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PREFACE

Exfoliation syndrome and exfoliation glaucoma are common in
patients in Northern Greece with cataract, or open angle
glaucoma. The management of these patients is problematic.
This has prompted the author’s interest in the disorder

providing the motivation for this investigation.

This thesis is presented in two parts. Part I deals with
morphological studies on the exfoliation syndrome. First,

a critical review of the history, pathology, nature, origin,
pathogenesis, epidemiology, clinical features and management of
the disorder is presented. This is followed by the description
and discussion of conventional morphological and

immunocytochemical studies.

In Part II two clinical studies have been conducted. First,
Scottish surgical patients were investigated prospectively,
both clinically and morphologically, in order to ascertain the
"true" prevalence of exfoliation glaucoma in this population
and highlight differences between this disorder and primary
open angle glaucoma. Second, a prospective randomised study
has investigated the effect of varying the position of the
trabeculectomy fistula on the incidence of postoperative
hyphaema. The results are discussed and suggestions for future

studies are outlined.

XII



SUMMARY

Exfoliation syndrome may be defined as a condition in which
there is a characteristic clinical pattern of deposition of
fine white granular material upon and within ocular and orbital
tissues. Morphologically, exfoliation material comprises
randomly orientated fibrillar aggregates with the staining and
ultrastructural characteristics of a protein. The origin and
structure of this protein (exfoliation material) are uncertain.
Exfoliation syndrome is a common, but poorly understood cause

of glaucoma worldwide.

Iris tissue samples from 100 patients operated upon for open
angle glaucoma and 31 control subjects with closed angle
glaucoma have been subjected to light and electron microscopy.
This aimed at establishing a definitive diagnosis for the
clinical study described below. Ostensibly normal iris vessels
were found close to other vessels with intense perivascular
aggregation of exfoliation material. Foci of exfoliation
material in the iris stroma exhibited a pattern consistent with
’ghost vessels’. A diffuse distribution would have been
anticipated if passive deposition of exfoliation material had

taken place.

Collagen types I-V and laminin were sought in 16 normal and 20
exfoliative specimens of iris and/or trabecular meshwork, by
means of ultrastructural immunogold localisation. Collagen
types I-V were not present in the exfoliation material. 1In
this study the glycoprotein laminin has been identified, for
the first time, as an integral component of the exfoliation

material. The vascular matrices of exfoliative iris exhibited

XIIT



increased amounts of collagen types I and IV in less affected
vessels. Depletion of collagen types I, IV and laminin was

noted in severely affected vessels.

In part II of this thesis the results of two prospective
studies are presented. The first investigated the prevalence
and clinical characteristics of exfoliation glaucoma. Surgical
patients with open angle glaucoma were divided by clinical
examination into 3 groups: definite exfoliation (22); possible
exfoliation (18) and no exfoliation (60). Subsequent
morphological assessment delineated two definitive groups:
exfoliation glaucoma (26) and primary open angle glaucoma (74).
Exfoliétion glaucoma patients more frequently had higher
untreated IOP at diagnosis, shorter duration of medical
therapy, higher treated IOP before surgery and were operated
upon more often for high IOP. They also exhibited
significantly lower IOP postoperatively compared with age-

matched primary open angle glaucoma patients.

The second study was performed upon 78 patients and

studied the effect of varying the position of a surgical
fistula upon the incidence of postoperative hyphaema. This
study confirmed that by fashioning the fistula entirely in
corneal tissue the incidence and severity of postoperative
bleeding is reduced resulting in shorter hospital stay. The
incidence of postoperative hyphaema was lower in the
exfoliation glaucoma group, but not significantly so. Neither
the type of dissection, nor the occurence of hyphaema

influenced the IOP at 4 months following surgery.
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PART 1 MORPHOLOGICAL STUDIES ON THE EXFOLIATION S8YNDROME
CHAPTER 1 LITERATURE REVIEW ON THE EXFOLIATION SYNDROME

Generai introduction

Exfoliation syndrome may be defined as a discrete clinical
entity characterised by the production and deposition of
fine white granular material, (exfoliation material), upon
and within ocular and orbital tissues. The clinical
diagnosis of exfoliation syndrome is based on the incidental
finding of ‘dandruff-like‘' material upon the pupillary
margin, or ‘sugar frosting' of the anterior lens capsule.
Sight threatening glaucoma and the development of cataract
are common (Bertelsen 1966, Jerndal 1986). The socio-
economic importance of this age-related disorder is likely to
increase due to the increasing life expectancy in Western

societies where the disease is most prevalent.
1.1 History and nomenclature
1.1.1 History

The early literature has been reviewed by Sunde (1956) and
Tarkkanen (1962). The following description outlines the
various stages of development in the understanding of the

disorder.

Differences of opinion on the disorder
From the historical point of view, exfoliation syndrome is

one of the most controversial subjects in ophthalmic



literature. In their review article in 1973, Layden &
Shaffer asserted that ’exfoliation syndrome is a leader
amongst the topics in ophthalmology that undergo constant
appraisal as to terminology, pathogenesis and clinical
implications’. From the clinical standpoint, controversy has
arisen concerning both the epidemiological and the clinical
features of the condition (Jerndal 1986, Forsius 1988). Even
the nomenclature of exfoliation syndrome remains debatable.
Another problem has been that anecdotal findings reported by

eminent ophthalmologists have been accorded undue weight.

The first accounts

The Finnish ophthalmologist Lindberg is credited as having
been the first author to describe the clinical presence of
exfoliation material. In 1917 he found ’‘small greyish-white,
or bluish-grey flakes which originate from the edge of the
pupillary margin’ in the iris of 30 out of 60 patients with
glaucoma, examined as part of his doctoral thesis work in
Petersburg. Lindberg thought these flakes were ‘old
inflammatory exudates’. 1In 1923, the Norwegian, Malling
observed 33 cases with ’‘greyish-white formations on the
anterior surface of the lens’ and assumed that these arose as

a ’‘membrane-like exudate on the surface of the lens’.

In 1925, Vogt provided the first detailed clinical
description of the disorder and accorded the name
’superficial exfoliation of the anterior capsule of the
lens’. He was the first to implicate exfoliation material as
the underlying cause for a secondary glaucoma and to suggest

that exfoliation glaucoma had a worse prognosis than primary



open angle glaucoma (POAG), (Vogt 1930a).

Busacca (1927) was the first author to provide a
morphological account and exfoliation material was
subsequently referred to by some authors as ‘Busacca’s
deposits’ (Sobhy Bey 1932, Sunde 1956). Trantas (1929) was
the first to suggest that the condition was a more
generalised disorder affecting all the ’‘hyaline membranes’ of
the eye. Malling (1938) proposed a vascular aetiology for

the ’‘atrophic exfoliative-depigmentation phenomenon’.

The first British cases of exfoliation syndrome and glaucoma
were reported by Goulden (1925) and Foster (1933). Goulden
(1925) presented a 63 year old female with ’‘rupture of the

zonular lamella complicating ordinary senile cataract’.

Further developments

The publication of an important paper by Dvorak-Theobald
(1954) revised the views of many ophthalmologists that
exfoliation syndrome is a disorder of the lens capsule.
Dvorak-Theobald provided histological evidence that
contradicted Vogt’s theory and came to the conclusion that
exfoliation material was a deposit on the lens. She
introduced the term ’pseudoexfoliation of the lens capsule’
to stress the unknown origin of the exfoliative aggregates
and to differentiate the condition from ‘true exfoliation of
the lens capsule’. The latter may rarely be found in
patients exposed to prolonged and excessive heat (i.e.
glass-blowers). Blackstad and coworkers (1960) conducted the

first ultrastructural study of the exfoliation material.



Detailed accounts of the clinical picture of the condition
have been provided, among others, by Hérven (1937), Orgen
(1949), HOrven (1966) and Sugar (1984). Barkan (1936) first
identified flakes of exfoliation material by gonioscopy.
Gradle & Sugar (1940) were the first to draw attention to the
pigmentary changes in the disorder. 1Irvine (1940) was the
first to study two different ethnic populations and to
recognise varied ethnic prevalences. Tarkkanen (1962)
carried out the first clinical study on 418 patients with
exfoliation syndrome/glaucoma. He established that
dilatation of the pupil, using mydriatics, is essential for
the diagnosis of the condition. A characteristic gonioscopic
feature of the exfoliation syndrome, termed Sampaolesi’s line
(defined in section 1.9), has been documented by Sampaolesi
(1959). Vannas (1969) first demonstrated striking vascular
abnormalities in affected eyes by employing fluorescein
angiography of the iris. Bartholomew (1971) demonstrated an

early ’‘pre-granular’ stage in the evolution of the disorder.

1.1.2 Nomenclature

The condition was first referred to both as senile
exfoliation of the lens capsule and as ’‘exfoliatio
superficialis capsulae anterioris’ by Vogt (1925). The term
pseudoexfoliation syndrome has somehow evolved from this term
to accommodate the full clinical picture of the condition.
Bertelsen and coworkers (1964) have proposed the term
fibrillopathia epitheliocapsularis. The term exfoliation
syndrome was originally put forward by Sunde (1956).

Pseudoexfoliative fibrillopathy (Streeten et al 1990) is yet



another term which has recently been coined. Nowadays, as
there is evidence of multifocal aggregation and possibly
origin, a retreat to the simple designation exfoliation

syndrome is gaining popularity (Garner 1990).

None of the terms used in the literature is satisfactory
because they each simply describe a specific pathological
feature of the condition and, on the basis of current
information, are obsolete. The terms exfoliation
syndrome/glaucoma are used throughout this thesis in
preference to the terms pseudoexfoliation syndrome/glaucoma
because there is no current need to distinguish the condition
from ’‘true exfoliation of the lens’, a condition which is
rare and does not cause glaucoma. It has also been shown
that true exfoliation of the lens capsule does occur in a
number of patients with the condition (Jerndal 1986).
Clearly there is a need for a uniform terminology for this

condition.

1.2 Pathology of exfoliation syndrome

The motivation for the morphological studies was to identify
the nature and source of exfoliation substance. The
appropriate literature is discussed in section 1.4.

1.2.1 Macroscopic appearance

Exfoliation syndrome may be difficult to recognize

macroscopically. It is seen on the anterior lens capsule in

two areas, a central disc (Figs 1.1 & 1.2) in the pupillary
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region and a band around the periphery, referred to as the
granular zone, (see section 1.7.2). The central disc
possesses a flat grey-whitish uniform appearance, which
sometimes is difficult to distinguish from the lens capsule.
In some cases the central disc may be conspicuous with a
clearly defined edge which is sometimes curled inwards (Fig
1.2). A far more reliable indicator for the presence of

exfoliation is the granular zone (Figs 1.3 & 1.4).

