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Summary 
'Pulsed' immunosuppressive therapy, using methylprednisolone with or without 
cyclophosphamide, has effectively controlled severe destructive corneal and scleral 
disease that had been unresponsive to oral steroids. Thirty-seven patients have 
been treated in this manner and the results, complications and possible mechanism 
of action are discussed. 

The corneal melting conditions and necrotis
ing scleritis can rapidly destroy vision; the 
former by corneal opacification or perforation 
and the latter by causing uveitis, glaucoma, 
hypotony, cataract, retinal detachment and 
optic atrophy. Many of these consequences 
can be avoided or reversed by immediate and 
effective treatment. 

So disastrous are these conditions that a 
variety of treatments has been tried. Topical 
non-steroidal anti-inflammatory agents or 
steroids are usually ineffective I and perfor
ation of the globe has been reported to follow 
the injection of subconjunctival steroids.2 
Some patients respond to systemic non-steroi
dal anti-inflammatory agents or high-dose 
oral steroids!.2 but others respond to neither. 
Surgery is never helpful unless the condition 
has already been treated because the destruc
tive changes may continue in the host and can 
also affect the margins of a graft. 

Steroids have long been known to amelior
ate disorders of the immune system' and to 
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prolong allograft survival. 4 The practice of 
using massive intravenous doses to sup
plement more moderate oral therapy emer
ged empirically in the late 1960s and acquired 

experimental respectability when skin 
allograft survival in rats was shown to be pro

longed by intravenous methylprednisolone, 
supplementing a low-dose oral regime.' 

It is now known that 'pulsed' steroid 
therapy can abort the rejection of renal 
allografts6.7 and moderate the course of 
glomerulonephritis,H.y SLE, 10.1 1.12 der
matomyositis, 13.14 polyarteritis nodosa, 15 rheu
matoid arthritisl6 and inflammatory eye 

diseaseY 
The immuno-suppressive effect of the 

alkylating agent. cyclophosphamide, arises 
from its capacity to inhibit lymphocyte 

mitosis, exemplified by its efficacy in the con
trol of Hodgkin's lymphoma.IH.I� It has been 
used to treat such immunological disorders as 
rheumatoid arthritis,""21 Wegener's gran-
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ulomatosis,22 localised orbital vasculitis,23 and 
Mooren's ulcer. 24 

The folic acid antagonist methotrexate has 
also been used to manage. Mooren's ulcer,24 
and peripheral corneal melts have been suc
cessfully treated with the purine antagonist, 
azathioprine. 25 

Many patients with severe, destructive cor
neo-scleral disease that is resistant to con
ventional therapy have been found to respond 
to high intravenous doses ( 'pulses') of methyl
prednisolone, often supplemented by cyclo
phosphamide. 1.17 Corneal or scleral defects 
may then be successfully covered by lamellar 
grafts. 

Cyclophosphamide and 'pulsed' methyl
prednisolone may be hazardous treatments 
and deaths have been reported during or 
shortly after methylprednisolone 'pulses. 26.27 
However, necrotising scleritis and the corneal 
melting disorders are inevitably destructive to 
the eye. It was hoped that 'pulsed' steroids 
and cyclophosphamide could control unre
sponsive disease and reduce or eliminate the 
need for prolonged, oral courses of these toxic 
drugs. This paper describes a preliminary 
uncontrolled assessment of this therapy and 
the results, complications and mechanisms of 
action are discussed. 

Material and Methods 

Patients (Table I) 
Thirty-seven patients with corneal destructive 

Table I. Patients 

disease or scleritis were treated with 'pulsed' 
immunosuppressive therapy between 1981 and 
1986, of whom 15 were males and 23 were females. 
Their follow-up ranged from 6 months to 3 years. 
They were seen as secondary referrals at the Scle
ritis Clinic of Moorfields Eye Hospital, City Road, 
London; Addenbrooke's Hospital, Cambridge; 

and The University Eye Clinic, Vancouver (Mf. 
Dubord). 

The ocular and systemic conditions from which 
. the patients were suffering are categorised in Table 
I. Four patients had both pre- and post-equatorial 
scleritis. Three of them (two with Wegener's gran
ulomatosis and one without discern able systemic 
pathology), whose anterior disease was inactive at 
the time of 'pulse' therapy, are classified as pos
terior scleritis. The remaining patient had necrosis 
of his entire superior anterior segment to behind 
the equator and is categorised as necrotising 
anterior scleritis. 

