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The nurpose of this paner is to review the
literature on the use of cortisone in eye disorders.
As far as nossible, I have tried to correlate the
diseases in which this agent is successfull with
the preferratle methocd of treatment. It was necessary
to include the failures of this drug as well as the
contraindications so that one reading this paper
could gain a fairly good insieght into the complete

use of tnis agent in the treatment of eye vathology.
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History of the Development of Zortisone

In 1849 Addison demonstrated that the adrenal
cortex was egsential for life and showed that tnere
was a difference be'ween the action ¢f the adrenal czortex
and that of the adrenal medulla. In 1904 epinephrine
was first isoleted from the adrenal medulla, wnere it
1s nroduced. 1Investigations of the adrenal cortex
carried out durlng the decade of 1930-1940 v,
Wintersteiner, Pfiffner and Reichstein resulted in
the isolation of no less than 28 crystalline compounds.
Of these, only four showed significant physiolosic
activity when tested in small znimals. These compnounds
were designated by the letters A, B, E, and F. (1)
These differed only in the number znd v»osition of
hydroxyl and ketone grouns. In 1941, the National
Research Council nlaced the hormones of the adrenal
cortex on the top of its war agenda beeause of their
nossible value in aviation medicine and in the
treatemet of shock and battle fatigue. (2) By Aporil
of 1948, a few grams of cortisone acetate or Comvound
E were avallabel. It was first used on rheumatoid
arthritis, but after the announcement that cortisone
oroduced remissions, many czlinicians 1in many cifferent
institutions initiated the use of cortisone in many

other cond*tions, including ocular diseases. (3)
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Theories of Action of Cortisone

In contrast to hormones of pituitary origin,
and like other hormones extracted from tne adrenal
gland and tie gonads, cortisone is a steroid.
Considering that there exists steroid hormones of
precisely opnoaslte biologic effects, e. g., estrogens
and androgens, and tinat certain steroids have no
direct hormonal effect, e. g., cholestercl, it is a
matter of continued wonéer that all these compounds
have a common structure, a four ring arrangement of
some 18 carbon atoms. (4) The varied biologic effects
are correlated with various chemical groupns attached
to certain cf these atoms. n the oasis of studies
to date, it would aprnear that the antirheumatic
oroverties of steroid compounds are dependent on the
presence of the foliowing structural characteristics:
a ketone group at carbon 3, either a ketone or a
hydroxyl groun zt carbon 11, a ketone group at
carbon 20, hydroxyl grouvs at C-17 ané C-21, and a
double bond between carbon atoms 4 and 5. Cortisone
and 17-hydrocorticosterone (compound F) are the only
known steroids which meet these reguirements.,

These steroid differences may be simply illustrated
Dy three adrenal hormones, whose structural formulas

are given on the next page.
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At the upper left 1s cortisone, whose healing effeets
in certain ocular diseases will be discussed in this
paper. At the upper right 1s desoxycorticosterone,
which has no healing effects whatever on inflammation,
but which has been of great clinical use in treating
metabolie disturbances of Addison's disease. The
chemical differences are at the carbon atoms carrying
the nufibers 11 and 17. Desoxycorticosterone has no
oxygenated groups at 11 and 17, while cortisone has
a double-bonded oxygen (ketone) at 11 and a hydroxyl
group at 17. Corticosterone, one of the first adrenal

hormones worked out by Kendall, is 1llustrated at the
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bottem. This differs from cortis.ie in naving a
hydroxyl groun at 11 and no oxygen at all at 17.

The srezat biologic differences consequent on the:e
gseemingly small chemical ones can be further
i1lustrated by contrasting the effects of cortisone
and desoxycorticosterone in the patient with Addison's
dise=asge,

Desoxycorticosterone causeg the kidney to retain
sodium and lose wnotassium. Cortisone has the same
effect but to a far less desree, milligram for
milligram of hormone. Desoxycorticostercne has no
effect whatever on carcohydrate metavolism; it does
not restore the flat glucose tolerance curve often
seen in Addison's disease, nor does it prevent
hynoglycemic attacks. Cortisone on the other hand,
restores normal glucose tolerance in Addison's
disesse and can orevent hyroglycemia. (6)

