
BETA RADIATION THERAPY IN
OPHTHALMIOLOGY

BY Whilliam F. Hutghes, Jr..*

THE GOOD RESULTS obtained in the treatment of certain ocular
conditions witl)beta radiation lhave been described previouisly (1).
On the otlher hiand, some clinics avoid the use of beta therapy for
fear of uindesirable effects on the strtucttures of the anterior ocular
segmnent (2). Althouigh the availability of radon for ophtlhalmic
applicators lhas restricted the use of beta radiation to a relatively
few large medical centers in the past, the more recently intro-
duced radium D-E and strontium90-yttrium90 applicators wvill
permit many plhysicians to administer this type of radiation ther-
apy. It becomes imore important therefore that the oplhthalmolo-
gist be awvare of the rationale, indications, contraindications,
dosages, and dangers of beta therapy. Moreover, the physical
characteristics, quality and quantity of otutput of the several newv
ophtlhalmlic applicators mnust be knowvn in order to obtain satis-
factory restults in the treatment of suiitable conditions.
The pturpose of this thesis is to describe the souirces and char-

acteristics of beta particles and to reevaluate the results obtained
at the University of Illinois and by the auitlhor tutilizing beta from
a radon soturce, with special attention to the selection of cases and
tundesirable reactions.

SOURCES OF BETA RADIATION

The soturces of beta radiation for oplhtlhalmnic use at present
are derived from radiumni and its derivatives or radioactive stron-
tium9(). The characteristics of the emanations from radium are
entumlerated in Table 1. The clinical effectiveness of botlh raditum
and radonl applicators is dtle to the emnanations from raditum B

* Fromii the Depar-timienit of Ophtha1mologv, Universitv of Illiniois College of
Medicine.
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TABLE 1. DISINTEGRATION OF RADIUM

ENERGY OF BETA
StUBSTANCE EMANATION (MIev) HALF LIFE

M11axinnim .4 verage

Radium Alpha - I ,690 vrs.
rRadon Gas alpha 3.83 days

EqIilibriLinI Ra. A Alpha 3 min.
in 4 Hrs. Ra. B Beta & o.65 0.23 2.7 min.

"Radon Gainii-immaAppicator L Ra. C Alpha, Beta 3.15 0.65 20 min.
& Gamma

"Raditum D JRa. D Beta verv w\eak 22 yrs.
Applicator" IRa. E Beta I. I7 0-34 5 days

Ra. F Alpha 14o days
Lead

and radium C. The effective beta particles of the radium D ap-
plicator come from radium E wvitlh whlich it is in equlilibritum.
XVIiereas radium and radium D applicators, utilizing the metal
itself, are semipermanent applicators, the half-life of radon gas
is only 3.83 days. Therefore, radon applicators are necessarily of
temporary nature and mtust be renewved every wveek or twvo. Be-
cause the energy of the beta particles from radium C is greater
than of radium E, the penetrating powver of the emanations fromll
radium and radon applicators is greater than that from the ra-
dium D-E applicator. Radioactive strontium90 yields wveak beta
particles of maximuim energy of o.65 Mlev and average energy of
0.2 Mev. Howvever, it is in equilibrium wvith yttrium90 whlich
yields a beta particle of maximtim energy 2.16 MIev, and an aver-
age energy of o.8 Mev, wlhichl is slightly greater than that from
radium C. The Strontium Ophtlhalmic Applicator is also of a per-
nanent type, lhaving a lhalf-life of 25 years.
Radium A pplicatOw. The Raditum Ophthalmic Applicator, de-

scribed by Iliff (3) and manufactured by the Radiumll Clhemical
Company, contains 50 mg. of radium salt, and lhas a flat rectangu-
lar active surface (6 x 12 mm.) consisting of o.1 mm. "nmonel"
metal. It has the advantage of permanency wvitlh a half-life of 1,600
years and a sufficiently energetic beta particle to accomplislh ef-
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Beta Radiation Therapy
fective therapy; the cost is approximately $i,ooo. As stated pre-
Viously, the effective emanations arise from radium B and C,
vllich is in equilibrium wvitlh gaseous radon accumulating over
the radium metal wvitlin the applicator. In common wvitlh all ap-
licators utilizing a metallic source, some of the beta particles are
absorbed by the metallic mass itself, whicl reduces the clinically
effective output markedly. Since the gamma rays are not greatly
impeded, the beta:gamma ratio of the output is correspondingly
decreased wvlhen more prolonged treatment times are used to ob-
tain adequate beta output (approximately 8 times that of the
radon applicator to obtain similar results per unit area).
Radon Applicators. Radon gas is collected in a vactium olass