Feathery excrescences of exfoliation material are commonly
found along the posterior and less frequently along the
anterior surface of the iris (Vogt 1938a, HOrven 1966), (Fig
1.5). The ciliary processes (Fig 1.6) and the zonular fibres
are similarly coated (Trantas 1929, HOorven 1936). The
trabecular meshwork in affected eyes exhibits dense
pigmentation (Fig 1.7). The ’‘frosting’ of the ciliary body
and the zonules in the exfoliation syndrome is helpful in

establishing the diagnosis (Figs 1.6 & 1.8).

1.2.2 Light microscopic appearance

Exfoliation material is described as fluffy, fibrillar, or
fibrillogranular, eosinophilic, extracellular material,
forming tree-like structures (Sunde 1956, Tarkkanen 1962,
Larsen 1969, Duke-Elder 1969, Morrison & Green 1988), (Figs
1.9 & 1.10). The best descriptions offered in the literature
for the light microscopic (LM) appearance of exfoliation
aggregates are ’‘iron filings lining up on a magnet’ (Yanoff &
Fine 1989) and ’bush shaped’ accretions (Ringvold 1970a,

Morrison & Green 1988). Exfoliation aggregates on the
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central disc of the anterior lens capsule appear as sparse,
short ’vegetations’ whereas, on the granular zone they have a
tall broad bush-shaped appearance (Fig 1.10). Exfoliation
material has been shown to be loosely attached to the
anterior lens capsule, zonules and anterior vitreous face and
firmly adherent to the equatorial lens capsule, pigment
epithelium of the iris and the non-pigmented ciliary

epithelium (reviewed by Morrison & Green 1988).

Conjunctiva and cornea

LM has not revealed exfoliation material in the conjunctiva
(Layden & Shaffer 1974). Exfoliation material has been
reported to adhere to and even to be endocytosed by the
corneal endothelium (Dvorak-Theobald 1954). However, Sunde

(1956) did not detect exfoliation material on the cornea.

Trabecular meshwork

Dvorak-Theobald (1954) studied 3 enucleated eyes and found
exfoliation material both on the inner surface of the
trabecular meshwork and amongst the intertrabecular spaces.
Another study demonstrated exfoliation material around
Schlemm’s canal in all 4 cases of advanced exfoliation

glaucoma (Kurosawa et al 1983).

The iris

Sunde (1956) found exfoliation deposits in all 23 cases he
studied. The IM appearance of exfoliation deposits in the
iris (Fig 1.9) is similar to that in other affected tissues
and comprises aggregation of exfoliation material principally

in association with blood vessels (Ringvold 1969; 1970a;



1970c) and upon the pigment epithelium (H6rven 1937, Gifford
1957) and sporadically, within iris crypts in the anterior
border layer (Vogt 1925, Sunde 1956). Ringvold (1970c)
demonstrated exfoliation material in 113 out of 499 iris
vessels in 8 iridectomy specimens. The affected vessels
showed, in toluidine blue stained sections, exfoliation
material as a light blue material, unevenly distributed in
the normally unstained vascular matrix outside the vascular

cells).

Ciliary processes

Exfoliation material deposition on the ciliary processes has
been described in a number of studies (Bussaca 1928, Dvorak-
Theobald 1954, Larsen 1969, Sugar et al 1976, Morrison &
Green 1988). The ciliary processes are frequently coated
with feathery eosinophilic excrescences, which adhere firmly
to the underlying non-pigmented epithelium and its limiting

membrane (Fig 1.8).

Zonules

Zonular involvement in the exfoliation syndrome was
established in 1937 by Hérven, who felt that the ’‘zonular
changes are of constant nature and form an integral part of
the clinical picture of exfoliation’. Gradle & Sugar (1940)
and Dvorak-Theobald (1954) confirmed Hérven’s observations.
Gifford (1957) found an intimate association between
exfoliation material and the zonules whereas, the lens

capsule was ostensibly normal.
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The lens

Bussaca (1928) described vacuoles in the superficial and deep
layers of the lens capsule. Dvorak-Theobald (1954) and
others (Sunde 1956, Gifford 1957, HO6rven 1966) have noted
that in enucleated eyes exfoliation deposits can easily be
removed mechanically leaving behind a ‘normal’ lens capsule.
However, other investigators have provided evidence of
underlying alterations in the lens capsule in association
with the exfoliation syndrome namely an amorphous layer close
to the lens epithelium, which was not present in normal
controls (Bertelsen et al 1964, Dark et al 1969). Larsen
(1969) studied 100 autopsy eyes and found this amorphous
layer in all 12 eyes with the exfoliation syndrome and in
none amongst the controls. Gifford (1957) demonstrated
thickening of the anterior lens capsule in 2 out of 6 lenses.
’True exfoliation’ (peeling off) of the anterior layer of the
lens has also been observed (Gifford 1957, Dark et al 1977,

Morrison & Green 1988).

Other tissues

The anterior vitreous face may contain exfoliation deposits,
which appear as radial stripes (Sunde 1956, Larsen 1969).
Exfoliation material has not been detected by LM beyond the

boundaries of structures bathed by the aqueous.
1.2.3 Ultrastructural appearance
Electron microscopy (EM) has made it feasible to examine

exfoliation material in greater detail (Figs 1.11 & 1.12).

In the first transmission electron microscopic (TEM) study



Blackstad and coworkers (1960) described exfoliation material
as ‘heterogeneous deposits consisting of numerous fibres of
varying form and size that most often lie in accumulations

with ill-defined outlines’.

Several investigations have described exfoliation material
since Blackstad’s early study (including Ringvold 1969;
1970b, Rohen & Witmer 1972, Witmer & Rohen 1976, Dark et al
1977, Harnisch 1977, Davanger 1978; 1980, and Dark & Streeten
1990). The dominant ultrastructural feature of exfoliation
material is the presence of straight, or slightly bent
exfoliation fibres with blunt (Ringvold 1970b, Dark &
Streeten 1982), or split (Harnisch 1977) ends. The fibres
are randomly orientated (Ringvold 1969; 1970a, Seland 1988)
and electron-dense in nature (Dark et al 1977, Harnisch
1977). Their width has been reported to vary between 20-80
nm (Nishi et al 1976, Harnisch 1977, Takei & Mizuno 1978,
Seland 1979; 1988, Davanger 1980). Their length ranges
between 100 and 700 nm (Harnisch 1977, Shimizu 1985), but has
been reported to vary up to 5 microns (Davanger 1975).
Exfoliation fibres are most often identified by a distinctive
aggregation pattern resembling ’‘meshwork’ of randomly
distributed, incompletely separated fibres. Davanger (1980)
has suggested that the fibres may enlarge by the accumulation
of new material on their surface. To date, there is no
information in the literature concerning the effects of
conventional processing on the morphology of exfoliation
fibres. It is conceivable that fixation and osmication of
exfoliative tissues may influence considerably the morphology

and dimensions of exfoliation material.
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Periodicity

There is a lack of agreement as to the precise periodicity of
exfoliation material. Overall, exfoliation fibres have been
shown to display a major banding between 17-56 nm (Blackstad
et al 1960, Bertelsen et al 1964, Ringvold 1969, Davanger
1980, Garner & Alexander 1984, Dark & Streeten 1982, Roh et
al 1987) and a more inconsistent micro-periodicity of
approximately 4-10 nm (Takei & Mizuno 1978, Dark & Streeten
1982). Streeten and coworkers (1990) found considerable
variation in the structure of exfoliation fibres in different
ocular and extraocular sites. Exfoliation fibres were
divided into type A fibres (long, thin fibres up to 0.6
microns long) and type B fibres (short, thicker with
unspecified length). A periodicity of 20-25 nm was more
prominent on type A fibres, whereas type B fibres appeared to
contain an increased amount of densely osmiophilic coating.
Streeten and coworkers (1990) also observed that in the iris
stroma exfoliation fibres tended to be shorter and less

clearly banded, in comparison with the lenticular aggregates.

Other structural components

Two other structural components of exfoliation material have
been described (Davanger & Pedersen 1975, Davanger 1978;
1980a; 1980b). A filament with a uniform width of 10 nm and
a length up to 1 micron and an amorphous interfibrillar
matrix in which exfoliation fibres and filaments are
embedded. Davanger (1980a) employed lanthanum to enhance the
structural features. He hypothesised that the basic unit of
exfoliation material, the exfoliation fibril (fibre), may be

formed by lateral aggregation of these filaments.
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Ultrastructural distribution of exfoliation material

The distribution of exfoliation material and the associated
matrix changes are described in relation to the tissue

involved:

a) Conjunctiva

Exfoliation material was first localised in the conjunctival
stroma by Ringvold (1972). Subsequent reports have shown
that the involvement of the conjunctiva is a distinct feature
(Ringvold 1973c, Speakman & Ghosh 1976, Roh et al 1987,
Prince et al 1987, Streeten et al 1987; 1990). Ringvold
(1972; 1973c) observed exfoliation material as densely packed
aggregates which measured up to 22 microns across, consisted
of irregularly arranged exfoliative fibres and contained
elastic elements, collagen and some granular material.
Abundant exfoliation material deposits adjacent to
multilayered vascular basement membranes were also observed

(Ringvold 1972).

Speakman & Ghosh (1976) found exfoliation material in the
loose connective tissue of the conjunctiva, adjacent to the
endothelium of thin-walled lymphatics and occasionally in
close apposition to the walls of blood vessels. Roh and
coworkers (1987) found no evidence of exfoliation material
deposition near blood vessels but found ‘poorly orientated
microfibrils in close proximity to fibroblasts and
elastic/collagen fibres’. Streeten and coworkers (1987)
established a close relationship between exfoliation
aggregates and stromal fibroblasts and elastosis. 1In

contrast with previous studies they stated that ‘exfoliative

12



fibres did not appear to be specifically related to collagen

and exfoliative clumps did not contain visible collagen’.

The conflicting evidence on the exfoliative conjunctiva may
be attributable to a difference in the material employed;
Ringvold (1972) studied enucleated eyes, whereas, Roh et al
(1987) and Streeten et al (1987) studied small tissue samples
(i.e. conjunctival biopsies). Alternatively, the appearance
of exfoliation material within and adjacent to conjunctival
vascular basement membranes established by Ringvold (1972;
1973c) and Speakman & Ghosh (1976) may be a late phenomenon

in the evolution of the disease.

b) Cornea

In a study on the cornea from eyes with exfoliation syndrome
Sampaolesi and coworkers (1988) studied the accumulation of
pigment upon the corneal endothelium. They suggested that
the pigment seen biomicroscopically consisted of melanin
granules located close to the cell nucleus within the

endothelial cells.

c) Trabecular meshwork

In the first investigation on the exfoliation outflow system
Ringvold & Vegge (1971) noted exfoliation material in the
outflow system of 3 enucleated eyes. In the first eye with
normal intraocular pressure (IOP), exfoliation material was
present only in the inner intertrabecular spaces as clumps of
varying size and density, often touching the trabecular
endothelial cells. In the second eye, (with ocular

hypertension), exfoliation material was also found in

13



asymmetric vacuoles inside the endothelial lining of
Schlemm’s canal; within the cribriform layer and in the outer
walls of Schlemm’s canal. Most giant vacuoles appeared
empty, but significantly, some were filled with exfoliation
material. In the third eye, (which had exfoliation glaucoma
with bullous keratopathy), the amount of exfoliation material
was greater than in the other two eyes. The trabecular beams
were disorganised often lacking endothelial cells. 1In that
eye the endothelial lining of Schlemm’s canal showed areas of
marked thinning and the cribriform layer was packed with

exfoliation material. No giant vacuoles were seen.