In normal subjects prolongea administration
of large dnges leads to a diabetic state, which
usuzlly disannears when therapy is stopped. If
this diavetes is uncontrolled, it serves as a
second mechanism of excessive urinary loss of
notassium. (7)

Azain in Addison's disease tnere =re definite
cerebral cnanges, which can be shiown by the benavior
of the natient and by electroencephalograms. These

are not reversed by desoxycorticosterone; they are

reversed by cortisone. (8)
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S0 while 1t can be shown that the chemilcal
formula of cortisone 1s gnecificeally essential for
its biologic activity, little is known of its actual
mode of actlion. Many 1solated facts are known about
its sction, but they have not vet neen nut torether
in any osttern. It vnossesses the ability of denressing
the resnnnse of tissues to allergic states and of
blocking the effect of inflammatory and toxic
substances, which in opnthalmology may be particularly
important.{(9) They do not alter the underlying
allergic stste, for once treatment is stoonpec, the
allergy continues unchanced and the tigsues are

again able to respand to the allergen.
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Cortisone Therapy in Specifiec Ocular Disorders

The most striking point in the action of eortisone
1s 1ts dramatically quick effeet in acute inflammatory
eonditions when the tissue reaction 1s still largely
vascular and lymphatic in nature. Thus, in acute non-
granulomatous iritis, when the disease 18 characterized
by ciliary congestion, edema of the iris, and a protein
and ceTlular exudate in the aqueous, all symptoms are
quiekly controlled in a most amazing manner. (10)
If the acute inflammatory reaction can thus be success-
fully eontrolled until the attack would normally burn
itself out, the symptomatic therapeutic effeet appears
complete. This is the picture usually observed in acute
non-granulomatous iritis, in scleritis, in allergic
reactions of the external eye and 1ids, in early
sclerckeratitis, in interstitial keratitis before the
stage of necrosis, and in central serous ehoroiditis.
Where acute inflammation is the predominant and almost
the only feature, symptomatic cure may be immediate and
prompt. On the other hand, in granulomatous disease whepe
the ocular inflammations are characterized by a heavy
celliusar infiitration of the tissues--such conditions
as choroidal exudates, sympathetic ophthalmia, tubercul-
ous uveltis, and virus infections--and where the edema,
vascular dilatation, and exudation are secondary to

the tissue involvement, the immediate effect of this
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agent i1s 1limited to control of edema, external inflamm-
ation, and vitreous exudation. Acute choroidal exudates,
tissue infiltration, and tubercles are not primarily
affected. (11) Choroidal exudates become circumscribed
and, in the absence of a surrounding inflammatory reastion,
gradually grow smaller, and are either finmlly absorbed

or undergo glial change.

In short, in granulomatous uveal disease, the actual
effeet of cortisone appears to be limited to the control
of the exudative and inflammatory phases of the reasction.
While inflammation is controlled, when actual healing
occurs 1t 1s not the result of the adrenocortical hormone
action, but rather the result of either the normal factors
of resistance or other specific therapy which may have
been instituted. Undoubtedly, however, the control of
inflammation and edema in some granulomatous diseases may
facilitate the healing process.

Experimental studlies on the effeet of these agents
on ocular inflammation, as well as clinical observations,
have shown that the therapeutlic response 1s largely on
a quantitative basis, commensurate with the amount
of the agent used. (12) Thus, in both experimental
and clinical inflammations of moderate intensity, the
ophthalmic reaction can be completely controlled by
the administration of a large dose of cortisone, modified
by a moderate dose, or only slightly affected by a

minimum dose. However, if in experimental inflammation
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the insult to the eye i1s extreme, be 1t caused by
bacterial infection, irritants, or allergy--even large
amounts of cortisone will not control the ensuing
reaction.

The action of this agent i1s not absolute in con-
trolling inflammation. It has very definite limitations
and an intense inflammatory reaction may be too severe
a test for its capabilities.

In certain inflammatory conditions of the eye,
notably secondary glaucoma, optic neuritis, intersti-
tial keratitis, and cloudy corneal grafts, the action
of cortisone may be variable.