tube from a solution of radium clhloride. After 4 hiours, eqtuili-
brium is obtained wvith its disintegration products, radiumii A, B,
and C. The alplha particles are completely absorbed by the tlhin
layer of glass sturrounding the radon, and therefore are vithout
effect in the use of the ordinary glass bulb or capillary-tube radon
applicator. The beta particles or electrons penetrate tlhrouighl the
glass tubing and emerge from the open end of the treatment sur-
face of the applicator. These electrons are absorbed completely
by 1 mm. of silver or lead or 1.3 mm. of brass. Therefore, oph-
tlhalmic applicators made wvitlh wvalls of these materials permit an
accurate localization of beta radiation to a certain area. Only 3.5
percent of the ionizing effects from radon are caused by the
gamma rays, approximately 2.5 r for a treatment dose of one gram
second (gm. sec.). These rays are comparable to i.8 million elec-
tron volt (Mev) X-rays, and accordingly penetrate very deeply
tlhrouglh tissues, wvith relatively little superficial absorption. Be-
cause of the relatively small amount of gamma radiation in com-
parison to the beta particles wvlhiclh emerge from radon, it is pos-
sible to utilize the tlherapeutic effects of beta wvithout undue
gamma absorption in the deeper structures of the eye.

Certain radon techlnicians complain of the technical difficulty
of making a single glass bulb to enclose the radon, suchi as that
devised by Burnam and Neill (4) and in use at the WVilmer Insti-
ttute. Because of this, an applicator wvas devised' to use ordinary

1 With the cooperation of Mr. John Hissong and the Radiuim Chemical Company.
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FIGURE 1. RADON OPHTHALMIC APPLICATOR UJTILIZING
CAPILLARY GLASS TUBES

capillary glass tubes employed in making radon implantation
needles (Fig. 1). The open end of the applicator is kidney-shaped,
the concave side fitting both the curvature of the limbus and the
curvature of the globe. The treatment surface area is about 6o
sq. mm., roughly 5 mm. in greatest width and 12 mm. in greatest
length. The radon is collected in three or four capillary glass tubes
which are laid in parallel rows on the surface of the applicator
located about 1 mm. below the edges of the bottom treatment
surface. The capillary glass tubes are glued onto the bottom sur-
face by means of ordinary Duco Household Cement. When the
needles must be removed for replacement with fresh radon
needles, the Duco cement is dissolved by means of acetone. The
technical advantages of this applicator include: (a) greater ease
in the collection of radon within capillary glass tubing compared
to a single glass bulb; (b) a good fit to the curvature of the globe,
permitting more accurate localization of the treatment area; (c) a
curvature which readily fits most types of areas to be treated, for
example, a sector of the scleral portion of the limbus without
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treating the cornea, the curvature of the everted lids, and other
lesions; and (d) almost direct contact of the glass needles with the
tissue surface over a relatively large area. This permits a high
beta:gamma ratio, the use of relatively small quantities of radon
and fewer applications to cover a given area. The greatest effect
of the radon covers an area roughly that underlying the needles:
about 4 x 6 mm. In case a smaller area is required, a i mm. silver
filter with a central round hole can be placed over the end of the
applicator, although with this filter it is necessary that approxi-
mately twice the usual dose be employed.

In general, radon applicators have the advantage of a high out-
put of energetic beta particles, which reduces the treatment time
to practical limits depending upon the amount of radon which
can be obtained. The major disadvantages of such applicators are
that a radon producing plant must be available, the cost is some-
what high if radon must be obtained commercially (about $1.25
per mc.), and the half-life of the applicator is relatively short. In
addition, Krohmer (5) recently found considerable variability of
the output of a radon applicator on which he made several read-
ings with a modified ionization chamber. To some extent clini-
cally, we have noted apparent variation in the reactivity and effect
of the applicator from week to week, but this has not been of sig-
nificant practical importance. This variability might possibly be
related to the thickness of the glass and the position of the needles
on the surface of the applicator. The presence of gamma radia-
tion requires that the applicator be stored in a lead container
(Fig. 2) with walls at least 1 inch in thickness, and the operator of
the applicator should limit himself to approximately 12 treatment
areas per day or 70 per week in order to avoid undue exposure.
Radium D-E Applicator. Since 1948, the Radium D-E Appli-

cator2 has been widely advertised (6). The original applicator
contained io mc. of radium D, and had an active treatment sur-
face of 6.8 mm. diameter and composed of either o.o5 mm. of
aluminum or o.1 mm. of magnesium. Radium D-E Applicators
are now manufactured which contain 15 or 20 mc. of radium D.

