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SUMMARY 

Although the diaguosis may be difficult when a patient 
first presents with Mooren's ulceration, the clinical 
appearances are characteristic and should not be 
confused with other conditions which cause corneal 
ulceration. Based on the clinical presentation and the 
low-dose anterior segment fluorescein angiographic 
findings, there seem to be three distinct varieties of 
Mooren's ulceration: (1) Unilateral Mooren's ulcera
tion (UM), characterised by an excessively painful 
progressive corneal ulceration in one eye in elderly 
patients, associated with non-perfusion of the super
ficial vascular plexus of the anterior segment. (2) 
Bilateral aggressive M:o-Me.n's ulceration (BAM), 
which occurs in young patients, progresses circumfer
entially and, only later, centrally in the cornea. 
Angiography shows vascular leakage and new vessel 
formation which extends into the base of the ulcer. (3) 
Bilateral indolent Mooren's ulceration (BIM), which 
usually occurs in middle-aged patients presenting with 
progressive peripheral corneal guttering in both eyes, 
with little inflammatory response. There is no change 
from the normal vascular architecture on angiography 
except an extension of new vessels Into the ulcer. The 
management differs in each of these varieties. 

Mooren's ulcer, which was first described in 1849 by 
Bowman but became recognised as a specific clinical 
entity in 1867,1-3 has always been difficult to treat, 
partly because of its uncertain aetiology, its variable 
presentation and unusual geographic distribution. 

Mooren described this ulcer as 'a chronic super
ficial ulcer of unknown aetiology occurring in elderly 
people, which, with a characteristically undermined 
border and without perforation, progresses slowly 
IlIld unrelentingly accompanied by much pain, until 
the entire cornea may be involved?·3 

Characteristically Mooren's ulcers start with an 
intense limbal inflammation and oedema of the 
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episclera and conjunctiva but without scleral involve
ment (Table 1).4 The corneal changes start to form 
2-3 mm from the limbus, appearing first as a grey 
swollen patch of cornea which rapidly furrows, 
affecting the superficial one-third of the cornea. 
The furrow then spreads both circumferentially and 
centrally but does not perforate the cornea even 
though the whole surface may be involved. This 
whole process takes between 4 ahd 12 months.5,6 The 
bed of the furrow is vascularised, the vessels 
advancing right into the base of the characteristically 
undermined edge. The epithelium, although thick
ened, almost always remains intact throughout the 
illness. 

There has been a tendency among clinicians to call 
any peripheral corneal destructive change, in the 
absence of any obvious systemic disease, Mooren's 
ulcer. This has led to considerable confusion in the 
literature, making it almost impossible to decide 
which of the many treatments suggested are likely to 
be effective in a particular case. With the advent of 
monoclonal antibody therapy it is now becoming 
vital that all the immune-mediated diseases are fully 
characterised in order that the most appropriate 
therapy can be given. 

Since the original description of the disease it has 
become apparent that there are probably three forms 
of the disease and that there is a definite racial and 
geographic variation in the incidences of the dis
ease.5-7 The purpose of this paper is to outline the 
differences between these groups and describe the 
features which distinguish Mooren's ulceration from 
other forms of corneal destructive disease, and to 
discuss the various options for treatment. 

Table I. Features of all forms of Mooren's ulceration 

Crescent-shaped peripheral corneal ulcer which commences 
slightly central to the corneo-scleral limbus 

Extensive undermining of the central edge of the ulcer 
Stromal yellOW/White infiltrates in advance of the ulcer 
Central and circumlerential progression of the ulcer leaving a 

thin vascularised cornea behind 
No scleral involvement 
No detectable systemic disease 
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PATIENTS AND METHODS 

This study is derived from a review of 43 patients 
with Mooren's ulceration for whom records could be 
obtained, seen by the author between 1963 and 1996 
and referred to the scleritis and corneal clinics of 
Moorfields Eye Hospital, London and Adden
brooke's Hospital, Cambridge. Clinically three pat
terns of disease were observed: a unilateral 
aggressive painful disease in old people (UM; 9 
patients); a bilateral aggressive disease of young 
patients, usually of African, Caribbean, Indian or 
Arabic descent (BAM; 14 patients); and a bilateral 
indolent form of Mooren's ulceration seen in patients 
of all origins, the majority being of Indian extraction 
(BIM; 20 patients) (Table II). 