In secondary glaucoma, there have been reports of
100% cure, (13), 50% cure, and actual development of
the condition when iridocyelitis and generalized uvelitis
was being treated with cortisone. (14) From the cases
observed it was the impression that, if the secondary
glaucoma was due to an early and active cyclitis, it
gould usually be controlled. On the other hand, in
cases of longer duration where there might be an actual
mechanical obstruction at the angle due to inflammatory
debris or anterior peripheral synechlas, the econtrol of
a hypothetical increased ciliary output would have no
effect on the tension. It is possible that the occur-
ence of secondary glaueoma complicating parenteral
cortisone therapy may be actually related to the hormone

therapy, possibly to a sodium chloride retention with
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increase in plasma and extracellular fluid volume.
If this were true, some tendency to elevated ocular
tension might be expeeted to occur in patients with
normal eyes wno are receiving cortisone for some -
non-ocular disease. This was checked and no such
elevation was observed, so the solution of this
paradox is not yet at hand.

Mueh more work 1s needed to clarify the action
of cortisone in optic neuritis. If the optic neuritis 1is
secondary to a demyelinizing process, 1t 1s difficult
to decide whether any apparent improvement 1s a natural
remission or is the result of therapy. Cases of apparent
multiple sclerosis have been seen in which the
accompanying optic neuritis appeared benefited by the
hormone therapy. In cases of optic neuritis due to
infection, syphilis, virus disease, and so forthk one
would naturally expect a favorable result, and in two
such cases a favorable result was obtained. The method
of administration here appears quite important. The
favorable results were obtalned only in cases treated
parenterally. Topical treatment, including orbital
injection, was not efficacious.

The results in the interstitial keratitis of
congenital syphilis reported are somewhat inconsistent,
and are not in full accord. The earlier the treatment
1s started in the discase, the better the results, and

topical application of cortisone appears superior to
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the parenteral administration. In several early cases,
all treated topically, the inflammatory reaetion and
corneal haziness could be increased or decreased by
lessening or increasing the interval between treatment.
(15) The favorable results were obtained almost uniformly
in early cases, regardless of the presence or absence of
vaseularization, but continued treatment over a long
period@ was necessary to control the disease finally.
Even with continued treatment recurrences were common

as the dosage was decreased or treatment terminated

too s8oon. In late cases, both systemic and topical
treatment was inefficacioua. It seems probable this
varying response of interstitial keratitis may be due to
the underlying pathology of the disease. 1In the early
steges, the fundamental process 1s edema and cellular
infiltration of the stroma. If treatment 1s instituted
and maintained in this stage, symptomatic relief may be
expected. In the later stages actual necrosis occurs

in the corneal stroma, with secondary scarring. Here
control of an exudative reaction would have little appre-
clable .effect on the clinical picture.

In contrast to the définite response to hormone
therapy showu .y acute and chronic inflammatory disease,
the diseases usually classed as degenerative falled to
show any appreciable response to treatment.(16)

This included cases of degenerative disease of the
cornea, retina, optic nerve, and choroid. The

conditions treated were epithelial and endothelial dys-
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trophies of the cornea, bullous keratitis, band-
shaped keratitis, juvenile and senile macular
degeneration, pigmentary degeneration of the retina,
diabetic retinopathy, Eales's disease, Coats's
disease, retrolental fibroplasia, and malignant
exopthalmos. This 1s indeed what might be expected.
Dramatic as 18 the effect of these agents in inflamm-
atory and exudative disease, they cannot be expeeted
to impart new life to dead and degenerated tissue.
Possibly in early cases they might have some effect in
the control of a primary edema when such 1s present

in the degenerative processg and it 1s concelvable
that early pigmentary degeneration of the retina might
be influenced by the melanophore hormone contained

in ACTH, but once actual degeneration has taken place,
no real improvement would appear possible.