2 Produced by the Canadian Radium and Uranium Corporation; cost of $750
for the io mc. applicator and $1350 for the 20 mc. applicator.
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FIGURE 2. LEAD CARRYING CASE FOR
RADON APPLICATOR

However, the addition of 1o mc. to the original 1o mc. applicator
is stated to result in only a 50 percent increase in the effective out-
put because of even greater self-absorption of the beta particles
within the increased radium D mass. This applicator has the ad-
vantages of permanency, and the absence of any clinically signifi-
cant gamma radiation except for "Bremsstrahlung", secondary
X-rays formed by the collisions of electrons with the walls of the
applicator (about 0.16 r per treatment of 4 gm. secs.). The dis-
advantages include a relatively low output because of absorption
of the beta particles by the radium D mass itself, a less pene-
trating beta particle which is of some importance in the treatment
of deep corneal vascularization, and the lack of official certification
of the output of each individual applicator.

Radioactive Strontium90-Yttrium90 Applicator. In 1950, Frie-
dell, Thomas and Krohmer (7) reported the use of a laboratory
model Beta Applicator utilizing radioactive strontium90. The
energetic beta particle useful in therapy is produced by its equili-
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brium product, yttrium90, and no significant gamma emanations
are produced. The hialf-life is 25 years. Since then, a commercial
model has been produced (8) whlichi has a flat circular surface of
12.7 mm. diameter, and an active surface of 7.8 mlm. diaimeter.
The active face of the applicator consists of 2 mils of stainless
steel and io imils of altuminuIm. About 25 nmc. of strontiuLm90 is
spread uniformly on the back of the contact sturface. This appli-
cator lhas the advantages of being pernmanent, emitting an ener-
getic beta particle, no gammia emanations, and a relatively low
cost ($300). Disadvantages incltude the large size of the applica-
tor, the ratlher prolonged treatment times necessary, and as yet
thie absence of adequate clinical information concerning, the ef-
fectiveness of the applicator and possible danaers to the lens in
view of the sliglhtly greater depthl dose coimpared to radon (see
below).

For a more complete review of various beta applicators tused
previously, the reader is referred to an article by XVilson (9).

DO)SAGE RATES OF APPLICATORS

Gram Seconds. The strenotlh of radium and racdon oplhtlhalmuic
applicators is determnined by mneans of an ionizationi chlaiimber
which meastures the amiouint of gamma eImanation ancl thiereby
indicates the number of milligrams of radituim or correspotnding
ntumber of millicturies of radon in the applicator. The tunit of
dose considering the strength of the soturce and timne lhas been
given most conveniently for ophtlhalmic puirposes in "gram sec-
onds" wvhiclh hias the folloving conversion equivalents:

gram secon(l = 0ooo millicurie secon(ls 1i6.7
millicurie minutes - 0.28 millicturie houirs.

In calculating the dose for treatment vitlh radon, one imutst con-
sider that 5o percent of the radon deteriorates every .3.83 days, or
a loss of approximately 16 percent effective dose per day after the
radon lhas been collected. The calctulation of the dose slhotuld there-
fore be made on this revised figutre.