Patients with corneal destructive disease had all 
failed to respond to topical steroids prior to their 
referral. Topical steroids were never used by us to 
treat scleral disease, but every patient with diffuse 
or nodular scleritis had received a non-steroidal 
anti-inflammatory agent. 

All but four of the subjects had also been unre
sponsive to, or intolerant of, a two-week course of 
oral prednisolone (starting at 60 mg/day and reduc
ing to a maintenance dose of 10 mg/day). The four 
patients whose aggressive disease demanded imme
diate intervention suffered from Moorens ulcer, 
diffuse anterior scleritis, necrotising anterior scle
ritis, and posterior scleritis respectively. 

Prior to treatment, the incidence of anterior. 
uveitis (cells and flare in the anterior chamber and 
occasional posterior synechiae) was as follows: 

Associated systemic or local pathology 

Wegener's Relapsing Systemic Cataract Type of corneal or 
scleral disease No M: F Rheumatoid granulomatosis polychnondritis vasculitis extraction None 

Corneal Mooren's 
guttering ulcer 

Anterior 
scleritis 

Posterior 
scleritis 

TOTAL 

Peripheral 
corneal 
melt 

Diffuse 
Nodular 
Necrotising 

6 4:2 

1:4 

6 4:2 
3 1:2 

13 6:7 

4 1:3 

37 

2 

4 

2 2 

11 3 4 

2 

2 

6 

3 
2 
3 

16 
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Peripheral corneal melts 2: 5 
Mooren's ulcer 2:5 

(Case 6 was seen after a failed 
penetrating keratoplasty) 

Diffuse anterior scleritis 3: 6 
Nodular anterior scleritis 2: 3 
Necrotising scleritis 7: 13 
Posterior scleritis 0: 4 

Treatment 
The management regime was selected following 
subjective clinical evaluation in patients with 
severe scleral disease. 

Because both drugs are potentially hazardous, all 
the patients were hospitalised. The results of a full 
physical examination, blood count, electrolytes, 
chest X-ray and ECG were considered before a 
decision was made to administer either drug. In the 
light of these, the clinician also selected the dose of 
methylprednisolone (0.5 or 1. 0 gm) and decided 
whether cyclophosphamide was to be used in 
addition. 

Eight of the 37 patients were treated with methyl
prednisolone alone and the remainder also 
received cyclophosphamide. Corneo-scleral 
defects were later covered by lamellar grafts. Cor
neal perforations were closed by glueing, followed 
if necessary by penetrating keratoplasty. 

Methylprednisolone and cyclophosphamide 
were given concurrently: 

Methylprednisolone 
500 mg or 1 gram of methylprednisolone was dis
solved in 100 ml of 4 per cent dextrose/saline and 
administered by slow intravenous infusion over one 
hour. 

Cyclophosphamide 
A 500 mg bolus of cyclophosphamide was injected 
into a fast running 4 per cent dextrose/saline infu
sion. Unless there was a specific contraindication, 

Table II. Pain relief 

Type of corneal or scleral d isease No 

Corneal guttering Mooren's ulcer 6 
Peripheral 

corneal melt 5 

Anterior scleritis Diffuse 6 
Nodular 3 
Necrotising 13 

Posterior scleritis 4 

TOTAL 37 

oral fluids were encouraged and a further two litres 
of 4 per cent dextrose/saline (with potassium sup
plement where appropriate) was administered 
during the ensuing 24 hours in order to reduce the 
risk of cyclophosphamide-induced haemorrhagic 
cystitis.28 

Where patients were already taking a mainten
ance dose of steroid and/or cyclophosphamide, this 
was continued unchanged throughout the 'pulse' 
therapy. The dose of each was then reduced until a 
new maintenance regime was established. This con
stituted the dose below which the disease reacti
vated: an event that occasionally promoted further 
'pulse' therapy. If patients were taking no systemic 
steroids or cyclophosphamide at the time of their 
first 'pulse', no maintenance treatment was offered. 

Assessment 
The efficacy of treatment was assessed by the fol
lowing objective findings: 
(1) The arrest of disease progression. 
(2) Subsidence of inflammation. 
(3) Maturation, regression or closure of new 

vessels. 
(4) Reversal of corneal changes (if present). 

The relief of pain was also recorded when this 
was relevant. 

