complications following needle aspiration (vitreous 
getting caught in a needle and causing retinal 
breaks). The procedure is performed under local 
anaesthesia (a sub-Tenon infiltration with 2% lig­
nocaine). A single pars plana sclerotomy can be 
fashioned temporally and a 20-gauge unprimed 
vitreous cutter inserted into the anterior vitreous. 
Up to 0.5 ml of fluid should be removed. Whilst the 
vitreous sample is being removed, gentle pressure 
using a squint hook at the equator can maintain 
intraocular pressure. The tip of the vitrectomy 
cutter should be visible at all times. When the 
vitreous sample has been collected the cutter is 
withdrawn. Intravitreal antibiotics are then injected 
via the sclerotomy port using a 25-gauge half-inch 
needle. Our current preference is to use 2 mg of 
vancomycin and 2 mg of ceftazidime, both of which 
are constituted to 0.2 ml. The tip of the needle 
should be observed through the pupil to be in the 
anterior third of the vitreous. After antibiotic 
injection the sclerotomy port is closed. 

The dosage of other intravitreal antibiotics which 
are used is: cefuroxime, 2.5 mg; teicoplanin, 1 mg; 
ciprofloxacin, 0.2 mg; amphotericin, 5-10 Ilg; benzyl­
penicillin, 1.2 mg. In the great majority of cases a 
simple vitreous biopsy and injection of antibiotics is 
all that is necessary to resolve the infection and over 
the following weeks and months there is progressive 
clearance of the vitreous cavity. If treatment has been 
prompt then usually there will be excellent restoration 
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of central vision. Occasionally, when vitreous debris 
is unusually extensive a secondary vitrectomy 
performed some weeks or months later can be 
performed. 

Infective Endogenous Endophthalmitis 

This condition is rare and is caused as a result of 
blood-borne spread by organisms entering the 
eye via the retinal and uveal blood vessels. It may 
be: 

l. Bacterial 
2. Fungal 
3. Viral 

Bacterial Endophthalmitis 

Bacterial infection is most unusual, but in cases of 
some organisms (e.g. streptococci) may be par­
ticularly severe and lead to rapid destruction of the 
eye. Endogenous bacterial endophthalmitis should 
be borne in mind when considering a differential 
diagnosis of an otherwise fit person with uni­
lateral uveitis. The source of the infection must 
be sought. 

Fungal Endophthalmitis 

Fungal endophthalmitis is nearly always caused by 
Candida albicans. The main causes of intraocular 
candidiasis are: 

• Direct injection into the blood stream as a result 
of candida-contaminated lemon juice used as a 
heroin diluent by intravenous drug users 

• As a consequence of the more prolonged can­
didaemia derived from the tip of an indwelling 
parenteral line in those whose general condition 
has demanded the use of the use of these lines 
(e.g. for post-operative intensive care). 

The growth of this commensal organism usually on 
the tip of the intravenous line is promoted by the 
administration of large doses of systemic antibiotics 
enhancing the growth of a usually harmless 
commensal. Occasionally the cause of candida 
endophthalmitis cannot be identified. 
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The eye appears to be particularly vulnerable as 
other organs are only rarely affected. In drug 
abusers the patient usually presents with blurring 
and pain in one or both eyes associated with pro­
nounced vitritis and anterior uveitis. If infection has 
followed the use of an indwelling line the onset is 
usually more insidious and the condition more 
likely to be bilateral. In both situations the clinical 
picture varies from a few yellow-white infiltrates of 
the retina (which may lead to profound loss of 
central vision if occurring at the macula), with rela­
tively little reaction in the vitreous cavity to one 
involving a severe inflammatory response. In the 
latter, characteristic puffballs are seen within the 
vitreous cavity and they are loosely connected by 
inflammatory strands (giving a string of pearls 
appearance). Progressive enlargement of a fungal 
mass from the retina or disc will become adherent 
to a contracting posterior hyaloid face and result in 
traction upon the retina causing macular pucker, 
and traction retinal detachment. The clinical picture 
is usually typical and the diagnosis established by 
microscopy and culture of vitreous material (the 
organism is usually distributed sparsely and may be 
difficult to find). 

Treatment 

Intravitreal amphotericin (5-10 /Lg) may be used in 
very mild cases of vitritis and systemic anti-fungal 
agents (flucytosine 10 g per day and fluconazole 
200 mg per day for 2 weeks) are also given. When 
the vitreous is heavily involved or tractional systems 
on the retina are threatened then PPV is indicated. 
This will usually be the course to be recommended 
in young addicts to try to stop macular pucker and 
TRD from developing but also because of the like­
lihood of non-attendance of this group of patients. 
Vitrectomy may be quite difficult in these young 
patients as PVD will not be well established and 
there may be close adherence of the posterior 
hyaloid to foci of infected tissue growing forward 
from the retina. Haemorrhage is a risk. 

Endogenous Viral Infections 

Some forms of infection are more likely in the 
immuno-compromised patient (such as viral 

Pars Plana Vitrectomy for other Conditions without RRD 

inflammation with varicella and cytomegalovirus) 
but immuno-suppression is not always a pre­
requisite. The range potential of the infective agents 
is wide and sometimes the clinical picture can be 
confusing. Viral infections may affect seemingly 
perfectly healthy individuals and may present with 
focal chorioretinitis or as acute retinal necrosis. In 
these conditions vitreous biopsy to identify a causal 
agent may aid the medical treatment of these 
patients. 

Malignant Glaucoma 

Malignant glaucoma is a rare condition and is diag­
nosed when raised intraocular pressure is combined 
with angle closure, a shallow anterior chamber and a 
patent peripheral iridectomy. This usually occurs 
after trabeculectomy in phakic and occasionally in 
pseudophakic eyes. The anterior chamber may 
deepen using medical treatment including atropine 
eye drops and systemic acetazolamide. If medical 
treatment fails, or malignant glaucoma develops 
again after stopping atropine drops, then vitrectomy 
is indicated. In phakic eyes, cataract extraction alone 
will not be effective. The aqueous is thought to be 
directed posteriorly and the aim of surgical treat­
ment is to remove the anterior vitreous including 
the anterior hyaloid face. At the time of vitrectomy, 
a bi-manual technique with deep indentation is 
used to remove the peripheral anterior gel over the 
zonules as well as behind the crystalline or intra­
ocular lens. A peripheral iris sweep should be carried 
out to break down an extensive peripheral anterior 
synechiae. 

Lymphoma 

Vitrectomy is useful to establish the diagnosis of 
lymphoma. The yield from biopsy is often low as the 
lymphocytes are scanty and prone to autolysis and 
therefore PPV collecting as much material as poss­
ible and spinning down the washings offers the best 



Amyloidosis 

chance of diagnosis. The vitreous sample should be 
processed directly in order to maximise the yield. 
Where there is a discrete patch of choroiditis, an 
alternative approach is trans-scleral choroidal 
biopsy though this is rarely performed. In a blind 
eye, excision might be considered to establish tissue 
diagnosis which may be helpful for the appropriate 
treatment of the fellow eye. 
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Amyloidosis 

Ocular amyloidosis is very rare in the UK but a great 
deal less so in some northern European countries. 
There is a non-cellular but characteristic veil-like 
appearance of the vitreous, which may become 
opaque and need removal by PPV. 
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