Of the cases of retinitis pigmentosa that have
been treated with cortione, no improvement or only
doubtful imorovement has been noted. (17)

The cases of Herpes Zoster Ophthalmicus that have
been treated with cortisone, have responded very
favorably with this therapy. A dramatic response to
eortisone was noted in cases of Acne Rasacea Kerato-
conjunetivitis. Therapy was not successful with

vitreous abscess.
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Methods of Treatment with Cortisone

It has been demonstrated that cortisone has a
definite local action shieh ACTH has not, since 1t
acts throught stimulation of the adrenal cortex.
The present commercial preparation of cortisone is,
however, almost completely insoluble in saline, and
applied topically, absorption is obviously slight
and slow. (18) It 18 not known whether or notiit
acts on the inflamed tissues in its present form, or
after some intermediary change. It seems true that in
one form or another cortisone acts directly on the
tissues. Furthermore, it has been shown that its
action 18 a quantitative one. Therefore, in allergic
eonjunetival inflammation, in keratitis of on kind or
another, in scleritis, and in anterior iritis ( when
sufficient absorption takes place to affect the iris),
the topical application 1s ideal in that it allows
the direct application of a relatively high concentration
to a small area, regquires a much smaller amount of the
agent, permits a protracted period of treatment, and
minimiaes the danger of untoward effects. (19) What
is most important, experiments have proven that topical
use of cortisone gives equal if not better results 1in
anterior inflan .tion than is obtained by the parenteral
injection of either ACTH or eortisone. On the other
hand, there seems to be no evidence that sufficlent
cortisone is absorbed after topical application to pro-

voke systemlic response. Cortisone applied topically
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does not affeet the eosinophil count, and any action
it may have on deep ocular inflammation 1s certainly
delayed and highly variable. Therefore, in disease of
the posterior ocular segment, it appears wiser to
administer either ACTH or cortisone parenterally where
the experilienee of all observers indicates it has a
profound and widespread systemic action.

8o the indications for parenteral and topical
administration appear falirly clear. 1In disease of the
conjunctiva, cornea, sclera, or anterior ocular segment,
the topical use of cortisone apperars preferable. 1In
generallized uveitis, in choiditis, in disease of the
posterior ocular segment, the parenteral use of cortilsone
1s indicated.

A favorable response to parenteral lnjection 1s
rarely noted before 24 to 48 hours. The favorable
effects are almost invariably assaclated with a sharp
drop in the circulation eosinophil count. If the
eosinophils are not affected, only rarely i1s a favorable
effect on the ocular condition noted.

Cortisone 1s given 1in divided doses, 300mg. on
tne .irst day, 200 mg. on the second day and 100 mg. on
the next seven days. Thereafter 1t 1s elther abruptly
stopped or tapered off to a dosage of 50 mg. per diem.

I should not be given in amounts larger than this.
However, once the dose has been reduced, 1t should be
increased at any level within these limits i1f there 1is

evidence of a return of inflammation. If continued as

a maintainance dose to prevent recurrence of sumptoms
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25 to 50 mg. may be given dally, or intermittent courses
of 50 mg. dally. The initial period of sustained treat-
ment 1s rarely over two weeks.

While under parenteral treatment with cortisone,
the patients must be carefully observed for any
untoward side effects such as an unusual increase in
welght, glyeosuria, elevation in blood pressure, and
so forth.

Cortisone may be applied topically in suspension
either as drops or by subeonjunetival injeetion, or
as an ointment.

The present 25 mg./ce. saline suspension of eortisae
contains 1.5% benzyl aleohol as the preservative. This
suspension is somewhat irritating when instilled
directly into the eye. The usual procedure is there-
fore to dilute 1t 1l:4 with saline for ophthalmic use.
The usual procedure is to use one drop every hour
throughout the day, and every two hours throughout
the night, during the acute stages and as a thera-
peutic response 1s obtained, gradually to increase the
‘interval until it can be used twice or three times
dally as a maintainance dose. As far as 1s now known,
it can be continued indefinitely without losing
its local action or evoking systemic reactions.

The use of an eye pad after conjunctival instillation
appears definitely to enhance the absorption and

therapeutic effect.
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When cortisone is given subconjunctivally, the
usual procedure 1is to anesthetize the conjunctiva
with 0,5% tetracaine hydrochloride, apply a pledget
soaked with 104 cocaine, and then injeet 0.2 toO.4 cc.
of the usual 25 mg./ce. suspension. Further injections
gre made at another site at intervals of 48 to 72 hours.
Two to four such injections are said to be all that are
necessary to control acute iritis. Maintainance injections
can thereafter be made at weekly intervals in generalized
uveitis. (20)

The ointment may be used in the acute stages every
three hours throughout the day and immediately before
retiring, the eye pad then being applied through the
night. This dosage appears to give a therapeutic
effect fully equal to the instillation of the suspension
every hour during the day and every two hours during
the night. As the therapeutiec response 1s obtained,
the interval between treatments can be lenghthened.