number of number of gram seconds desired x 1ooo
secs. application number of milligrams radium or of millicuries radon
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In the past, the quantity of beta particles emerging from the
surface of radium and radon applicators has not been measured
directly, and, even nowv, the accurate measurement of the beta
output from these applicators represents a research problem. Ap-
plicators have been manufactured according to standard specifi-
cations in order that the output of similar instrtuments will be
approxiimately the same. Some of the factors whliichi can vary the
quality or quantity of output include: composition of the wvalls;
coinposition, tlhickness and area of the active surface; tlhickness and
evenness wvith wvlich the radioactive material is layered upon the
back sturface of the treatment area; and the avoidance of leakage
of radioactive material from inside the applicator. A rough estima-
tion of the evenness of the distribution of radioactive material can
be determined by exposing X-ray filmi. Leakage of the applicator
can be detected by: (a) the so-called "wvipe test," in wvhich the
face of the applicator is rubbed on the surface of a piece of paper
at least six times, and the paper is surveyed wvitlh a Geiger tube
type instrument; (b) restandardization of the outptut by means
of special ionization chambers; or (c) animal standardization. The
output of the applicator is of course related to thie amount or
load of radioactive material present, and the factors of filtration
botlh within the radioactive mass itself and the treatmnent surface
affect both the quality and quantity of output. Naturally, the
radiation from a localized source wvill differ from that of a larger
area, and the output of the applicator vill be greatly affected
by the distance of the radioactive source from the surface treated
because of scattering and inverse square lawv spreading whliclh re-
duce the effective output (double the distance - one quarter
of the output). Because of these many variables, it is obvious
that standardization of eaclh individual applicator is advisable
eitlher on animal eyes or physically, or preferably botlh.
The rabbit cornea provides a satisfactory method for the stand-

ardization of individual ophthalmic beta applicators (io, 11, 12).
Rabbits of comparable age are given general anesthesia, and the
eyes are proptosed betwveen the lids in order to obtain good fixa-
tion, the lids being clamped behind the proptosed eye. The surface
of the applicator to be tested is lheld steadily in contact vith the
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center of the cornea by some kind of ring stand arrangement. From
three to six eyes are given exposures of identical length, critical
differences in exposure times being tested on opposite eyes of the
same animal to avoid wvhat may amount to a large amount of in-
dividual animal sensitivity. The severity of the lesions produced
are graded in a manner similar to that given in Table 2. The most

TABLE 2. GRADING THE SEVERITY OF CORNEAL REACTION

Corneal Lesion .llaxinium No. of
Points

Density of Corneal Opacity:
Nebular haze = 1 2
Definite opacity =
Blurs pattern of iris = 2
Blurs outline of pupil = 3
Opaque = 4

Area of Opacity:
I = I/4 of cornea; entire cornea = 4

Mklaximum Value of Corneal Opacity = Density x
Area (4 x 4) i6

Edema:
Detectable with slit lamp = I
Vlisible by focal illumination = 2 3
Anterior bulging = 3

Ulceration:
Stains with fluorescein =
Visible by focal illumination = 2 4
Deep = 3
Perforation = 4 = ioo% corneal lesion

Vascularization:
(mm. area/20) 7

Total MWaximum Responsea 30 o0o%
aTo obtain a single value for the maximum reaction to an injuriouls agent, the

maximum values of each sign during the course of observation are added.

critical periods of observation are at tvo wveeks, one month, and
two months, after wvhich the severity of the lesion usually di-
minishes unless secondary complications ensue. Ordinary focal
illumination witlh or wvithout a magnifying loupe is sufficient to
grade the severity of the corneal lesions. From these observations
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Beta Radiation Thlerapy
and grading, the percentage of the maximum response can be cal-
culated for eaclh exposure, an average can be obtained of eyes
similarly exposed, and the standard error of the means calculated.
As a rouglh approximation, the rabbit cornea is about tlhree times
more resistant to beta radiation than the lhuman cornea. Roughly,
the minimum inflammatory dose (MID) on the rabbit cornea (con-
sisting of a definite nebular lhaze visible to oblique focal illumina-
tion witlhotut mlagnification) approximates tlhree times the dose
used to treat corneal vascularization in lhumans.
The importance of the quantity or load of radioactive material

in ophitlhalmic applicators in relation to the duration of treatment
is tabulated in Table 3. It is obvious that radon applicators which
can be made as potent as 500 mc. possess the shortest treatment
times. An exception is the preliminary report on the clinical effects
of the laboratory model of the strontium90 applicator reported by
Friedell and his associates in 1950 (7), in wvhich they stated that
good effects similar to those obtained by radon resulted froin a
s5-second application of strontium90 (5.4 rep per second) every
wveek for four veeks. As wvill be pointed out later, suchi results hiave
not been obtained from larger doses wvith the more powverful com-
nercial model presently available (12).
In addition to the fact that more radioactive material can be

efficiently incorporated in a radon applicator than in otlher types
to reduce treatment times, it requires larger doses or more gram
seconds of radium )D-E or strontium90 to produce lesions of like
severity of the rabbit's cornea compared to radon (Table 4). This
is undoubtedly due in large part to filtration of the beta particles
wvithin the applicator itself.