Subsequent reports have demonstrated exfoliation material in
the uveal meshwork (Sampaolesi & Argento 1977, Kurosawa 1981,
Richardson & Epstein 1981), within the cribriform layer
(Benedikt & Roll 1979, Shimizu et al 1980, Kurosawa et al
1983, Ito & Inomata 1985, Lutjen-Drecoll et al 1986, Rohen &
Jikihara 1988) and in the outer wall of Schlemm’s canal
(Benedikt & Roll 1979, Kurosawa 1981, Kurosawa et al 1983).
Some, but not all, published studies have found that some of
the giant vacuoles in the lining endothelium of Schlemm’s
canal contain exfoliation material (Ringvold & Vegge 1971,
Benedikt & Roll 1979, Kurosawa 1981, Richardson & Epstein
1981, Dark & Streeten 1982). To date, only one study has
localised exfoliation material in the external collector
channels (Kurosawa et al 1983). Figure 1.12 illustrates an

aggregate of exfoliation material in the trabecular meshwork.

14



d) Iris

There are 14 TEM studies which report the ultrastructural
features of the exfoliative iris (Shakib et al 1965, Ringvold
1969; 1970a; 1970c; 1973a, Anastasi et al 1974, Ghosh &
Speakman 1974, Shimizu et al 1980, Ringvold & Davanger 1981,
Shimizu & Futa 1985, Shimizu 1985, Ito & Inomata 1985,
Spinelli et al 1985, Sugino 1990); (Fig 1.11). The
ultrastructural features of the exfoliative iris are the
subject of the first part of this thesis and the relevant

literature is discussed in sections 5.2.4 and 6.4.

e) Ciliary body

Shakib and coworkers (1965) were the first to describe the
ultrastructural changes of the exfoliative ciliary body based
on their observations in one enucleated eye. They found
exfoliation material in the surface convolutions and within
the basement membrane (internal limiting membrane) of the
non-pigmented ciliary epithelium. Exfoliation material was
not observed in the cytoplasm, or nuclei of intact cells. It
is interesting to note that in that study the pigmented and
the non-pigmented epithelial cells and the blood vessels (no
location given) were normal; no evidence of exfoliation

material was found in the perivascular tissue or stroma.

In a subsequent investigation Ghosh & Speakman (1973) studied
an eye enucleated for painful absolute glaucoma. They found
similar features, but also noted marked localised thickening
of the basement membrane of the non-pigmented ciliary
epithelium in places where exfoliation material had

accumulated. There were numerous uninvolved portions of the

15



basement membrane of the non-pigmented ciliary epithelium,
with abrupt transitions between diseased and exfoliation free
basement membrane. In their study the thickest most heavily
stained exfoliation fibres were located in the middle third
of the basement membrane. The inner third (i.e. the one in
direct communication with the posterior chamber) contained
only a few exfoliative fibres. This finding implies that
exfoliation material may be actively synthesised by the non-

pigmented epithelium of the ciliary body.

Davanger (1975) has provided the only SEM study of the

exfoliative ciliary body to date. He examined 3 enucleated
eyes to visualise ‘plaques’ of exfoliation material attached
to parts of the ciliary body, particularly to the surface of

the ridges of the ciliary processes.

f) Zonules

There are four studies of the zonular fibres at the site of
their attachment to the lens (Ashton et al 1965, Takei &
Mizuno 1978, Futa & Furuyoshi 1989, Chijiiwa et al 1989).
These studies have shown the zonules to be encrusted with
accumulations of exfoliation material (Ashton et al 1965,
Takei & Mizuno 1978) and degeneration of the zonular fibres
in association with heavy deposition of exfoliation material
(Futa & Furuyoshi 1989, Chijiiwa et al 1989). The latter
feature was observed in zonules of lenses obtained from
exfoliation glaucoma patients with clinical evidence of

phakodonesis.

16



g) Lens

The literature on the fine structure of the exfoliative lens
has recently been reviewed by Seland (1988). 1In the surface
layer of the anterior lens capsule exfoliation material is
often mixed with degraded cell products, of which iris
pigment granules are the most frequent (Bertelsen et al 1964,
Dark et al 1977, Takei & Mizuno 1978). In a recent study,
Dark & Streeten (1990) have suggested that the presence of a
‘precapsular film’ on the ageing lens capsule is a
conceivable precursor of the exfoliation syndrome development
on the lens. By SEM, this film appeared as a friable
incomplete fibrillar layer, with rolling of the edges
suggesting loose attachment. However, the importance of this
finding was limited by the observation of some degree of

precapsular film in control tissue.

The description of the lenticular features of the disease are
conflicting. For example, the ‘amorphous layer’ observed by
Bertelsen and coworkers (1964) could not be confirmed by
Benedikt (1973). Seland (1979; 1988) documented an increased
thickness of the exfoliative capsule. However, another study
on 105 cataractous lenses showed no statistical difference in
the capsular thickness between exfoliation-positive and
exfoliation-negative lenses (Ruotsalainen & Tarkkanen 1987).
Previous published work has stressed the importance of
numerous fibrillogranular lenticular inclusions (Dark et al
1969, Bertelsen & Seland 1971) and lens epithelial pits
(Bertelsen et al 1964, Dark et al 1969, Ueno et al 1987) in
the evolution of exfoliation syndrome. However, all these

features have been documented in clinically normal elderly
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patients (Ghosh & Speakman 1972, Dickson & Ramsey 1979,
Seland 1988). From the information available, only long term
follow up of the development and progression of the
lenticular changes in the exfoliation syndrome could
delineate the complete spectrum and specificity of the
pathological features that relate to the disease alone, as

contrasted to those attributable to ageing, or cataract.

h) Vitreous body

Only one SEM study has documented the involvement of the
vitreous cavity in the exfoliation syndrome (Davanger 1975b).
Exfoliation material accumulated in an unspecified number of
cases upon the anterior vitreous face of aphakic eyes in the
form of radial stripes, presumably as a consequence of

deposition from the aqueous humour.

i) orbital sites

Formerly, exfoliation syndrome was considered principally a
disease of the anterior segment of the eye. 1In the last two
years however, two studies have identified exfoliation
material, (or material morphologically similar to exfoliation
material), in a number of previously unrecognised extraocular
sites. First, Kichle and coworkers (1991) reported
involvement of the recti muscles, vortex veins, and optic
nerve sheath in a single case. Schlétzer-Schrehardt and
coworkers (1991a) reported the presence of exfoliation
material in the orbital connective tissue septae and central
retinal vessels. These authors found unevenly distributed
deposits of exfoliation material among normal connective-

tissue components such as elastic fibres, collagen fibres and
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fibroblasts. 1In all 5 eyes exfoliation material aggregates
were not evident in extrabulbar locations by LM, but could
only be discerned by TEM examination of serial sections.
Schlotzer-Schrehardt and coworkers (199l1la; 1991b) have stated
that in 2 cases exfoliation material localised in extrabulbar
locations by TEM, could not be identified in intraocular
locations (ciliary body and iris). The authors have
speculated that the development of extraocular exfoliation

syndrome may precede its intraocular appearance.

1.2.4 1Is exfoliation syndrome a systemic disease?

In a recent study Sugino (1990) has reported typical
exfoliation material in the dermis of the lateral canthus in
3 out of 9 cases of exfoliation positive patients. He
confirmed the diagnosis in all 9 patients by examination of
the iris. He also noted ‘immature’ forms of exfoliation
material in the other 6 cases and suggested that exfoliation
syndrome may be a systemic degenerative disease of the body.
In an attempt to resolve the question of whether exfoliation
syndrome is a local, or systemic disorder Streeten and
coworkers (1990) carried out an ultrastructural examination
of skin biopsy specimens from one to three areas in 13
patients with ocular signs of exfoliation syndrome. A
‘fibrillopathy’ closely resembling that seen in the affected
eye was found in 11 out of 13 patients. Exfoliation material
occurred primarily along elastic fibres. The authors

concluded that exfoliation syndrome is a systemic disorder.
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Figure 1.13 summarises the ocular and extraocular locations
in which exfoliation material has been documented by TEM.
Although recent evidence suggests that exfoliation material,
or material which morphologically resembles exfoliation
material, can be found in the skin of patients with
exfoliation syndrome uncertainties remain about the
significance of these findings. As conceded by Streeten and
coworkers (1990) the diagnostic criteria employed in their
study for the detection of exfoliation material must be

supported by immunocytochemical, or biochemical data.

1.3 Nature of exfoliation material

The nature of exfoliation material has been extensively
investigated, but remains obscure (reviewed by Dickson &
Ramsey 1979, Jerndal 1986, Morrison & Green 1988, Ringvold
1988) . Published work has indicated that exfoliation
material is a complex compound (Davanger & Pedersen 1975,
Dark et al 1977, Baba 1983, Streeten et al 1984, Ringvold
1988) , which may even vary in its morphology in different

regions of the eye (Streeten et al 1987; 1990).

1.3.1 Histochemical studies

The first histochemical description of exfoliation material
was included in Dvorak-Theobald’s paper (1954). The author
states that ‘since exfoliation material is moderately
positive with PAS and Millon tests it may be assumed that
mucopolysaccharides (glycosaminoglycans) and tyrosine are

present’. 1In a subsequent study, Arnesen and coworkers
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(1963) digested paraffin sections of enucleated eyes with
exfoliation glaucoma with collagenase. It was found that
although the lens capsule disappeared, exfoliation deposits
remained unaltered. They suggested that the exfoliation
deposits are chemically different from the lens capsule and
probably do not consist of collagen. They also found faint
staining with Alcian Blue and therefore lent their support to
Dvorak-Theobald’s hypothesis that glycosaminoglycans are

present in the exfoliation material.