Of the three methods of topical application of
cortisone in the treatment of inflammation of the
anterior ocular segment, the ointment appears preferable.
It is more easily paekaged, the instillation is easier,
and the effects appear more constant. The blurring of
vision consequent to the ointment base 1s inconsequential,
for the treated eyes usually have little useful vision.
The ointment 1s, moreover, definitely soothing to

inflamed eyes.
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Problem of Recurrence of Pathology

The incidence of recurrences after apparent

- complete healing is evidence that this agent acts
primarily through the control of acute inflammation

and edema, and not by a direct action on the cause

of the disesse. 1In short, the use of these agents

in ocular disease is essentially symptomatic treat-
ment--when the disease is recurrent or chronic, its

use gives, at best, only an inhibition of inflammation
and exudation. In some acute and self-limiting

diseases, the effect of this agent may simulate a
complete symptomatic cure, while in chronic inflammationsg
they may effect only a temporary control of inflammation.
Thus, cortisone does not abolish or attack, except
indirectly, the underlying pathologle process and
pathogenesis of the disease. It does not relieve

one from the necessity of searching for the cause

of disease and instituting proper specific therapy,

where such is possible.
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Contraindications to Cortisone Therapy

As the contraindications to cortisone therapy
are based on systemlc changes, it 1s obvious that
these refer to parenteral cortisone therapy and not
to topical therapy. This 1s true because there seems
to be no evidence that sufficient cortisone 1is absorbed
after topical applieation to provoke systemie response.
So the contraindications refer to the parenteral treat-
ment alone.

Cortisone, as a therapeutiec agent, shows many
side effeets when used in large doses or for a prolonged
period of time. Following is a discussion of some of
the side effeets one may look for with cortisone therapy.

One of the characteristic chemical blood findings
whieh has been ebserved with cortisone therapy 1is
hypopotassemic, hypochloremic alkalosis. This 1s
noted particularly shen the dosage is high and the
course of treatment is long. It increases the potassium
excretion and the changes in the serum chloride and
serum ph follow. The presence of this abnormal serum
electrolyte pattern 1s suggested clinically by the
development of lethargy, muscular weakness ard cardlac
irregularities. Early chemical evidence consists of a
lowered serum chloride and an elevated carbon dloxide
combining power. In order to prevent this, potassium
chloride should be administered. Not only does it
supply the required potassium and chloride ions but,

in addition, 1ts diuretic action reduces water retention,
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which generally accompanlies adrenal hormone treatment.
While hypopotassemila calls for prompt treatment, it
should not be overdone for overzealous administration
of potassium may prove fatal if an absolute hyper-
potassemla develops.

Patients treated with cortisone tend to retain
sodium and water, so that edema develops. This 1s
particularly undesirable in situations where congestive
heart failure 1s imminent. So patients should be
restricted to a low sodium diet. 1In spite of these
measures, 1t 1s occaslonally necessary to administer
a mercurilal in order to force diuresis. (21)

Characueristically, cortisone significantly affects
the intermedliary metabolism of protein, carbohydrate
and fat. The effeet most commonly observed clinically
1s on carbohydrate metabolism. Hyperglycemia and
glycosuria aceompany tfeatment with this hormone, but
it rarely becomes necessary to institute insulin
therapy. The glyeosuria is in a large measure due to
a reduction in renal threshold.

Evidence has been obtained from several sources
that following the withdrawal of cortisone there 1s &
temporary functional depression of the adrenal cortex.
(22) 1It 1s characterized by asthenia and lassitude.
This usually lasts from four to seven days, but on
occasion in pablents who have had prolonged courses
of cortisone therapy the adrenal cortical depression

may last as long as two weeks. If the insufficilency
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is acute, 1t may prove fatal. Therefore 1t 1s important
to reduce the dosage gredually.