Results (Tables II and III) 
'Pulse therapy' resulted in objective improve
ment in 29: 37 patients, of whom 9 underwent 
corneo-scleral grafting after disease activity 
had been suppressed. Seven patients 
responded to methylprednisolone alone, but 
the remainder also received cyclophospha
mide. In the 29 subjects responding to treat
ment it became possible to reduce 
maintenance steroid therapy to less than 

No of patients with pain 
relief 24 hours after 

No of patients with pain pulsed methylprednisolone 

6 3 

o 0 

6 6 
3 3 

13 1 1  

2 2 

30 25 
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Table III. Outcome of therapy 

Patients with objective improvement after pulse therapy 

Methyl 
Methyl prednisolone + Failures 

Methyl prednisolone + cyclophosphamide -----------
Type of corneal or scleral disease No prednisolone cyclophosphamide + graft No Comments 

Corneal Mooren's 
guttering ulcer 6 o 

Peripheral 
corneal melt 

Anterior 
scleritis Diffuse 

Nodular 3 o 
Necrotising 13 

Posterior scleritis 4 

TOTAL 37 7 

10 mg prednisolone/day. Oral cyclophospha
mide never exceeded 150 mg/day. 

Although pain characterised anterior scle
ritis and Mooren's ulceration, it was not 
experienced by patients with other forms of 
corneal guttering or by two subjects with pos
terior scleritis. Its relief by high dose methyl
prednisolone therapy was unequivocal: it 
invariably occurred within 24 hours, and was 
so dramatic that some patients were able to 
sleep without analgesia for the first time in 
months (Table II). However, four such 
patients, suffering respectively from Moor
en's ulcer, nodular scleritis and necrotising 
scleritis (x2), did not continue to sustain a 
remission, even after repeated 'pulses'. 

Anterior Scleritis (22 patients) 
Diffuse, nodular and necrotising scleritis all 
responded equally well, but 5 patients with 
necrotising scleritis also required lamellar cor
neo-scleral grafting. 

Of 22 patients, one with nodular scleritis 
and two with necrotising scleritis failed to 
respond to methylprednisolone alone or in 
combination with cyclophosphamide. One of 
the latter was a 74 year old man who presented 
with necrosis of the entire sclera of the upper 

2 
4 

13 

o 

o 

9 8 

Both responded to 
cyclosporin A 

Perforation during treatment 

Heavily steroid-dependent 
after five pulses of methyl 
prednisolone + 
cyclophosphamide 

Responded to cyclosporin A 
i Anterior segment necrosis: 

eye became phthysical 
ii Additional plasma 

exchange required 
iii Cyclophosphamide 

withheld 

globe from the limbus to behind the equator. 
After 'pulse' therapy and corneo-scleral graft
ing his pain was relieved, but vision was lost 
and the eye became phthisical. 

Posterior Scleritis (4 patients) 
All the patients in this group responded to 
therapy with one or both drugs. 

Corneal Guttering 
Mooren's ulcer (6 patients) 

Of six patients, only one responded to 
'pulses' of methylprednisolone and cyclo
phosphamide alone. Three were successfully 
managed by lamellar excision and replace
ment of diseased cornea after two 'pulses' of 
methylprednisolone and cyclophosphamide 5 
days apart. The remaining two patients 
responded to cyclosporin A therapy. 

Other peripheral corneal melts (5 patients) 
All five subjects suffered from rheumatoid 

arthritis and three developed corneal perfor
ations. In two patients these had arisen prior 
to treatment: the cornea of a 51 year old 
woman healed after glueing accompanied by 
'pulse' therapy, and a 65 year old man 
required a penetrating keratoplasty. One 63 
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year old woman experienced corneal perfor
ation during treatment. 

Complications 
Methylprednisolone 

Single and repeated doses of 500 mg and 
1 gm were well tolerated by most paients. 
Some suffered from electrolyte disturbances 
(hypokalaemia), weight gain, sleep disturb
ance and depression. 

A 69 year old woman with posterior scleritis 
was noted on admission to have an abscess on 
her nose. One week after her second dose of 
intravenous methylprednisolone with cyclo
phosphamide she was readmitted with a sta
phylococcal pneumonia that responded 
rapidly to parenteral antibiotics. 

One patient in our care, who was not a 
participant in this study, died within 48 hours 
of receiving 500 mg methylprednisolone i.v. 
He was a normotensive 73 year old man with 
bilateral choroidal effusions complicating 
systemic sclerosis. He died in clinical left ven
tricular failure which became complicated by 
a pneumonia. At post mortem virtually all 
small arteries showed medial sclerosis and 
most were obliterated. His death was thought 
to be a consequence of his disease and not his 
treatment. 