Bertelsen and coworkers (1964) found these reports
unconvincing because ‘glycosaminoglycans are PAS negative and
if they were present in large quantity then the Alcian Blue
reaction should have been strongly blue’. On the other hand,
they asserted ‘mucoproteins and glycoproteins stain weakly
blue with Alcian Blue’. Bertelsen & Ehlers (1969)
investigated the histochemical properties of exfoliation
material aggregates on the lens surface of 7 lenses from
patients with exfoliation syndrome, who had undergone
intracapsular cataract extraction. In their study the
abnormal material stained lightly with toluidine blue

and was completely negative with Sudan black B (stain for
lipids), Congo-red (for amyloid), Alcian blue (for
glycosaminoglycans), and elastin/Weigert reticulin stain (for
elastic fibres). The excrescences were positive with Millon
stain (for tyrosine), Acid fuchscin -van Gieson- stain (for
collagen) and reticulin stain (for reticulin fibres). The
same authors carried out a number of enzyme digestion
experiments in 5 exfoliative lenses fixed in a mixture of

acetic acid and ethanol. Exfoliation aggregates and
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fibrillogranular inclusions within the lens were resistant to
proteolytic enzymes: pepsin, trypsin, chymotrypsin,

collagenase and papain (Bertelsen & Ehlers 1969).

Periodic acid-Schiff stain

Periodic acid-Schiff stain (PAS), which demonstrates the
presence of mucoproteins, glycoproteins and lipoproteins has
reacted positively with exfoliation material in some studies,
but the PAS reaction has not been uniformly reported.
Although initial studies reported it to be positive (Dvorak-
Theobald 1954, Horven 1966), Bertelsen and coworkers (1964)
found it to be ‘mostly negative’. 1In an ensuing study
Bertelsen & Ehlers (1969) reported that the excrescences on
the surface of the lens capsule were weakly positive (red)
with PAS staining. Dark and coworkers (1969) reported
exfoliation material to be PAS positive, Alcian blue negative
and strongly positive with Chrome haematoxylin. They noted
variable colouration with their tests which they attributed

to the compound nature of the abnormal substance.

Exfoliation material and amyloid

Ringvold & Husby (1973) reported positive staining of
exfoliation aggregates on the ciliary body and on the
posterior iris surface after staining with Sirius red and
Congo red. Ringvold & Husby (1973) have argued that
exfoliation material should be classified amongst the
amyloid-like substances. Indeed, in an TEM investigation
Meretoja & Tarkkanen (1977) demonstrated amyloid-like
deposits in 19 selected specimens (17 enucleated eyes, one

autopsy, one iridectomy) from eyes with exfoliation syndrome.
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Amyloid material is difficult to distinguish histologically,
but can be histochemically differentiated from exfoliation
material (Schwartz et al 1982). Subsequent reports have been
unable to confirm the previous positive histochemical results
for amyloid in the exfoliation material. Dark and coworkers
(1977) studied sections from 3 cataractous lenses with
exfoliation syndrome and reported that Congo red dichroisnm,
the most critical histochemical test for amyloid, was not
present. Several studies since have confirmed that
exfoliation aggregates do not stain with Congo red (Garner &
Alexander 1984, Streeten et al 1984; Li et al 1989). Thus
today, there is little support for the view that exfoliation
syndrome is a type of amyloidosis. Nevertheless, it is
conceivable that exfoliation material is an amyloid-like

substance which does not stain with Congo red.

1.3.2 Biochemical and tissue culture studies

Amino acid analysis

A preliminary amino acid analysis of exfoliation material was
performed by Ringvold in 1973. The author collected
exfoliation material from the anterior surface of 18 lenses
with demonstrable deposits. The amino acid analysis
according to this study showed that exfoliation material was
rich in glutamic acid and aspartic acid. It contained
glycine, proline, serine and alanine; and was deficient in 4-
hydroxyproline. Ringvold (1973) suggested that this profile
was consistent with the presence of proteins and made it
unlikely that collagen was a significant component of

exfoliation material (as collagen is rich in
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4-hydroxyproline). He was of the opinion that exfoliation
material had a similar amino acid profile to amyloid, the
microfibrillar component of elastic fibres and the non-

collagenous proteins of the basement membranes.

Aqueous humour studies

Baba (1983) provided evidence of an abnormal electrophoretic
pattern (peculiar tailing and a biphasic pattern in albumin)
in 3 aqueous samples from eyes with exfoliation syndrome.

The author speculated that his observations indicated an
abnormal overproduction of glycosaminoglycans in the
exfoliation syndrome. Hannappel and coworkers (1985) studied
the amino acid pattern in the aqueous humour of 5 patients
with exfoliation syndrome, in comparison with 27 POAG
patients and 30 controls (cataract patients). All 21 amino
acids studied showed higher levels in POAG than in
exfoliation, or control patients. Ringvold and coworkers
(1989) have studied 4 exfoliative lens capsules with SDS-PAGE
electrophoresis and established the presence of two
polypeptides (molecular weight estimated between 14,400 and
20,000), not present in their controls. The significance of
these findings was difficult to assess, but the authors have
speculated that either exfoliation syndrome generated unknown
products, or these polypeptides represented fragments from
established proteins. In the same study, 15 pooled aqueous
samples collected during cataract surgery from patients with
exfoliation syndrome were analysed. No definitive

differences with the controls could be obtained.
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Tissue culture studies

Only one tissue culture study has been performed to date on
the exfoliation syndrome. Ringvold & Nicolaissen (1990)
studied by TEM samples of iris tissue from 8 exfoliation
positive patients and 6 normal controls. The iridectomy
specimens were cultured on tissue culture plastic and on
biological basement membranes. Extracellular fibrillar
material closely resembling exfoliation material appeared to
originate from the newly divided cells in the exfoliation-

positive iris tissue after four weeks.

1.3.3 Immunohistochemical studies

Immunoperoxidase studies

Harnisch and coworkers (1981), employed the indirect
immunoperoxidase technique to study 3 lenses from patients
with the exfoliation syndrome. The authors treated semi-thin
frozen sections with antibodies against basement membrane
proteoglycans (BM;PG isolated from EHS-sarcoma) and found
positive staining for basement membrane proteoglycans. The
authors considered that their findings supported the
hypothesis that the disorder is caused by a disturbance in

the biosynthesis of basement membranes.

Streeten and coworkers (1986), employed indirect IM and EM
peroxidase techniques with polyclonal and monoclonal
antibodies to study 10 lenses with the clinical diagnosis of
exfoliation syndrome. Exfoliation aggregates stained with
zonular antisera (most intense staining, mainly in the outer

portions of large exfoliation fibres), bovine elastic
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microfibrillar protein (less diffuse staining, less
penetration) and monoclonal fibrillin antibody (diffuse
stain). Streeten and coworkers (1986) offer evidence which
indicates that the ocular zonules share similar histochemical
properties and some component, or components with the
exfoliation material. The significance of these results
however, remains uncertain. Firstly, the peroxidase method
results in a diffuse aggregate which makes the precise
localisation of the antibody difficult. Secondly, as
conceded in the paper, the antibodies employed may have
labelled more than one antigen. Finally, in support of their
hypothesis, the authors claim that ‘we have found no cross-
reactivity (unpublished work) between exfoliation material
and three basement membrane components: type IV collagen,
laminin and basement membrane proteoglycan’. Since at that
time, the distribution of these three important ECM
components in the normal ocular tissues was unknown, their
comment is surprising. It is reasonable to assume that the
specific immunohistochemical localisation of collagen type
IV, laminin and basement membrane proteoglycan would have
been of considerable interest to the scientific cdmmunity.

On the other hand, failure to establish the distribution of
these three basement membrane components in the normal ocular
tissues invalidates the negative results obtained for

exfoliation material.
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1.3.4 Immunocytochemical studiecs

Elastin and exfoliation material

In the first immunogold study, to investigate the nature of
exfoliation material, Li and coworkers (1988) have shown the
presence of elastin and tropoelastin in exfoliation material.
Specimens were examined from 12 patients with exfoliation
syndrome/glaucoma diagnosed clinically and histologically.
Evidence for elastin and tropoelastin-associated epitopes in
exfoliation material was seen in both the intraocular and
conjunctival sites. Some variability in binding affinity was
seen in the different ocular sites and immunogold labelling
was seen more often on the periphery than in the centre of

the exfoliation fibres.

Neither elastin, nor the elastic microfibrillar protein are
known to be circulating proteins. Indeed, the secretion of
these molecules in the extracellular space is rapidly
followed by cross-linking and insolubility (Ruggeri & Motta
1984, Ringvold 1992 personal communication). Therefore, this
observation implies secretion of these molecules by local
ocular cells, especially basement membrane-producing cells.
As the authors concede, ‘all of the cells in juxtaposition to
exfoliation material in the posterior chamber are epithelial
cells, not known to engage in elastogenesis normally’ (Li et
al 1988). To substantiate this hypothesis Li and coworkers
(1988) quote three lines of evidence. First, unpublished
observations of elastin epitopes in cultured ciliary non-
pigmented epithelial cells. Second, the likelihood that

zonular fibres are synthesised by the non-pigmented

27



epithelium of the ciliary body. Thirdly, the appearance of
microfibrils resembling elastic microfibrils, or oxytalan in
proximity to basement membranes (e.g. Descemet’s membrane) in
some unspecified disorders. These authors have concluded
that exfoliation syndrome arises from abnormal regulation of

extracellular matrix (ECM) synthesis (Li et al 1988).

Amyloid P and exfoliation material

In a recent review article Ringvold (1988) has suggested that
in retrospect, the observed cross-reaction between anti-
amyloid serum and exfoliation material could have been
attributable to the presence of amyloid-P, a less prominent
component of all types of amyloid which constitutes 5-10% of
the dry weight of amyloid substance. 1In addition, Ringvold
states that ‘the same substance is part of the normal
basement membrane and it may be part of the exfoliation

material if this is an abnormal basement membrane product’.

Indeed, Li and coworkers (1989) have recently demonstrated by
immunoelectron microscopy the presence of amyloid P protein
in exfoliation aggregates from 14 ocular and conjunctival
specimens from patients with exfoliation syndrome. 1In their
study amyloid was not found by Congo red stain, or
ultrastructural examination. Moreover, immunostaining of
exfoliation material for other common amyloid proteins,
including amyloid A, prealbumin and immunoglobulin light
chains was negative in most cases. Immunoelectron microscopy
on Lowicryl sections revealed weak labelling for amyloid P
mostly on the edges of exfoliation fibres. No labelling for

amyloid P was seen on oxytalan fibres, in the zonules and in
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the lens capsule. The authors were of the opinion that the
consistent presence of amyloid P, a minor serum component,
within exfoliation aggregates indicated a specific
association. They proposed that there may be similar binding
sites on exfoliation fibres with those on elastic fibres.
However, no direct data was obtained in any of their

specimens to support this hypothesis.