Since 1980 all the patients seen with this disease in 
the clinics have had low-dose anterior segment 
angiographY'·9 in an attempt to define the various 
forms of this disease more accurately. 

UNILATERAL MOOREN'S ULCERATION IN 
THE ELDERLY (Fig. 1) 

UM is rare, but once seen is never forgotten (Fig. 2). 
The patient, who is almost always over the age of 60 
years, presents with the rapid onset of a red and 
excessively painful eye, the pain being centred in and 
around the eye itself. UM is extremely resistant to 
analgesics, making the patient's life a misery. Only 
one eye is involved. 

On examination of the eye it is found to be red and 
congested, but the inflammation, which may be 
intense, does not extent beyond 3 mm from the 
limbus. The conjunctiva is suffused but there is no 
scleral inflammation and no necrosis of the sclera or 
conjunctiva. 
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Examination of the cornea reveals the typical 
features of a Mooren's ulcer, which may progress 
slowly or extremely rapidly around the globe from a 
single focal point. Anterior segment fluorescein 
angiography at this stage reveals venular occlusion 
of all the local episcleral and conjunctival vessels 
with the disruption of the limbal arcade and leakage 
from deep vessels at the limbus and at the base of the 
ulcer (Fig. 3). The progress of the ulcer is always 
accompanied by vascularisation of the ulcer bed, and 
these vessels, which always leak at their tips, run 
right to the very advancing edge of the ulcer. Left 
untreated, and sometimes in spite of treatment, the 
ulcer will advance around the globe and towards the 
centre. The epithelium of both the base of the ulcer 
and the remaining cornea remains intact. If the 
centre of the cornea is observed closely it can be seen 
to be thicker than normal and, as the disease 
progresses, becomes more opaque. Eventually the 
central corneal stroma is removed entirely and all 
that remains is a thin layer of scar tissue covering an 
intact endothelium and covered by epithelium 
derived from conjunctiva. At the time the stromal 
tissue disappears so does the pain. 

Eventually the eye settles down and often the 
scar tissue retracts sufficiently for the patient to see 
through the exposed Descemet's membrane. If this 
happens the patient is best left untreated, unless 
accidental perforation occurs, because it is almost 
certain that the same process will recur in the donor 
cornea of any corneal transplant which is applied. 
The ulcer in the new cornea starts and progresses 
in exactly the same way as the original ulcer, even 
to the extent of not affecting any grafted 
sclera. 

Table n. Differentiating features of the three types of Mooren's ulceration 

Feature 
Age 
Sex 
Laterality 
Clinical course 
Cornea 

Response to transplantation 
Angiography 

Race 

Trigger 

Treatment 

Unilateral Mooren's 
ulcer (UM) 
Old 
Usually female 
Unilateral 
Extreme pain 
All removed rapidly. 
Perforation very rare 

Recurrence of disease in graft 
Vaso-obliteration of superficial 
vascular networks with leakage 
from large vessels. Intense deep 
leakage. Vascularisation of ulcer, 
superficial and deep vessels 
Usually white 

Minor trauma/infection 

All treatments unsatisfactory 

Bilateral aggressive 
Mooren's ulcer (BAM) 
Young 
Male 
Bilateral 
Painful 
Deep peripheral ulcers. 
Slow central distribution. 
May perforate 
Recurrence of disease in graft 
Conjunctival and episcleral 
networks normal. Intense deep 
leakage. Ulcer vascularised from 
deep vessels 