In summary, tIme number of gram seconds dosage lhas no mean-
ing unless the individual applicator is standardized eithler pllysi-
cally or on animal or lhuman eyes. Not only are the outputs of dif-
ferent types of applicators with similar amounts of radioactive
naterial different, but applicators of similar design and materials
imnay showv significant variations.

Roentgeni Equivaletnt Physical ("rep"). XVith improvement in
ionization clhaimbers and techniques, the direct plhysical measure-
ment of surface beta output has been utilized. It may be necessary
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TABLE 4. REACTION OF RABBIT CORNEA TO EXI)OSITRES OF RADON, RADIUM

D-E, AND STRONTIUNM90 APPLICATORS

NUMBER OF GRAM SECONDS
SEVERITY OF LESION

(Percenit) Radon Radium D-E Strontium9n
(Io tm1c.) (23 mc.)

3 10 25 38
I2 15 40 50

22 20 60 65

30 25 .. 7I
50 30 8o 90
56 40 .. 100
80 50 143+

to define the unit of measurement suitable for beta radiation (13).
The roentgen or "r" is a unit applicable to electromagnetic radia-
tions such as X-ray or gamma rays in which the photon energy is
dissipated in 1 cc. of standard air, produLcing ions carrying one
electrostatic tinit of electricity and expending 83 ergs. per gram of
air. This unit "r" gives no information concerning the energy of
the photon or the time, so dosage rates for X-ray and gammna radia-
tion are given in r per unit time wvith data concerning the energy
(as voltage or half-value layer). If tissue ionization is produced by
any prilmary radiation other than photons (as alpha, beta, protons
or neutrons), then the unit r is not applicable. Instead, if the
energy loss by beta particles in producing ionization in thie tissues
is the same as the energy loss for 1 r of X-ray or gamma absorbed
in air (83 ergs per gram of tissue), the dose is spoken of as I roentgen
equivalent plhysical ("rep"), or roentgen equivalent beta ("reb").
It is to be noted that 1 r of photons will have different degrees of
energy dissipation in various tissues and at various energies; there-
fore 1 r of plhotons does not always equal I rep. Unfortunately, at
the present time there is no method of measuring directly the
amount of ionization in tissues; that is, a direct measurement of
rep in tissue.

Mleasurement of the rep output of the radium D-E applicator
was originally done by Evans (6) as surface output, and some
variability wvas found betwveen different applicators. He found that
the surface dose rate was approximately 3.1 rep per second for the
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1o mc. applicator and 4.7 rep per second for the 20 mc. applicator.
The surface output of the early laboratory model of the stron-

tium90 applicator used by Friedell, et al. (7) vas 5.4 rep per second.
The individually certified commercial models, "RA-i Medical Ap-
plicator," vary between i8 and 25 rep per second at the surface.
WVilson (12) standardized a strontium90 applicator (RA-i No. 29)
with a stated output of 22.9 rep per second on the rabbit cornea,
and his data are given in Table 5. Kahn (13) has standardized a

TABLE 5. RELATION OF GRAM SECONDS RAI)ON TO REP STRONTIUMI"' ON

THE RABBIT CORNEA`

Severity of Corneal Lesion No. of Gram No. rep Approximiiate
(Percent) Seconds radon Strontium90 No. rep/inc/sec

(radon)

3 10 35,000 3 5
12 15 45,000 3.0
22 20 60,000 3.0
30 25 65,000 2.6
50 30 83,000 2.8
56 40 92,000 2.3
8o 50 > 130,000 34

aData froim studies by WNilson (i i, I2), and Kahn (I3).

similar applicator (RA-1 No. 18, wvitlh an originally stated output
of 24 rep per second but wvhich wvas later remeasured as producing
15 rep per second) on 17 rabbit eyes wvith essentially the same
results. On the basis of an output of 24 rep per second, no cor-
neal reaction wvas obtained wVith 29,ooo rep, a minimal inflamma-
tory dose wvas found to be about 36,ooo rep, moderate to marked
reactions wvere produced by 45,000 to 65,ooo rep, and severe re-
actions resulted from exposures to 72,000 tO 115,000 rep.