There are two limitations to the study by Li and coworkers
(1989). First, as the authors themselves point out, it is
well documented that a varied degree of iris vasculopathy is
a common feature of the exfoliation syndrome. This increased
permeability of the walls of iris vessels and the consequent
leakage of protein could account for the presence and binding
of amyloid P. Second, amyloid P is present in basement
membranes. The authors refute this possible source of
amyloid P since ‘they did not find it in the lens capsule’.
However, lens capsule is a highly specialised basement
membrane with a unique ECM composition (Marshall et al
1991d). It is the vascular basement membranes that are the
likely sites of amyloid P, but there is no mention of these

in the paper.
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1.4 Origin of exfoliation material
Several anatomical sites have been proposed for the origin of
exfoliation material, but the published reports to date have

not established the principal source(s) with any certainty.

The lens

Bertelsen and coworkers (1964) and Dark and Streeten (1969)
supported the exclusive lenticular origin of exfoliation
material with the fine structural observation of
fibrillogranular inclusions apparently emanating from the
diseased epithelium. The morphological similarity between
these inclusions and exfoliation fibrils prompted these
investigators to suggest a lenticular origin for exfoliation
material. The supporters of the lens epithelial origin
believed that exfoliation material originates from a
metabolically abnormal lens epithelium and subsequently

migrates through the lens capsule.

The uvea

In 1951, Weekers and coworkers proposed that the primary
change in exfoliation syndrome was an atrophy of the

the pigmented epithelium of the iris and thus exfoliation
material was depigmented iris tissue. Sunde (1956)
highlighted the importance of the close proximity of the iris
in the formation of the peripheral band of exfoliation
material on the lens. He showed that patients with an iris
coloboma and exfoliation syndrome exhibited a discontinuous
band of ’lenticular’ exfoliation material at the site of the

iris coloboma.
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Sugar in a series of publications (Sugar et al 1976, Sugar
1976; 1980; 1984) provided evidence suggesting that the iris
may be the source of exfoliation material. He pointed out
that the pattern of exfoliation deposition upon the lens was
dependent upon the configuration of the iris. 1In a case
report he demonstrated changes in the typical circular
pattern of exfoliation material deposition on the lens
capsule of a patient with post-traumatic alteration of the
iris shape (Sugar 1976). He considered that exfoliation
material could not originate from the lens as it could not
pass through the thick lens capsule. Most investigators in
the subsequent literature appear to have tacitly accepted
that the iris may be an additional source of exfoliation
material (reviewed by Morrison & Green 1988). The ciliary
epithelium has also been considered a source of exfoliation
material, although the evidence for this is more tentative

(section 1.2.3).

The morphological evidence put forward by the supporters of
the uveal origin of the exfoliation material had one inherent
weakness. It does not exclude the possibility of exfoliation
material originating from the lens epithelium subsequently
being transferred to uveal locations via the aqueous
circulation. The exclusive lenticular origin of the
exfoliation material started to lose favour only when
clinical and ultrastructural studies supplied comprehensive
evidence of exfoliation material synthesis in the absence of
the lens. Exfoliation material synthesis was shown to
commence (Fellner & Benedikt 1971) and continue (Radian &

Radian 1975, Sugar 1980, Caccamise 1981) long after removal
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of the lens by intracapsular cataract extraction. In a case
report, Ghosh & Speakman (1983) confirmed, by TEM examination
the absence of exfoliation material from the lens removed
from the uninvolved eye of a patient with unilateral
exfoliation syndrome. Five years later, the patient
developed exfoliation syndrome in the originally uninvolved
eye. Nine years later, when the eye was removed at autopsy,
typical exfoliation fibres were found in the iris, the
ciliary body and the anterior vitreous. Furthermore, in a
recent iris tissue culture study, Ringvold & Nicolaissen

(1990) provided evidence to suggest in vitro synthesis of

exfoliation material in the iris.

A comparable pattern of exfoliation material distribution to
that found on the human lens has been shown to arise on the
surface of plastic intraocular lenses following extracapsular
cataract surgery (Ringvold & Bore 1990). Published evidence
thus favours the synthesis of exfoliation material in the
iris, but the precise pathway remains uncertain. The
plausible role of the ciliary epithelium in the synthesis of

exfoliation material requires further elucidation.

Other sites of synthesis

Ringvold & Vegge (1971) proposed that the trabecular meshwork
may be an independent source of exfoliation material. The
case for local synthesis of exfoliation material in the
trabecular meshwork has not been substantiated since that
study. Ringvold (1972; 1973) provided TEM evidence for the
presence of exfoliation material in the limbal (1972) and

palpebral (1973) conjunctiva. He considered it unlikely that
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exfoliation material was transported to the palpebral
conjunctiva, as this tissue is neither exposed to the aqueous
humour, nor to the blood supply of the anterior segment. He
proposed that the conjunctiva is an additional source of
exfoliation material. Indeed, Prince and coworkers (1987)
have proposed that the synthesis of exfoliation material in

the conjunctiva may precede the clinically obvious disease.

A recent report by Schlétzer-Schrehardt and coworkers (1991a)
has provided evidence of exfoliation material in a number of
extrabulbar locations including the orbit (section 1.2.3).
They have proposed that synthesis of exfoliation material
outside the globe may precede its intraocular appearance.

On reviewing the literature on the origin of exfoliation
material, Dark & Streeten (1982) highlighted a potential
complicating factor: exfoliation material may aggregate in
locations remote from the original site of synthesis. This
question can only be resolved when accurate biochemical data
are obtained on the composition of exfoliation material in a

variety of anatomical locations.

1.5 Pathogenesis

1.5.1 Pathogenesis of exfoliation syndrome

The theories concerning the pathogenesis of exfoliation
syndrome have been extensively reviewed (Hérven 1937, Dickson
& Ramsey 1979, Dark & Streeten 1982, Jerndal 1986, Ringvold
1988, Morrison & Green 1988). Although there are no known

published studies on animals, exfoliation syndrome is
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considered to be a disease peculiar to man. On the basis of
studies published on the subject, the risk to individuals is

related to ageing (section 1.6.8).

The basement membrane disorder theory

Anomalous basement membrane synthesis may well underly the
pathogenesis of exfoliation syndrome (Bertelsen et al 1964,
Anastasi et al 1974, Sugar et al 1976, Seland 1988, Morrison
& Green 1988). Vascular basement membrane abnormalities
accompany the perivascular accumulation of exfoliation
material (Ringvold 1969; 1970a; 1988, Ringvold & Vegge 1971,
Harnisch 1977, Eagle et al 1979, Garner 1990) and basement
membrane proteoglycan components have been identified in such
material (Harnisch et al 1981). However, morphologically
only specific basement membranes are involved (e.g. vascular
basement membranes) but the basement membrane of the cornea

and retina have never been implicated (Seland 1985).

To summarise, most workers in the field still favour the
hypothesis that exfoliation syndrome is a form of basement
membrane disorder (Ringvold 1969; 1988, Layden & Shaffer
1973, Sugar et al 1976, Dickson & Ramsey 1979, Harnisch et al
1981, Layden 1982, Seland 1985, Yanoff & Fine 1989, Garner

1990), but the evidence for this is still circumstantial.

The elastosis theory

Streeten and coworkers (Streeten et al 1984; 1986a; 1987 & Li
et al 1988) have postulated that the exfoliation process is a
type of elastosis with elastic microfibrils, or an abnormal

related fibril, forming the basis for the exfoliative fibres.
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These authors have proposed that exfoliation material derives
from abnormal polymerisation of glycoproteins associated with
the zonular-elastic microfibrillar system. This theory
relied upon histochemical and immunohistochemical
similarities between exfoliation material, the ocular zonules
(Streeten et al 1986a; 1986b) and elastic components (Li et
al 1988). With regard to the theory that exfoliation
syndrome is a basement membrane disorder, Streeten and
coworkers (1986) have stated that ’the proximity between
unhealthy basement membranes and exfoliation material appears
to implicate the basement membrane-producing cells in the
pathogenesis of exfoliation syndrome, but does not
necessarily mean that exfoliation material is composed of
basement membrane in any usual sense’. Thus, although there
is no unified concept concerning the pathogenesis of
exfoliation syndrome, there is at least general agreement on
the involvement of local basement membrane cells in the

pathogenesis of the disorder.

Other theories on the pathogenesis of the disease

Schlétzer-Schrehardt and coworkers (1991a) have suggested
that exfoliation syndrome may result from a disordered
synthesis and\or assembly of connective-tissue microfibrils.
Their theory was based on the observed association between
connective tissue components and exfoliation material. There
is some evidence that exfoliation syndrome may be an
environmental disease (Taylor 1979), or that at least
environmental factors may influence its pathogenesis (Taylor
1979; 1980, Khanzada 1985, Johnson et al 1989). Taylor

(1979) found a strong occupational association, with
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Australian Aborigine stockmen exhibiting a significantly

higher prevalence of the disorder when compared with an age
matched control Aboriginal population. He also established
that exfoliation syndrome increased at lower latitudes and
higher levels of solar radiation. He suggested that solar
ultraviolet irradiation may induce protein denaturation or
synthesis of abnormal basement membrane precursors (Taylor

1979; 1980).

Genetic factors (Teikari 1987), a traumatic cause (Sugar
1976), a vascular aetiology (Anastasi et al 1974, Spinelli et
al 1985) and an unspecified immunological background
(Krishnan et al 1986) have also been implicated in the
pathogenesis of the disease. The evidence offered for these
theories remains unconvincing. To date, it appears that the
triggering mechanism for the development of exfoliation
syndrome and the pathway by which exfoliation material is
synthesised remains as obscure as when the condition was

discovered seventy-four years ago by Lindberg (1917).
1.5.2 Pathogenesis of exfoliation glaucoma

It has been established that aqueous outflow may be
obstructed by cells and particulate matter carried into the
trabecular meshwork along with the aqueous (Spencer 1985).
What remains uncertain, however, is the precise role of
exfoliation material in exfoliation glaucoma and why a
significant number of patients with exfoliation syndrome do

not ultimately devélop exfoliation glaucoma (Tarkkanen 1986).
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Some authors (Trantas 1929, Cebon & Smith 1976, Tarkkanen
1984, Wollensak et al 1992), are convinced that exfoliation
syndrome does not cause glaucoma; that either it is a
coincidental feature of ageing, or its presence merely
aggravates pre-existing POAG. However, the majority of
workers in the field support the view that exfoliation
glaucoma is a true secondary open-angle glaucoma (Vogt 1930,
Dvorak-Theobald 1954, Ringvold & Vegge 1971, Rohen & Witmer
1972, Linner & Rohen 1974, Harnisch 1977, Rohen 1983, Lutjen-
Drecoll et al 1986).

Litjen-Drecoll and coworkers (1986) have shown a significant
difference between the ultrastructural appearance of the
outflow system in POAG and exfoliation glaucoma. By
quantitative analysis of the ‘plaque material’ in the
cribriform layer and outer wall of Schlemm’s canal (38 and 26
specimens respectively) they established disease-related
differences. In exfoliation glaucoma, the total amount of
‘plaque material’ was significantly less than that detected
in POAG and comparable to that found in normal autopsy

control eyes.