Usually African/Indian/Arabl 
Chinese 
Trauma/infection 

Immunosuppression + treatment 
of any systemic infective disease 

Bilateral indolent 
Mooren's ulcer (BIM) 
Middle-aged or old 
Male and female 
Bilateral 
Discomfort 
Slow progression. Usually 
peripheral. Perforation rare 

Usually accepts transplant 
Superficial networks normal. 
Vasodilation of deep network. 
Ulcer vascularised from deep 
vessels 

Usually Indian 

Chronic systemic infection. 
Minor ocular trauma or infection. 
Local immunosuppressive 
therapy + supportive general 
treatment 
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(a) 

(c) 

BILATERAL AGGRESSIVE MOOREN'S 
ULCERATION IN YOUNG PEOPLE (Fig. 4) 

BAM is most commonly seen in the Indian sub
oontinent and in communities of Indian origin 
elsewhere, particularly in East Africa. It is also 
extremely common in some parts of West 
Africa.6,10,11 The patients, who are usually between 
the ages of 14 and 40 years, present with painful, but 
Rot excessively painful, eyes. When first examined 
they may have a typical ulcer in one eye but no 

Fig. 1. An elderly white patient with unilateral Mooren's 
ulceration (UM) showing all the typical features of intense 
limbal inflammation and an ulcer whose advancing edge is 
undermined and containing many blood vessels. The 
ulceration is preceded by corneal oedema but the epithelium 
is intact. (Reproduced from Young and Watson26 by 
permission of the British Journal of Ophthalmology.) 

(b) 

Fig. 2. (a)-( c) The progression of ulceration in a 65-year
old white woman with unilateral Mooren's ulceration (UM). 
The photographs were taken approximately 3 months apart. 
Even though the whole corneal stroma has been removed 
by the disease, no perforation has occurred and the 
epithelium has remained intact. 

obvious corneal disease in the other, even though the 
conjunctiva is congested. If this is the case, it is 
almost certain that, if left untreated, the previously 
unaffected eye will develop a grey patch within the 
corneal stroma, followed by others along the limbal 
margin some 2 mm from the edge. Within days these 
grey spots aggregate and tissue is lost, leading to the 
typical appearance of the Mooren's ulcer (Fig. 4). 
Angiography reveals changes in the architecture of 
the episcleral vessels with some areas of closure. 
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(a) 

There are no changes in the conjunctiva, but the 
angiogram reveals a break-up of the limbal arcade, 
extension of vessels into the bed of the ulcer and 
leakage from the tips of these vessels (Fig. 5). The 
ulcers, unlike the unilateral variety, may perforate 
spontaneously, and left untreated all the stromal 
tissue is eventually removed. 

(a) 
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(b) 

Fig. 3. (a), (b) Unilateral Mooren's ulceration (UM) in a 
75-year-old white man. The angiogram is taken at the 
advancing edge of the ulcer in the early venous phase. 
Although there is relatively little obvious inflammation at 
the limbus the angiogram reveals intensive leakage from the 
deep vascular plexus in that area. The superficial capillary 
and venous plexus is non-perfused and there is marked 
leakage from both the vessels in the ulcer and those in the 
limbal area, indicating activity of the ulcerative process. The 
limbal arcade ahead of the advancing ulcer is disrupted and 
there is non-perfusion of the superficial vasculature in this 
region. 

BILATERAL INDOLENT MOOR EN'S 
ULCERATION IN OLDER PATIENTS (Fig. 6) 

Patients with BIM, who are in their mid-50s or older 
present with both eyes being uncomfortable, though 
not particularly swollen or painful. The eyes seem to 

become involved with the ulceration at the same time 

(b) 
Fig. 4. (a), (b) Bilateral aggressive Mooren's ulceration (BAM) in a 25-year-old black South African patient. The disea 
progressed to this stage from its first presentation in under 6 weeks. (Reproduced by permission of Dr S. Sacks, St John 
Ophthalmic Hospital, Baraguanath, South Africa. ) 
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(a) (b) 

Fig. 5. (a), (b) Bilateral aggressive Mooren's ulceration (BAM) in a 40-year-old Indian resident in the United Kingdom. 
Angiography shows marked limbal inflammation with leakage from the deep vascular networks and extension of the vessels 
into the base of the ulcer. These vessels leak at their tips. However, the superficial vascular plexus, although dilated, is intact 
and normally perfused. 