Cyclophosphamide 
Single intravenous doses of cyclophospha

mide have been well tolerated, however one 
75 year old woman with posterior scleritis 
complicating rheumatoid arthritis developed 
agranulocytosis after 2 doses separated by 4 
day's. She recovered upon withdrawal of 
cylcophosphamide. Haemorrhagic cystitis did 
not complicate intravenous cyclophospha
mide therapy. 

Patients taking oral cyclophosphamide 
have suffered from hair loss (4 patients), 
haemorrhagic cystitis (3 patients) and pan
cytopoenia (one patient). The drug had to be 
withdrawn in 3 cases. 

Discussion 
Administration of high-dose intravenous 
methylprednisolone, alone and in conjunc
tion with cyclophosphamide, controlled 
destructive corneal and scleral disease. This 
was the initial means of steroid treatment in 

four patients with exceptionally severe 
disease; the remainder had all failed to 
respond to oral prednisolone. The rarity of 
such pathology (even in specialist centres), 
the variety of presentations and the frequent 
need for surgical intervention precluded con
trolled comparisons of different treatments, 
but 25/30 patients (83 per cent) experienced 
dramatic pain relief and 29/37 (78 per cent) 
entered a period of clinical remission of their 
disease. Those with Mooren's ulcer 
responded less consistently than others with 
corneal melts or with scleritis. The reason for 
this is unclear, but it does emphasise probable 
differences in aetiology. 

Complications 
Both methylprednisolone and cyclophospha
mide had a predictably high incidence of side
effects, confirming the results of other studies. 

The electrolyte disturbances that arose 
after methylprednisolone were easily reversi
ble, and the psychological symptoms were 
transient. However, the reports of unpredic
table death, during and after infusions of 
methylprednisolone that had been given with 
appropriate caution, remain a matter of great 
concern. 

Cyclophosphamide appeared to be safe 
when given as a single intravenous bolus to a 
well-hydrated patient, but complications 
arose when infusions were repeated and 
during prolonged oral therapy. Of the many 
known complications (which also include 
ovarian failure,29 azoospermia,30 pulmonary 
fibrosis,3! haemolytic anaemia,32 chromoso
mal damage,33 teratogenesis34,35 and malig
nancy36), our patients experienced haemor
rhagic cystitis28 and alopecia. 37 Most showed 
some marrow depression (particularly lym
phocytopoenia) and macrocystosis. 38 One 
patient suffered severe marrow aplasia which 
was reversed when the drug was withdrawn. 
The potentially lethal complications of 
agranulocytosis or marrow aplasia demand 
careful monitoring of peripheral blood: twice 
weekly during the inception of therapy and 
monthly thereafter. 

Corticosteroids 
Since most of the patients reported had failed 
to respond to oral steroids, the effectiveness 
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of high intravenous doses is remarkable. In 
order to understand this, the action of steroids 
upon the immune system deserves further 
consideration. 

Glucocorticoids may influence the immune 
response by a central action upon the 
reticuloendothelial system, or by interference 
with inflammation: 

Central Action 
Steroids alter the turnover of leukocytes 

and their partition between intra- and extra
vascular compartments. 

After a large steroid infusion the neutrophil 
leucocyte count rises for 1 to 3 days, reflecting 
mobilisation of cells from the marrow, an 
increase in their half-life39 and decreased 
diapedesis. 40 

The lymphocyte count falls to a nadir at 4 
hours, returning to normal within 24 
hours,5,16,41,42,43 because of the loss of T-Iym
phocytes from the circulation.I6,42A3 These 
accumulate in the bone marrow,44A5 where 
they retain their immunocompetence. 4s This 
probably reflects abnormal lymphocyte recir
culation in which cells can leave the blood, but 
are not returned via the thoracic duct. 46,47 

Various T-cell subsets are affected dif
ferently,41 probably because their ability to 
metabolise the drug differs,48 and the ratio of 
circulating helper/suppressor cells falls. 43 
However, the relevance of this is unclear, 
since the synovial fluid H/S ratio in rheu
matoid arthritis is not changed by steroid 
"pulses' . 49 

Steroids also inhibit T-cell replication in 
response to mitogens, and some clones are 
more sensitive than others. The action of 
mitogens upon steroid-sensitive clones can be 
partially restored in vitro by repleting mac
rophage numbers with cells harvested prior to 
steroid therapy. 41 Macrophages and certain 
T-Iymphocytes are known to secrete a T-cell 
growth factor: its synthesis is triggered by 
mitogens, but then becomes autonomous, 
and glucocorticoids inhibit its release into the 
supernatant of cytotoxic T-cell lines. 50 