It wvas mentioned previously that physical measurement of the
beta output of our Radon Applicator hlas not been done. However,
in view of the similar deptlh doses of the particles from radioactive
strontium9O-yttrium90 and radon, it is possible to obtain an ap-
proximation of number of rep/mc./sec. of radon by comparing
doses of radon which produce corneal lesions of equal severity wvith
knowvn rep doses of strontium90 (see Table 5). From this biological
comparison, the output of radon in the kidney-shaped applicator
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which we have used was found to be approximately 2.5 to 3.5
rep/mc./sec. This would indicate that the usual clinical dose we
have used varied between 6,ooo and i6,ooo rep (2-6 gm. secs.).
Although the number of gram seconds of radium D-E required

to produce a corneal lesion in the rabbit equal in severity to that
produced by radon is about two and one-half to three times, the
actual number of rep of radium D-E necessary to produce an equal
corneal lesion is only about one fourth the number of rep required
by radon. This is probably due to the fact that there is a more con-
centrated absorption of the less energetic beta particles from
radium D-E in the superficial layers of the cornea, resulting in an
apparently more severe but probably more superficial lesion of the
cornea.
Depth Dose. The surface dose rate of an applicator does not

necessarily indicate the clinical effectiveness of the applicator. The
depth dose which is of equal or greater importance depends on
several factors: (a) the maximum and average energy of the beta
particles, the maximum energy being related to the extreme depth
to which the particles can penetrate, and the average energy giving
information concerning the depth of the heavy ionization in the
tissue; (b) the construction of the applicator, which may alter the
energies of the beta particles by selective absorption or reduction in
energy; and (c) the thickness of the radioactive source itself. Un-
fortunately, the true absorption of beta radiation in tissue cannot
be measured directly because of the factors of scattering and in-
verse-square-law spreading. However, measurements with the ioni-
zation chamber at various depths in a phantom of pressed wood or
lucite (which has similar absorptive powers as tissue) reveals the
percentage of the surface dose which penetrates to various depths.
As stated previously, radium D-E produces a beta particle of

lower energy than that from radon or strontium90-yttrium90, and
therefore would be expected to result in more superficial absorp-
tion. This was found to be the case clinically. Available data sug-
gests that strontium90 has slightly greater penetrability than radon
(Table 6). Since the anterior surface of the lens is about 4 mm. back
of the anterior surface of the cornea, the penetrability of the beta
particles beyond 4 mm. might endanger the lens in eyes which re-
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TABLE 6. DEPTH DOSES IN TISSUE PHANTOMT (LU'CITE) OF BETA OPHT'HAL'MIC
APPLICATORS'I

Radiunm Sr90- Rul06-
Radon Radiuim D-E y90 Rh106

Content (mc.) 103-365 25 mg. 10 i8.6 10
D)iameter (mmin.) 5 6-8 6-8 6-8 6-8
Inherent

filtration o. I mm. glass o. MI g. o.o5 Al or 0.00Ii n. 0.25 Al
0. I Mg. steel

mllg./ Cm2. 30 17.4 I 3.5 or

I7.4 20 67

Stirface OLtput 0.4I rep/sec./mic. 40 9 (Al), i6
(rep/sec.) (O. I5-0.53) (Mg.) 32 6

ioo io% 00 100% ioo%0IOO%o ~ ~~I00 /o" I% I6 IO%

I immni. 20-50%0 17% I0% 4I% 55%7
2 mmI. 6-25%C 8%o I%I9% 30%0
3 mm. 3-I0%/ 4% 9% '7%o
4 mm. 2-5%o 2% 4% I0%
5 mmI. 0. 8-3% 1% I.2%0 6%

"Data fromIKrohmer (5).

quire large doses of beta tlherapy. Tlis will be discussed fuirther
under complications.
Req uiremtietnts for Beta Radiationi Ophthalm-liic Applicators. Be-

cause of the recent availability of beta oplhthialmic applicators and
the need for standardization and accurate information concerning
stuchi applicators, the Subcommittee on Ophtlhalmic Devices of the
Council on Phlysical Medicine of the American Medical Association
lhas listed several reqtuirements for Beta Radiation Oplhthalmic
Applicators.

A. Accurate (lescription of the applicator and output, inclucling:
I) quality of radioactive emanations: (a) ratio of beta:gamma;

(b) energy of beta particles (maximum Mev, average Mlev,
and depth dosages);

2) certification by the U. S. Bureau of Standards or by a quali-
fied laboratory of the quantitative output for each indivi(dual
applicator in rep surface outplit. .