(a) 

(c) 

(b) 

Fig. 6. (a)-(c) Bilateral indolent Mooren's ulceration 
(BIM) in a 60-year-old diabetic Arab patient who had a 3 
year history of discomfort in both eyes but did not seek 
advice until minor accidental trauma caused a perforation at 
12 o'clock (a). Angiography at the advancing edge of the 
ulcer shows no changes in the architecture of the superficial 
vessels and only a very slight vasodilation in the region of 
the ulcer (b, c). (Reproduced from Color Atlas of Scleritis 
by permission of Mosby Wolfe. ) 
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or within days of each other. However, the disease is 
often much more severe in one eye than the other. 
The ulcers do not progress aggressively, as in the 
other two forms of the disease, and, although most 
are gradually progressive, many will heal sponta
neously. Some of these patients may reactivate their 
disease after a long period, for no obvious reason. 
Angiography does not show any abnormality in the 
vasculature of the episceral or conjunctival circula
tions, only an abnormality of the limbal circulation 
and changes at the bases of the ulcer (Fig. 6). 

DISCUSSION 

It has long been recognised that the presentation of 
patients with Mooren's ulceration differs in different 
communities and that at least two types of disease 
oCCUr.5•7,lO,11 

In this review of 43 patients with Mooren's 
ulceration, some of whom were investigated with 
low-dose anterior segment fluorescein angiography, 
the clinical presentation and racial distribution, 
together with the angiographic appearances, suggest 
that there are three different forms of the disorder 
(Table II). 

Angiographically all are different from the other 
forms of destructive disease associated with the 
connective tissue disorders. In the connective tissue 
disorders such as rheumatoid arthritis the angio
graphic appearances are of vaso-occlusion of capil
lary and venular circulation of the episcleral and, if 
severe enough, the conjunctival circulation. In the 
vasculitic disorders such as Wegener's granulomato
sis and periarteritis nodosa these same networks are 
involved but there is marked vascular leakage and 
granuloma formation. This contrasts with the appear
ance in Mooren's ulceration, which is characterised 
by leakage from the deep vascular networks, i.e. 
those derived from the long posterior ciliary circula
tion. In the unilateral form of the disease (UM) there 
is also poor or absent perfusion of the superficial 
network; a change also seen to very much lesser 
extent in some severe cases of the bilateral aggres
sive disease (BAM). No superficial vascular changes 
can be detected in the indolent variety (BIM). These 
changes could be a reflection of the intensity and the 
difference in ages of the different form of the disease, 
but investigations so far do not seem to indicate this 
to be the case, rather that they are specific reactions 
for the different forms of the disease. 

The peripheral corneal ulceration seen in Moor
en's ulceration also differs from that found as a result 
of other degenerative inflammatory or iatrogenic 
disorders (Table III). The most common form of 
peripheral corneal ulceration accompanies the severe 
connective tissue disorders or a systemic vasculitis. 
Careful clinical observation will enable these various 
forms to be readily distinguished, and as the 
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Table III. Causes of non-inectious corneal destruction with 
inflammation 

Irradiation 
Beta irradiation 
Gamma irradiation 
Mitomycin 

Conective tissue disease 
Rheumatoid arthritis 
Systemic lupus erythematosus 

Vasculitis 
Periarteritis nodosa 
Wegener's granulomatosis 
Relapsing poly chondritis 

Mooren's ulceration 

treatments for the different types are very specific 
it is important that this differentiation be made. 