An important question in the pathogenesis of exfoliation
glaucoma is whether the increased resistance is due to
trabecular endothelial phagocytosis. As stated previously,
Dvorak-Theobald (1954) considered that the endothelium of the
trabecular meshwork phagocytosed exfoliation material. With
one exception (Ringvold & Vegge 1971), her observation, was
not confirmed by subsequent studies, which indicated that

unlike pigment, exfoliation material is not phagocytosed by
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the trabecular endothelial cells (reviewed by Spencer 1985).
Richardson & Epstein (1981) employed TEM and SEM to study two
autopsy eyes from a patient with exfoliation glaucoma. 1In
both eyes the intertrabecular spaces were open and relatively
free from exfoliation material, but massive deposits of
exfoliation material accumulated in the cribriform layer and

obstructed Schlemm’s canal.

Ringvold & Vegge (1971) found a close relationship between
the degree of exfoliation material deposition within the
outflow system and the disease stage. Extrapolating from
their findings the authors have suggested that the
accumulation of exfoliation material within the outflow
system is the principal mechanism underlying the development
of exfoliation glaucoma. Kurosawa (1981) was in broad
agreement with Ringvold & Vegge. He considered that
exfoliation material may occlude the outflow system at

various anatomical levels.

On the other hand, Benedikt & Roll (1979) in a TEM study of
the outflow system of a non-glaucomatous eye with exfoliation
syndrome, found that extensive infiltration with exfoliation
material had not caused glaucoma. They endorsed the view
that exfoliation material does not play any significant role
in the pathogenesis of exfoliation glaucoma. Their
observations on this single case however, stand in isolation
from those of other investigators who consider that
exfoliation material deposition within the cribriform layer
obstructs the outflow system (Ringvold & Vegge 1971, Kurosawa

1981, Richardson & Epstein 1981, Lutjen-Drecoll et al 1986).
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1.6 Epidemiology

In the early literature, the reported prevalence of
exfoliation syndrome varied greatly in different ethnic
groups. Early authors, such as Busacca (1927), Trantas
(1929), Rehsteiner (1929), Baumgart (1933), Horven (1937),
Irvine (1940), Lemoine (1950), Leydhecker (1960), Forsius &
Eriksson (1961), Joannides and coworkers (1961) and Clements
(1968) considered the condition to be common in some
countries (Finland, Norway, Aland Islands, Isle of Man,
Russia, Greece, Italy and India) and rare in other countries
(Sweden, Denmark, Britain, France, Germany and the United

States).

In a retrospective study, Lemoine (1950) found 29 patients
with exfoliation glaucoma in Boston, USA, out of a total of
816 glaucomatous patients (4%). Leydhecker (1960) has
claimed that he could not find one single case of exfoliation
glaucoma amongst 500 German glaucoma patients in Bonn. 1In
contrast, the reported proportions of exfoliation glaucoma in
Scandinavian, Greek and Indian studies ranged between 24% and
79% (Lindberg 1917, Malling 1923, Trantas 1929, Irvine 1940,
Thomassen 1949, Joannides et al 1961, Klouman 1967, Krause
1973). Thomassen (1949) studied two cohorts of glaucoma
patients (including operated cases) after dilatation of the
pupil and gonioscopy. In the University Department of
Ophthalmology in Oslo, Norway, 45 out of 57 cases (79%) had
exfoliation glaucoma. In Moorfields Hospital, London,
England, only one out of 50 cases (2%) was reported as

showing evidence of exfoliation (Thomassen 1949).

39



Differences of opinion

In the literature of the late sixties and early seventies,
the notion that exfoliation syndrome varied greatly between
different countries came under close scrutiny, especially by
the Norwegian ophthalmologist Aasved. Bertelsen (1966) first
succinctly pointed out that ’‘the opinion regarding the
frequency of the disease in Sweden depends largely on the
interest which the particular ophthalmologist takes in the
entity’. To further demonstrate this point, Bertelsen gave
as an example the first report on the prevalence of the
disorder in Sweden by Strémberg (1962). He found 22 patients
with the condition among 213 individuals with ocular
hypertension detected in mass screening of the population
over the age of 40 in a Swedish town. Another ophthalmic
surgeon working in the same area was of the opinion that
exfoliation syndrome did not exist in that district, until he
became acquainted with Strémberg’s report (Bertelsen 1966).
Aasved (1969, 1971) challenged the prevailing concept that
exfoliation syndrome showed considerable geographic
variation. First, he refuted the evidence presented to that
date on the prevalence of exfoliation syndrome as
unrepresentative, since it was not based on random population
samples. Writing in 1971, Aasved suggested that he could
find only 7 population studies in the literature; of these
only 2 (Bertelsen et al 1965, Hollows & Graham 1966) had

screened more than 600 individuals.
Motivated by disbelief in the reported differences in the
prevalence of exfoliation syndrome in neighbouring European

countries, Aasved carried out a prospective personal survey
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of the prevalence of exfoliation syndrome in three cohorts
over the age of 60 in Bergen, Norway; Bonn, Germany and
Birmingham, England. He established that the prevalence of
exfoliation syndrome was similar in the three ethnic groups-
Bergen 6.3%, Bonn 4.7%, Birmingham 4.0%- (Aasved et al 1969,
Aasved 1971d; 1979b).

Thus, Aasved provided convincing epidemiological evidence to
suggest that the prevalence of the disorder in population
groups is first, much higher than previously thought and
second, similar in all geographic areas. Subsequent studies,
mostly in ophthalmic cohorts, in various ethnic groups have
either supported (Sood 1968, Sveinsson 1974, Kinoshita 1979,
Hiller et al 1982, Krause et al 1988), or contradicted
(Forsius 1979; 1988, Ringvold et al 1988, Cashwell & Shields
1988, Aine 1988, Stefaniotou 1990) Aasved’s view. The most
recent literature does suggest that the prevalence of the
condition may vary significantly even within the same country
and remarkable differences exist within and between various
ethnic groups. However, none of these studies is strictly
comparable, or of similar scale to those of Aasved. Thus,
Tarkkanen (1986) has asserted that ’‘the prevalence of
exfoliation syndrome is similar in those countries that

population-based surveys have been conducted’.

Geographic distribution

Worldwide, the reported prevalence of exfoliation syndrome
varies from 16% in a Greek population cohort (700) over the
age of 50 years (Stefaniotou 1989), to 0% amongst 96 Eskimos

of similar age (Forsius 1979). Forsius (1988) has reviewed
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the epidemiological data available and has highlighted some
inconsistencies and factors that may give rise to regional
and geographic variations. Significantly, little is known
about the prevalence of the disorder in many countries
worldwide. Moreover, many published reports are
unsatisfactory. Extrapolating the true prevalence of
exfoliation syndrome from retrospective studies on selected
ophthalmic patients is a tenuous exercise. The following
review focuses on the most relevant studies and emphasises

up-to~date published reports on the subject.

In a population based study in Middle-Norway, Ringvold and
coworkers (1987; 1988) found the prevalence of exfoliation
syndrome in individuals over the age of 64 to be different in
three separate municipalities. They established a marked
variation in the geographic distribution of exfoliation
syndrome between coastal (10.2%) and inland areas (21% and
19.6%). Hollows & Graham (1966) investigated a defined
population of 4,231 individuals in Wales, 40-75 years old.
The overall prevalence rate for exfoliation syndrome in the
total population was 0.22% (10 out of 4,231). Bartholomew
(1979) investigated specifically the prevalence of
exfoliation syndrome/glaucoma in three Scottish cohorts in
Edinburgh. The prevalence of exfoliation syndrome in a
consecutive in-patient population with cataract was 2.5% (6
out of 247 patients); the prevalence of exfoliation syndrome
in a consecutive out-patient cohort was 1.5% (18 out of 1,200
patients) and the prevalence of exfoliation glaucoma in a

newly diagnosed glaucoma cohort was 5% (number unspecified).
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Forsius (1979) has documented a high prevalence of
exfoliation syndrome in four different populations above 60
years of age in Oulu, Finland, Reykjavik, Iceland, Aland
Islands and Novosibirsk, Russia. The prevalence of
exfoliation syndrome in this study varied between 29.8% in
Finland and 12.4% in Russia. In a subsequent study in a
Russian glaucoma group it was found that 37.7% of patients
below the age of 70 years and 70% above that age suffered
from exfoliation glaucoma (Forsius 1979). Frolova &
Khamitova (1984) screened 3,400 Russians over the age of 40
years, engaged in sedentary work, during the course of a
regular medical check-up. They detected exfoliation syndrome
in 200 individuals (5.9%) and recommended obligatory
screening for exfoliation syndrome in regular medical check-

ups of subjects over the age of 40 years.

In a prospective study conducted by 30 ophthalmologists in
private practice in France the total prevalence among 4,042
ophthalmic patients older than 50 years was 5.5% (Colin et al
1988). Significant regional differences were observed within
two regions (Brittany and South-East France showing higher
prevalences of 16.3% and 8% respectively). Montanes and
coworkers (1990) documented in a prospective study a high
prevalence for exfoliation glaucoma in the North-West of

Spain (44.5% of the open angle glaucoma cohort).

In a population study in South Africa, Bartholomew (1971)
examined 2,584 Pondos, a Bantu tribe, over the age of 30. He
found typical exfoliation syndrome in 132 individuals (5.1%)

and early changes (termed pregranular exfoliation) in 76,
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predominantly younger individuals (2.9%). In another study
the same author (1973) studied 9 rural black tribes (Bantus
and Swahilis) on field tours and found exfoliation syndrome
to be present to a varied extent in 8 of these tribes (total

prevalence in 4,156 individuals of all ages was 0.55%).

More recently, Shiose and coworkers (1991) carried out a
prospective population survey to establish the prevalence of
the glaucomas in seven districts throughout Japan (8,126
persons over the age of 40). Exfoliation glaucoma was found
in 13 individuals (0.16%) whereas, POAG was detected in 47
individuals (0.58%).

In the only American population study to date, conducted in
Framingham, United States, 1,906 patients age between 52 and
85 were screened for the presence of exfoliation syndrome.
The overall prevalence of the disorder was 1.8% (36 out of
1,906 individuals screened). In the age group 75-85 the
prevalence of the condition was 5.0%. As the ophthalmic
examination in this study was conducted by residents in
ophthalmology, presumably with little expertise, or special
interest in the condition, it is conceivable that the true

figure in that population may have been higher.