Cortisone may produee suppression of the thyroid
as part of the over-all suppression of the anter.os
lobe of the pitulbary gland--thyroidestimulating
hormone being reduced as well as the production of
adrenocorticotropic hormone and gonadotropic hormone
(23) The reduction of thyroild activity never reaches
serious proportions and may be treated with very small
doses of thyroid.

Serious complications arising from disturbances
of the gonads are unknown. However, there are certain
changes Which should be noted. Probably the most
common change noted 1s amenorrhea. Thls 1s usually
only temporary, lasting throughout the course of
treatment, whereas normal menses return t¥o or three
months after treatment has been discontinued. In the
male there may be a decrease in sexual drive, which
occurs only if the treatment 1s prolonged.

One of the most important changes produced 1s an
alteration in the psychic state. Most commonly this
is in the form of euphoria. It develops to some extent
in the majority of patients and i1s a part of the
happiness and delight over the disappearance of their

disease. It 18 usually of short duration. In some
patients mental depression may appear. This often takes
the form of paranoid delusions. Usually the euphoria

or the depression will vanish on Witholding treatment.
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Skin changes may be assoclated with cortisone
treatment. These usually take the form of acne,
keratosis pilaris, hirsutism and pigmentation.
Inasmuch as these, with the possible exception of
the pigmentation, usually disappear following
discontinuanece of cortisone, no specific measures
for their prevention are indicated.

Cushing's syndrome, with rounding of the face,
hypertension and purplish abdominal striae, appears
with prolonged or intensive therapy. It is always
reversible and gradually disappears when treatment
1s diseontinued.

Animal experiments have shown that cortisone
interferes with wound healing. (24) Decreased
formation of fibroblastic tissue and granulation
tissue 1s observed. Clinically this has not been
a serious problem.

The contraindications to cortisone therapy are:
hypertension, congestive heart faillure, renal
insufficiency, peptic ulcer, tuberculosis, syphilis,
hirsutism, osteoporosis and arteriosclerosis.

While 1t has been shown that the use of cortisone
will largely control the inflammatory and probably
the exudative phases of ocular tuberculosis, there

18 condiderable theoretical evidenee at hand which
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indicates that the continued use of these agents may
have a markedly deterrent effect, and possibly may
be contraindicated. It has been shown that the
continued use of cortisone in experimental animals
fundamentally alters the pathogenesis of the disease,
increases the number of tubercles in the lungs after
inhalation infection and, instead of decreasing the
number of bacilli, actually increases them. (25)
Similarly, it 1s quite possible that cortisone may
inhibit the fibrosis around the lesions, which is the
essence of bacteriostasis and apparent healing, and
thus promote dissemination of the bacilli throughout
the eye. Until further information 1s available, it
may be well to use cortisone with considerable

caution in ocular tuberculosis.
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-Summary

Cortisone has a dramatic ability to control the
inflarmatory and exudative phases of certain ocular
diseases, but this ability i1s not absolute. Allergic
conditions of the 1ids and external eye, inflammations
of the cornea, sclera, and uveal tracts are the
conditions most favorably affected. Even after apparent
eomplete control, recurrences are not uncommon when
administration 1s terminated. With both parenteral
and topical administration, there appears to be a
limit to the therapeutic range.

In some conditions the action of cortisone may
be irregular. These are secondary glaucoma, optlc
neuritis, interstitial keratitis and early clouding
of corneal grafts.

In other exudative and hemorrhaglic diseases, such
as Coat's disease, Eales's disease, dlabetic retinopathy
and malignant exophthalmos, no clear-cut therapeutie
effect has yet been demonstrated but there remains the
hope they may be of s-me beneficiai effect in early
"cases. In degenerations, they are without effect.

Parenteral administration of cortisone 1s the
preferred method of treatment in inflammations of the
posterior ocular segment. Topical administration
of cortisone 1s preferred in inflammations of the

anterior ocular segment. Of the various methods of
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topical application now available, the ointment
appears most convenient.

Untoward side effects have not been noted after
parenteral injection of either ACTh or cortiscone in
the doses recommended. Patlents under such treatment
should, however, be carefully watched. No untoward

side effects are to be expected after topical treatment.
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