Destruction of the peripheral corneal tissue, which 
can occur with or without scleral changes, is always 
associated with changes in the limbal and episcleral 
vasculaturep,13 These changes are of dilatation, 
non-perfusion, leakage and new vessel formation in 
varying degrees. 

The most common form of peripheral corneal 
ulceration occurs in patients with rheumatoid arthri
tis in its vasculitic phase. The ulcers start as grey, soft, 
swollen areas within 2 mm of the limbus. If there is a 
scleritis it will usually start in this area but may 
rapidly extend, the advancing tip of the gutter 
progressing around the limbus. Rarely, several 
gutters can occur at the same time and coalesce. 
The thickness of the cornea may diminish very 
rapidly if untreated until it is all removed, leaving a 
descemetocoele which will perforate with the most 
minor trauma. On angiography the limbal vascula
ture shows venular non-perfusion and disruption of 
the limbal arcades, fine new vessels entering the base 
of the gutter. Epithelial loss is a rarity, and if 
ulceration occurs it indicates a very severe necrotic 
reaction. 

In patients who have a systemic vasculitis such as 
Wegener's granulomatosis and periarteritis nodosa 
the guttering develops in a different way. Character
istically, there is an immediate and intense leakage 
from the tips of the limbal arcades, which develop 
small new vessel loops which also leak.14 Granulo
mas develop in both the scleral and corneal side of 
these changes, destroying the tissue of the limbal 
area (this does not happen in any other situation). As 
the disease advances into the cornea the area in front 
of the advancing edge is grey, infiltrated but not 
grossly swollen. The new vessels advance to the edge 
of the guttered area. 

Keratolysis is an unusual disease of the central 
cornea in which the stroma disintegrates. The cornea 
in the area becomes swollen, the epithelium becomes 
irregular and may shed. Fine keratic precipitates 
often develop beneath the area affected. Left 
untreated the damaged area expands, often with 
alarming rapidity, to include the surrounding areas, 
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until the whole of the stroma is resorbed, leaving 
only Descemet's membrane which can easily rupture. 
These changes are often painless and most often seen 
in patients with long-standing rheumatoid arthritis. 

Because of the lack of scleral involvement, or any 
association with systemic disease, together with the 
spontaneous regression of inflammation once the 
stromal tissue has been removed, it has long been 
supposed that Mooren's ulceration is an immune 
process, most probably an auto-immune response to 
corneal stromal tissueY-17 Recent work by Gottsch 
et al.18 has confirmed that the serum of patients with 
Mooren's ulceration contains antibodies to a cornea
associated antigen (Co-Ag) which has been identified 
to be a tetramer of 7000 Da. Antibodies to Co-Ag 
were present in a1l 1S of the patients who were found 
to have Mooren's ulceration and none of the 
controls. No clinical details are given, but if it is 
found that all three forms of Mooren's ulceration are 
represented in their series then this indicates that the 
final pathways to corneal distruction are the same in 
all cases. However, a protein antigen different from 
Co-Ag and capable of reacting with serum antibodies 
from patients with Mooren's ulceration (BCP 11124) 
has been purified from bovine corneal epithelium by 
Kruit et al.19 Antibodies against corneal epithelium 
have been found in studies in China,20 the UK21 and 
Sierra Leone?2 However, they were not present in 
all the patients and were found in different titres in 
others. Furthermore, in Sierra Leone the antibodies 
were present not only in the patients but also in the 
controls. In the same study controls from subjects in 
the Netherlands had no antibodies. It is notable that 
the epithelium remains intact in patients with 
Mooren's ulceration, so it is possible that this protein 
is responsible for destruction of the cornea in certain 
forms of the disease and not in others. It is also 
possible that this antibody is induced from secondary 
changes in the epithelium which play a very active 
role in the transmission of cytokines to the stroma in 
destructive disease. The distinctive changes which 
occur have to be mediated through catabolic activity 
of the fibrocyte in the first instance. This is associated 
with reduced expression of tissue inhibitor of 
metalloproteinases (TIMP-1).23 Thereafter recruit
ment of a cellular immune response and cytokine 
activity perpetuate the destructive process.24-30 It 
was found in studies on destructive diseases of the 
cornea associated with rheumatoid arthritis that the 
collagenase activity was much more intense near the 
epithelial surface and associated with cellular infil
tration consisting of activated antigen presenting 
cells (HLA DR+), many of which were macrophages 
(CD 68+) derived from the limbus.23 The clinical and 
histological appearances of Mooren's ulceration 
would indicate that a similar sequence of destructive 
change occurs in Mooren's ulceration; however, the 