Controversy concerning geogqraphic variation

Exfoliation syndrome is a common condition, but its true
prevalence is particularly difficult to assess because of the
insidious onset and subtle signs (Gifford 1958, Tarkkanen
1962). The diagnostic sensitivity increases when the

condition is actively sought by an experienced observer
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(Aasved 1969, Jerndal 1986). Although the clinical
description of advanced exfoliation syndrome is well
established, little clinical data exist as to the early
changes of the disorder (Jerndal 1985; 1986, Dark & Streeten
1990). These have not been adequately documented, but may be
particularly subtle and confined to the mid-periphery of the
lens (Bartholomew 1971 Jerndal 1985, Dark & Streeten 1990).
Exfoliation syndrome and the ensuing exfoliation glaucoma
have a worldwide prevalence and an age related incidence.

The prevalence of the disorder is generally underestimated.

A clear geographic variation within and between various
ethnic groups is possible, but further large prospective
population studies employing similar methodology are required
to prove this hypothesis. Several reports have indicated
that, as yet, unidentified genetic, ethnic, or environmental
factors may contribute to the varied prevalence of the

condition.

Other epidemiological features

Age

It is well established that exfoliation syndrome is age-
dependent (Aasved 1969; 1971, Tarkkanen 1986, Forsius 1988).
The youngest patients recorded in the world literature have
been 22 (Sugar 1976); 27 (Aminisarduei & Ferkrat 1986); 31
(Hérven & Huchinson 1967, Kiachle & Naumann 1992); 32
(Khanzada 1985); 35 (H6rven & Huchinson 1967, Taylor et al
1977) and 39 (Joannides et al 1961).

In 25 published reports in the Western and Japanese

literature the youngest patient was over the age of 50 years.
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On the other hand, a distinctly younger pattern exists in
some racial groups. In the Pondo tribe of South African
Bantu, Bartholomew (1973) documented an overall prevalence of
6.4% in the 30 to 39 age group (10 out of 157 persons),
principally due to the inclusion of a pre-granular stage in
the evolution of the disorder (8 out of 157 cases; 5%).

Along with the Australian Aboriginal cohort reported by
Taylor and coworkers (1977) and an Icelandic cohort reported
by Als (1980) an ‘earlier involvement pattern’ possibly
influenced by genetic, or environmental factors has been

documented.

S8ex

The reported series on the relationship between exfoliation
syndrome and sex are often irreconcilable. Some authors have
shown a higher prevalence for females (for example, Aasved
1979, Ekstrom 1987, Esmail 1991). Two studies where the data
were population corrected and subsequently compared with age
matched controls, show females being affected by the disorder
more frequently than males (Aasved 1969, Hiller et al 1982).
However, this preponderance of females has not been confirmed
in other populations (Bartholomew 1973, Taylor 1979, Forsius
1979, Heriot et al 1983, Summanen & Asbjérn 1988) and large
ophthalmic cohorts (Colin et al 1988, Montanes et al 1989).
In some clinical reports a marked preponderance of males with
the condition has been reported (O6rgen 1949, Zlatar 1965,
Sood 1968, Bartholomew 1979, Khanzada 1985, Mohammad & Kazmi
1986). More specifically, Sood (1968) reported a prevalence
of 1.2% in female patients and 2.1% in males in his

ophthalmic clinic in India. In Pakistan, males were affected
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three times more frequently than females (Mohammad & Kazmi
1986). Cultural and social factors influencing the
proportions of males and females presenting to

ophthalmologists were not discussed by these authors.

1.7 Diagnosis

1.7.1 S8ymptoms

Exfoliation syndrome is usually characterised by the lack of
symptoms, for throughout its long and insidious course the
condition is clinically silent (Duke-Elder 1969). Symptoms
may only arise with the development of cataract, or when
exfoliation glaucoma ensues. Cataract will give rise to
blurring of vision. Exfoliation glaucoma, in a similar
fashion to the other glaucomas, may remain asymptomatic and
undetected until serious visual disability occurs. However,
in a number of cases it may give rise to subjective symptoms:
dull eye ache, or ’‘tension’ (due to high IOP); difficulty in
reading, diminished peripheral or night vision and ultimately
failure of vision due to advanced glaucomatous atrophy of the
optic nerve head. In a small proportion of cases exfoliation
glaucoma may present in a more dramatic fashion with headache
or pain owing to the development of ’‘acute open angle
glaucoma’ with an IOP in excess of 50 mm Hg (Jerndal 1986,

Brooks & Gillies 1988).
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1.7.2 The classic diagnostic signs

Pupil

The objective diagnostic signs of exfoliation syndrome are
diagramatically shown in Figures 1.14 & 1.15. The pupillary
margin is encrusted with ‘dandruff-like‘' discrete particles
of exfoliation material (Figs 1.14 & 1.16). In the advanced
stage, exfoliation aggregates may be seen upon the anterior
iris surface and within the iris crypts. Exfoliation
material on the lens surface is the most commonly recognised
feature of the disorder. Three distinct zones have been
documented (reviewed by Sugar et al 1976). In the centre of
the anterior lens surface a white, ring-shaped, subtle
opacification resembling a cellophane-like membrane termed

the central disc is seen (c¢f Figs 1.1 & 1.2).

Biomicroscopically, the central disc ranges in size between
1-2.5 mm (Prince & Ritch 1986) and is best visualised with
bright illumination after dilatation of the pupil since its
border may be hidden under the iris. 1In many cases the
border of the central disc appears well-demarcated and in
some cases it may be curled inwards (Jerndal & Svedbergh
1978); (Fig 1.15). On the edge, or the surface of the
central disc minute exfoliation material particles may be
seen (cf Fig 1.1). It has been suggested that the size and
shape of the central disc depend upon the size of the pupil
i.e. a miosed pupil would have a smaller central disc whereas
distortion in the shape of the pupillary rim would change the
shape of the central disc (Sunde 1956, Sugar 1984, Prince &

Ritch 1986). The central disc may be absent in some 10 to 18
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per cent of cases (Joannides et al 1961, Tarkkanen 1962, Sood

1968, Aasved 1971b; 1971d, Kinoshita 1979, Sugar 1984).

The periphery of the lens capsule exhibits a granulated
circular band of variable width resembling ‘sugar frosting‘,

called the granular zone (Figs 1.3, 1.4 & 1.15). This 2zone

may exhibit holes and occasionally communicates with the
central disc via bridges of exfoliation material (Fig 1.15).
Several suggestions have been made to explain the development
of the granular zone (for example Sunde 1956, Gifford 1957,
Bertelsen 1966, Sugar et al 1976, Dark et al 1977, Ringvold &

Bore 1990). None of these, however, is entirely convincing.

A clear intermediate zone of normal lens capsule separates

the central disc from the peripheral granular zone (Fig
1.15). It is thought that the clear zone is formed by the
’cleaning’ action of the iris which constantly moves from the

dilated to the constricted position (Sugar et al 1976).

1.7.3 Pigmentary signs

A close relationship exists between the development of
exfoliation material deposition and progressive atrophy of
the posterior pigmented layer of the affected iris. This
process is more pronounced in the pigment epithelium of the
pupillary and peripupillary iris (Aasved 1973), (Fig 1.17)
but recently it has been shown that the peripheral iris may

also be involved (Repo et al 1990).

The precise mechanism of the pigment release remains obscure.
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It has been suggested that pigmentary liberation is caused by
a primary vascular disturbance in the iris (Vannas 1969), or
increased mechanical friction between the ’defective’, uneven
anterior lens surface and the affected pigment epithelium
(Aasved 1973). In any case, the pigment granules released,
move along with the aqueous humour and subsequently some of
them adhere to and within various ocular structures, e.g.
anterior iris surface, corneal endothelium, filtration angle
(Wishart et al 1985, Prince & Ritch 1986, Jerndal 1986,
Prince et al 1987). Krause and coworkers (1973) were the
first to provide controlled data on the subject of pigment
liberation from the iris. It has now become well recognised
that this process gives rise to a number of characteristic
diagnostic features (Madden & Crowley 1982, Prince & Ritch
1986, Prince et al 1987, Montanes et al 1990b, Repo et al
1990, Konstas & Dutton 1991).

Pigmentary signs in the iris

The pigment deposition upon the surface of the iris consists
either of distinctly particulate large granules, localised to
the iris sphincter (Figs 1.14 & 1.15), or diffuse small
pigment particles scattered all over the peripheral iris.
Occasionally, a discrete cluster of pigment may be noted at
the 6 o’ clock position at the inferior border of the iris
(Jerndal & Svedbergh 1978); (Fig 1.14).

A variable degree of iris atrophy is a consistent feature iﬁ
the exfoliation syndrome. This atrophy involves initially
the pupillary ruff (Fig 1.17). Aasved (1973) demonstrated a

higher prevalence of pupillary ruff defects in individuals
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with exfoliation syndrome (74%) when compared with normal

controls (6.1%). However, the significance of these findings
was diminished by the fact that in his study the results for
the normal population were not age-corrected; the exfoliation

group was older (Aasved 1973).

In a more advanced stage of the disorder, the iris sphincter
becomes visible and the entire circumference of the pupillary
margin transilluminates in a characteristic fashion (Jerndal
1986). In most cases, the ’‘moth eaten’ pattern is confined
to the iris sphicter area. However, in a recent prospective
study, Repo and coworkers (1990) found that 45% of cases with
the condition demonstrated generalised peripheral iris
transilluminance; this compared with 18% in an age matched

control population (Repo et al 1990).

Pigment in the anterior chamber

After dilatation of the pupil a shower of loose pigment may
be seen in the anterior chamber of affected eyes. Writing in
1965, Kristensen described a mydriasis-induced excessive
pigment liberation with a concurrent rise in IOP in two
patients with exfoliation glaucoma. This phenomenon may also
occur in normal aged individuals, but it has been shown that
in the exfoliation syndrome the incidence and volume of
pigment released following pupillary dilatation, is much
greater (Kristensen 1965, Aasved 1973, Valle 1976, Roth &
Epstein 1980, Mapstone 1981).

Pigmentary signs in the cornea

A characteristic deposition of fine pigment granules may
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occur upon the central region of the corneal endothelium
(Sugar et al 1976, Brooks et al 1988, Montanes et al 1990b).
Although, the pattern seen is usually diffuse, a Krukenberg
spindle pattern may also develop in a few cases (Tarkkanen
1962, Jerndal & Svedbergh 1978, Prince & Ritch 1986).
Tarkkanen (1962) studied 418 patients with the condition and
found a Krukenberg spindle pattern in between 4 and 16% of

the various subgroups with exfoliation.