Peripheral Action 
The half-lives of prednisolone and methyl

prednisolone are only 2---4 hours,SI and their 
effect upon lymphocyte recirculation is over 
within a dayY However, a steroid 'pulse' 

usually depresses clinical inflammation for as 
long as a week, prompting the suggestion that 
bolus steroid therapy impairs the effector 
component of the inflammatory response. 16 In 
support of this, methylprednisolone does not 
modify the arteritis that accompanies experi
mental serum sickness in rabbits, although it 
aborts the associated fibrinoid necrosis. 52 

Corticosteroids do not affect complement, 
polymorphonuclear leucocyte chemotaxis 
and function, or lysosyme,48 but their long
lived anti-inflammatory affect may result from 
interference with the action of macrophage 
inhibitory factor53 or the inhibition of prosta
glandin synthesis. 54 Phospholipase A2 cata
lyses the synthesis of the prostaglandin 
precurser, arachidonic acid, and steroids are 
known to induce the synthesis of macrocortin: 
a phospholipase A2 inhibitor. 55 

High-dose Methylprednisolone 
The discrepancy between the effects of oral 

prednisolone and intravenous methyl
prednisolone probably reflects a difference in 
dosage, rather than in the route of administra
tion, and oral 'pulses' may prove equally 
effective. 756 Endogenous and synthetic 
steroids permeate cell membranes, but 
become reversibly bound to plasma receptors 
for their transport to the nucleus. 48 The comp
lement of nuclear steroid receptors in lympho
cytes may be increased by mitogens,57 but the 
profound effects of methylprednisolone in 
doses such as were used in this study almost 
certainly reflects saturation of this system. 

A steroid 'pulse' differs from chronic mod
erate-dose therapy in its ability to 'reset' an 
aberrant immune response: inhibition of the 
proliferation of lymphocyte clones, the tem
porary removal of recirculating T-lympho
cytes from the blood and eye and the 
profound suppression of peripheral inflam
mation all occur simultaneously. 

The discovery that such a manipulation 
induces long-term remissions may enhance 
our understanding of destructive corneal and 
scleral disease. One interpretation is that anti
gens are exposed or created by mechanical, 
viral, bacterial or autoimmune injury, and 
thereafter perpetuated by the inflammatory 
response. In such a system a 'pulse' may abol
ish the source of antigen at the same time as it 
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suppresses the immune response. When 
memory T-Iymphocytes recirculate, the 
disease falters in the absence of antigen. 

Cyclophosphamide 
This alkylating agent cross-links guanine 
groups in DNA, interfering with protein syn
thesis and with mitosis: particularly in cells of 
the lymphoid series. B-cells are most sensi
tive, but T-cells are also depleted,21 and cell
mediated immunity is depressed. 58 

If the suppression of lymphocyte mitosis is 
an essential part of the action of 'pulsed' 
corticosteroids, cyclophosphamide should 
synergise with methylprednisolone. It was our 
impression that cyclophosphamide did indeed 
enhance the success with which methyl
prednisolone therapy achieved and main
tained remission, but the lack of matched 
controls precludes this interpretation of our 
results. 

Where there is no immediate risk to vision, 
it remains our practice to give every patient 
with diffuse or nodular scleritis a non-steroi
dal anti-inflammatory agent (usually flur
biprofen). Although the subjects with corneal 
guttering in this study had already received 
topical steroids, we do not normally adminis
ter them to patients presenting to us. 

Failure to respond to such treatment is an 
indication for a short course of oral steroids as 
outlined above. Patients with exceptionally 
severe destructive corneal or scleral disease 
may occasionally receive pulsed methyl
prednisolone (with or without cyclophospha
micie) at presentation, but we normally 
reserve this form of treatment for those who 
have failed to respond to oral steroids. 

The centres participating in this study are 
attended by over 1 ,000 patients with inflam
matory corneal and scleral disease of pre
sumed auto-immune aetiology. The small 
number of patients described in this paper 
reflects the success of non-steroidal anti
inflammatory agents and oral steroids. How
ever, such treatments may sometimes be inef
fective or insufficient. In these circumstances, 
'pulsed' methylprednisolone and cyclophos
phamide have been found to be effective and 
invaluable in the control of an otherwise dev
astating disease. It has to be recognised, how
ever, that both methylprednisolone and 

cyclophosphamide are dangerous drugs and 
should be reserved whenever possible for 
patients whose disease has failed to respond to 
conventional therapy. 
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