B. Adequate clinical and experimental trial to determine:
I) corroboration of the output;
2) clinical practicability: (a) technical ease of application; (b)

therapet-tic effect; (c) undesirable effects.
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C. Advertising to include:

1) information listed under A and B;
2) no misleading statements;
3) statements indicating that discrimination and caution are

necessary in the use of beta radiation of the eye as for radia-
tion therapy elsewhere in the body.

COMPARISON OF BETA RADIATION AND X-RAY

Raper (15) recently stated that

"it has long been assumed that beta rays would produce in biologic
material effects similar or identical to those produced by X-rays or
gamma rays, since these electromagnetic radiations expend their
energy by the ejection from the atoms of the absorbing material of
high speed electrons identical to the primary particles of beta radi-
ation. Recent and as yet unpublished work performed under the
Manhattan District Plutonium Project has shown this to be true,
provided the distribution of energy absorption is comparable for the
two types of irradiation."

Compared to radon, X-rays of 10-20 kv produce similar results in
tissue. The Phillips contact therapy machine (16) which produces
X-rays of 44 kv would produce somewhat deeper effects. The
Bracke-Seib X-ray machine is capable of producing a range of
voltage from io to 50 kv and therefore the tissue effects of this
machine could be expected to emulate those produced by radon.
The ordinary Grenz ray machine produces rays of 8 to 12 kv and
therefore the clinical effects are relatively superficial compared to
radon.
Compared to the use of X-ray, beta ophthalmic applicators have

certain technical advantages. The ophthalmologist himself can
apply the beta radiation to the portion of the eye wvhich requires
treatment, and can follow carefully the results of such treatments,
usually by slit-lamp examination. In addition, ophthalmic applica-
tors allow greater accuracy in the localization of treatment to the
desired area without undue exposure of the adjacent tissue. Unless
X-ray voltages of 10-2o kv are available, treatment of such con-
ditions as corneal vascularization by X-ray might lead to undue
exposure of the lens in order to obtain the desired superficial
effects.
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GENERAL INDICATIONS FOR BETA RADIATION

The indications for beta radiation are the same as for any other
type of radiation such as X-ray. The effects of irradiation should be
considered as essentially destructive, and there must be a dif-
ferential sensitivity between the pathologic cells which are to
be destroyed and the normal cells of the adjacent tissue. The rela-
tive sensitivity of the various cells has been determined previously
by Desjardins (17) in the following order of decreasing sensitivity:
lymphoid cells, polymorphonuclears, eosinophils, epithelium (con-
junctiva, cornea, ciliary, lens), endothelium (vessels, cornea), con-
nective tissue including the cells of the corneal stroma, muscle,
bone, and nerve which includes the neural elements of the retina.
Other factors which increase the sensitivity of cells include un-
differentiation, immaturity, premitotic stage, active metabolism,
and a large blood supply. Although the main indications for irradi-
ation involve the differential destruction of pathologic tissue, in-
fectious processes including pyogenic infections respond favorably
to very low doses of all types of irradiation. This might be explain-
able by the production of immune bodies or possibly vasodilatation
secondary to the irradiation. It is also well known that larger doses
of irradiation have the adverse effect of inhibiting the reticulo-
endothelial system, resulting in fewer immune bodies and a detri-
mental effect on the improvement of the inflammatory condition.

GENERAL DOSAGES AND TECHNIQUE OF APPLICATION

OF BETA RADIATION

The dosages recommended by other authors for the use of
radium D-E and strontium90 have been listed in Table 3. Our ex-
perience has been limited to the use of a radon applicator, with
which the following general dosages have been used. If the source of
beta is in direct contact with the surface of the tissue, that is, if the
glass needles are in direct contact with the eye or lids, the following
doses are used as a guide: inflammatory lesions i gm. sec.; initial
dose and treatment for children = 3 gm. sec.; and corneal vasculari-
zation, tumors or vernal catarrh = 4 to 5 gm. sec. If the source of
beta radiation is I to 2 mm. away from the tissue during treatment,
an additional i gm. sec. may be added to the above dosage rates. The
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effect of irradiation continuies for approximiiately 2 to 3 wveeks after
treatment, and tlherefore any twvo treatments given within tlis in-
terval produce cumulative effects. The tustual interval betwveen
treatments is three to six wveeks.