angiographic evidence indicates that the main 
inflammatory response is mediated through the 
deeper vessels direct to the stroma of the cornea. 

The differences in clinical presentation, angio
graphic appearance and type of tissue destruction of 
the various forms of Mooren's ulceration compared 
with those associated with the connective tissue 
disorders imply a difference in the triggers which 
induce the auto-immune process in the corneal 
stroma alone. The unusual geographical distribution 
might be caused by exposure to different organisms 
such as hepatitis C virus which could share cross
reacting epitopes, or to prolonged exposure to 
helminthic infection, which, because it causes a 
heavy antigenic load reduces the ability of the 
individual to react appropriately against other anti
gens.21,22,30,31  However, in three forms of Mooren's 
ulceration are found in all races in patients who have 
lived all their lives in developed countries, indicating 
that there may well be a genetic difference which 
allows the disease to develop in a different way. 

Whilst the factors which induce Mooren's ulcera
tion are unclear it does appear that there are three 
clinically and angiographically distinct forms of the 
disease which respond differently to treatment. In 
many patients the indolent form of the disease (BIM) 
resolves spontaneously with improvement in diet and 
treatment of any systemic infection or re-infestation. 
Others will respond to very intense (half-hourly) 
strong steroid preparation locally in addition. Local 
cyclosporin A may also have a role in these 
patients?O,32,33 

BAM is a rapidly advancing, blinding disease and 
needs aggressive therapy with systemic immunosup
pression, initiating treatment with 1 g methylpredni
solone given intravenously followed by local and 
systemic steroid therapy.4,34 It is important to treat 
any infective process before this if at all possible; if 
not, simultaneous antibiotic treatment is needed. 
This treatment may need to be combined with other 
systemic immunosuppressive therapy, but as other 
regimes of immunosuppression take about 2-3 weeks 
to achieve its maximum effect it is not very useful in 
the acute phase. Corneal surgery should not be 
attempted if at all possible, and certainly not in the 
acute phase of the disease until immunosuppression 
is complete. Cyanoacrylate glue over perforations 
will sometimes allow healing to occur.35 As the 
maximum inflammatory response is through the deep 
vascular tissue, excision of limbal tissue would seem 
to have little if any value in this situation. 

Unilateral Mooren's ulceration has been said to be 
readily treatable.4,7,3 6  This is not the experience in 
this group of elderly patients, all of whom were 
unresponsive to treatment. Now that it has been 
confirmed that the corneal destruction is an auto
immune response to the release of cornea-specific 
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antigens, aggressive systemic and local immunother
apy should be used. If this is unsuccessful, then 
removing the whole of the corneal stroma to the level 
of Descemet's membrane, which removes the source 
of the antigen, immediately relieves the intense pain 
and stops the inflammatory response?7 Corneal 
transplantation is rarely successful in these patients 
because of a high rate of allograft rejection and a 
recurrence of the disease process in the graft. 
Treatment in the future should be possible with 
specific monoclonal antibody therapy, but until then 
most patients can see a little through their scar and 
are usually happy to accept this. 

Key words: Mooren's ulceration, Anterior segment fluorescein 
angiography. 
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