Importance of pigmentary signs

Historically, the diagnosis of the condition has always been
made on the basis of the typical appearance of exfoliation
material upon the pupillary margin and/or the lens surface.
Krause and coworkers (1973) have shown that patients with the
condition exhibit significantly more dense pigmentation
gonioscopically, compared with normals. On the other hand,
no such difference was noted by these authors between the two
eyes of patients with unilateral exfoliation syndrome. They
interpreted the latter finding to be consistent with
increased pigmentation being the first stage of the disorder
(Krause et al 1973). Recently, these more subtle signs have
been stressed as important early cinical features which
should alert the ophthalmologist to search for the condition
(Jerndal 1986; 1989, Prince & Ritch 1986, Rouhiainen &
Terasvirta 1990). It has now been suggested that the
pigmentary signs not only accompany, but precede the fully
established condition (Wishart et al 1985, Jerndal 1986;

Prince et al 1987, Konstas & Dutton 1991).
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Importance of early diagnosis

There are four reasons why early diagnosis is optimal

for clinical practice. First, the early recognition of
exfoliation syndrome is important because these individuals
may develop exfoliation glaucoma (Hansen & Sellevold 1969,
Odland & Aasved 1971, Jerndal 1986, Slagsvold 1986, Henry et
al 1987). Documenting the presence of exfoliation syndrome
early in these patients will determine their subsequent
management. Second, the distinction between exfoliation
glaucoma and POAG will influence treatment since exfoliation
glaucoma is different from POAG with regard to treatment,
prognosis and follow-up (see sections 1.12.1, 10.1 & 10.3).
Third, the distinction between exfoliation glaucoma and POAG
is essential prior to research into the pathogenesis, or the
clinical features of glaucoma. Many published studies fail
to make this important distinction. Finally, a strong
association exists between the development of lens opacities
and the exfoliation syndrome. It has been shown that the
rate of peroperative and postoperative complications in
cataract surgery is significantly higher in the presence of

exfoliation syndrome (section 1.11).

1.8 Development of the disorder

The evolution of the exfoliation syndrome is still poorly
understood. Evidently, it evolves slowly, over many years
(Gifford 1957; 1958, Duke-Elder 1969, Jerndal 1986). Gifford
(1957) has postulated that the entire development of
exfoliation syndrome was ‘a matter of 10 to 20 years rather

than 3 to 5 years’. 1Individuals with bilateral involvement
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are on average 2 to 7 years older than those with unilateral
involvement (Aasved 1971b, Madden & Crowley 1982, Slagsvold
1986). Similarly, it has been shown that a significant
proportion of individuals with long-standing exfoliation
syndrome develop exfoliation glaucoma. Whether exfoliation
glaucoma can occur without an interval of ’‘normality’, i.e.
without the initial development of the exfoliation syndrome,

is not known.

Theories on early development

The biomicroscopic changes, which describe the early stages
of the disorder, remain ill defined and only few studies have
dealt with this subject (Bartholomew 1971, Jerndal 1985, Dark
& Streeten 1990). In 1971, Bartholomew first provided clues
of an early stage in the development of the condition.

Whilst studying the condition among the Bantu in South
Africa, he noticed grey, radial striations on the peripheral,
anterior lens capsule of some young Bantu patients.
Subsequently, in a few of these cases he noted that these
lines became more confluent and eventually merged into the
classic granular zone of exfoliation material. Bartholomew
considered these lines to comprise a prodromal stage, so
called ’‘pregranular stage’, in the evolution towards the
fully established condition (i.e. presence of exfoliation
material, ’‘granular stage’). In his view, these early
changes were ’imprints’ created by the corresponding iris
folds and were pathognomonic, superseded later in life by the
’granular’ stage. Bartholomew (1973) documented 8 patients
with ’‘pregranular exfoliation’, in the 30-39 age group among

the Pondo tribe in South Africa. Later, in support of this
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theory, he observed identical striations in a small number of
Scottish patients (Bartholomew 1979). Significantly, similar
striations were recently noted in Caucasians at an early

stage of the condition by Dark & Streeten (1990).

An alternative hypothesis for the early development of the
condition has been suggested by Jerndal (1985; 1986; 1989).
According to his theory, in stage 1, the posterior layer of
the iris epithelium begins to lose pigment and tiny dots of
pigment appear in radial clusters upon the lens capsule.
Stage 2 is characterised by progressive loss of the pupillary
ruff, transillumination, and an incomplete granular zone
with the first aggregates of exfoliation material often
intermingled with pigment. Stage 3 shows the completed

granular zone and advanced transillumination of the iris.

Preclinical stage

A number of workers have recently shown that further insight
into the development of the disorder might be gained by
ultrastructural studies on tissues from exfoliation patients
who do not demonstrate clinical evidence of exfoliation
material on biomicroscopy. First, Speakman & Ghosh (1976)
found exfoliation material in conjunctival biopsy specimens
from both eyes in 7 patients with clinical evidence of
unilateral exfoliation syndrome. Similar evidence was
obtained from ultrastructural studies in conjunctival
specimens from patients who only exhibited pigmentary signs
(these are described in section 1.7.3). Thus, the concept
that there is a preclinical (histological) stage in some

patients is now firmly established. Employing specular
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microscopy, Miyake and coworkers (1989) demonstrated
comparable morphological alterations (polymegethism and
pleomorphism) in the corneal endothelium of both eyes in
patients who clinically demonstrated only unilateral
exfoliation. This study concluded that corneal endothelial
changes are consistent with early manifestations of the
condition and that the fellow ’normal’ eye is in fact at a

preclinical stage of the disorder.

1.9 Gonioscopic features

The gonioscopic features in exfoliation syndrome/glaucoma
(Figs 1.18 & 1.19) are important in the early diagnosis of
the disorder (Gradle & Sugar 1940) and gonioscopy is

considered of value in assessing the risk of IOP elevation

(Sampaolesi 1959, Jerndal 1986, Montanes et al 1990b).

Sampaolesi’s line

Sampaolesi’s line is defined as a single wavy pigmented line,
superior to Schwalbe’s line and situated between 4 and 8 o’
clock position in the angle (Sampaolesi 1959); (Fig 1.19).
This line may extend onto the posterior face of the inferior
corneal endothelium. Occasionally, more than one line of
pigment, each parallel to the other, are observed (Sampaolesi
et al 1988). Sampaolesi’s line is found in between 63 and
98% of patients with the condition (Mizuno & Muroi 1979,
Konstas & Allan 1989, Montanes et al 1990b, Konstas & Dutton
1991). A significant correlation between increased IOP and
Sampaolesi’s line has recently been confirmed in a study of

263 cases (Montanes et al 1990b).
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Pigment in the angle

It has been suggested that increased pigmentation may be the
earliest detectable sign of the exfoliation syndrome (Wishart
et al 1985). Although few published studies actually record
their assessment of pigmentation, a densely pigmented
trabecular band has been consistently reported (Gradle &
Sugar 1940, Rouhiainen & Terasvirta 1990). In appearance the
angle in exfoliation syndrome is characterised by diffuse,
brown/slack pigmentation of heterogeneous distribution
(Jerndal & Svedbergh 1978, Montanes et al 1990b).
Considerably more pigmentation is seen upon the inferior
angle (Prince & Ritch 1986, Sampaolesi et al 1988), with
maximum pigmentation localised at the 6 o’ clock position
(Wishart et al 1985); (Figs 1.18 & 1.20). The intensity of
angle pigmentation correlates well with the severity of
exfoliation glaucoma (Montanes et al 1990b, Rouhiainen &
Terdsvirta 1990). Whether increased angle pigmentation is
attributable to enhanced shedding of pigment cells, or

reflects ineffective pigment removal is not known.

Exfoliation material in the angle

Exfoliation material may be seen gonioscopically in the

angle (Barkan 1936, Gradle & Sugar 1940) in between 5.6 and
50% of cases (Thomassen 1949, Joannides et al 1961, Tarkkanen
1962, Konstas & Dutton 1991). Exfoliation material in the
angle is not pathognomonic for raised IOP, since it is as
commonly found in normotensive patients with exfoliation
syndrome. When present, it has no typical pattern of

appearance, but is usually observed in the inferior angle

sometimes mingled with pigment (Sampaolesi et al 1988).
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1.10 Other clinical features

Fluorescein angiographic studies

Vannas (1969) was the first to use fluorescein angiography to
describe the anterior segment changes of exfoliation
syndrome/glaucoma. He documented extensive vascular changes
in the iris of 15 out of 20 cases with exfoliation syndrome
and 40 out of 41 cases with exfoliation glaucoma. In the 15
cases with exfoliation syndrome, the findings comprised 1)
early and pronounced fluorescence at the pupillary border, 2)
the presence of numerous, thin, tortuous new vessels in the
pupillary and ciliary portion of the iris and 3) profuse
leakage of fluorescein from these newly formed neovascular
'whorls’ (Vannas 1969). In cases with exfoliation glaucoma
the angiographic findings were even more pronounced with
vascular changes being more widespread, often involving both
the pupillary and ciliary portion of the iris. 1In 33
exfoliation glaucoma cases, Vannas (1969) was impressed with
the profuse leakage of fluorescein from the iris vasculature,
the presence of a rich neovascular network, the occurence of
microaneurysm-like buds, the phenomenon of venous stasis and
the absence of radial veins. Although fluorescein
extravasation was also noted at the pupillary margin of 33%
of the normal control eyes, none of the controls showed
evidence of neovascularisation, or leakage of stain at the

ciliary portion of the iris (Vannas 1969).
In a more recent study, Brooks & Gillies (1987) confirmed
Vannas’ findings. They performed iris angiography in 25

patients with exfoliation syndrome and found a varied degree
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of microneovascularisation (defined as a more subtle degree
of neovascularisation than that seen in neovascular glaucoma)
in 87% of their patients. This was accompanied by diminished
iris perfusion. The authors concluded that these features
are specifically related to the condition (Brooks & Gillies
1987). Furthermore, they described the development of
hypoperfusion and microneovascularisation in two previously
unaffected eyes after the clinical appearance of exfoliation

syndrome (Brooks & Gillies 1987).

1.11 Exfoliation syndrome and cataract

Presence of cataract

Most published reports have suggested a consistent yet
unexplained relationship between exfoliation syndrome and
cataract (Gradle & Sugar 1940, HOrven 1966, Taylor et al
1977, Roth & Epstein 1980, Madden & Crowley 1982, Forsius
1988, Konstas 1989, Ayed et al 1990). The reported clinical
figures for the prevalence of the condition in cataract
cohorts vary between 2.5 and 44% (Lindberg 1917, Hoérven 1937,
Irvine 1940, Bartholomew 1979, Guzek et al 1987, Forsius
1988, Olivius et al 1989, Walinder et al 1989). Similarly,
the prevalence of lens opacities in selected exfoliation
cohorts differs according to the study between 20 and 93%
(Trantas 1929, Tarkkanen 1962, Hoérven 1966, Layden & Shaffer
1974, Taylor 1980, Madden & Crowley 1982, Khanzada 1985,

Konstas & Allan 1989, Stefaniotou 1989, Montanes et al 1989).

Taylor (1980) believed that exfoliation syndrome was

positively associated with the development of cataract and
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