IVitlh the patient lying dowvn, the eye is anesthetized withl 0.5
percent pontocaine or perlhaps better, 4 percent cocaine. A lid
spectultum is then inserted, and the patient is instructed to fix the
eve in proper position to expose the treatiment area wvhiclh has.
previously been selected by slit-lamp examination. The applicator
is then placed in direct contact wvith the portion of the eye or lid
to be treated, and as little movement of the applicator or eye as
possible is desired in order to avoid uindue meclhanical trauima.
The majority of patients prefer that pontocaine ointimient be in-
stilled and the eye be covered for the first 24 hours after treatment,
but this is not necessary in all cases. Cold compresses often aid the
post-treatmnent discomfort. Beta radiation does not interfere wvith
any other treatment which miay be given concurrently.

Sterilization of the applicator is probably unnecessary in view of
the concentrated ionizing effects of the radon. Zephiran- and to a
less extent alcohol loosen the adherence of the glass needles to the
Dtuco cement.

CLINICAL. USES OF BETFA RADIATION

In 1948, a special beta radiation clinic was started at the Research
and Eduicational Hospitals of the University of Illinois, in whliich
Doctors Fred G. Cox, Fred M. WVilson, Carroll IV. Browning, Al-
bert C. Biegel, Villiam H. Middleton, James F. McDonald, and
I have participated. In addition, private patients are included wvlho
have been referred to the authlor by other oplhthalmoloo'ists. From
these sources, a total of 235 eyes in 196 patients treated wvith beta
radon have been collected. The only cases whiclh have been elimi-
nated are those wvith inadequate observation, inadequiate follow-up,
or difficulty in evaluation of the case either because of inadequate
beta therapy or important accessory therapy which might conceiv-
ably have had an imnportant bearing on the outcomne of the case.
The cases are listed topographically vithout implication that the
results in the first groups are better than those described later.
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WVithin each separate anatomical location, however, the conditions
which respond best to beta radiation are described first. The "total
dose" is given in gm. sec.

OCULAR ADNEXA AND TUMORS OF CONJUNCTIVA

Eighteen patients were treated for various conditions of the lids
and conjunctiva such as granulation tissue, papillomas, vascular
dermoids, and basal cell carcinomas (Table 7).

Granulation Tissue. Three cases of exuberant granulation tissue
appearing at the orifices of the Meibomian glands were treated
satisfactorily with small doses of beta. Although granulation tissue
is very sensitive to irradiation, the undesirable cosmetic defect of
epilation especially of the upper lashes should be considered in
the treatment of these conditions. Either the lashes should be
avoided, the treatment limited to 1 or 2 gm. secs., or other cauteri-
zation methods should be employed.
Hemangiomas. Three subconjunctival hemangiomas were treated

effectively. The great sensitivity of this type of tumor to radiation
is illustrated in Figure 3; the tumor disappeared within threel~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .. ... i ........... . ..........

lE ~~~~~FIGURE ;3 HEMANGIOM OF CO
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A B

FIGURE 4. VASCULAR DERMOID, CASE I 1, TABLE 7
A, before treatment. B, 17 months after treatment with 20 gm. sec. in 10 weeks.

months after beginning therapy vith doses of 3,4, and 3 gin. sec. at
three wveek intervals. Objections to the use of radiation for heman-
giomas have been raised because of the benign clharacter of tthese
tumors, occasional spontaneous regression, and undesirable post-
radiational changes if large doses are necessary. Reese (19) has dis-
cussed other methods of treatment such as excision for small
hemangiomas, carbon dioxide snow, sclerosing solutions such as
5 percent sodium morrhuate for larger lesions, or irradiation if
other methods fail. Port-wvine stains are considered to be insensitive
to beta (i). If beta therapy is considered for other types of hiemnan-
giomas especially of the conjunctiva, only small doses of 2 to 3 gin.
sec. should be used, vith spacing of several wveeks between treat-
ments in order to utilize the minimum effective total dose.

Papillornas of Lid Mlargin and Conjulnctiva. Four papillomas re-
sponded rapidly to doses of beta as lowv as 3 tO 4 gm. sec. per area.
This may be the treatment of choice for ratlher diffuse papillomas
of the conjunctiva. However, papillomatous-appearing growths on
the lid margin may sometimes be carcinomas or nevi. Therefore,
in view of the frequent uncertainty of clinical diagnosis and cos-
metically undesirable epilation after irradiation, excision and plas-
tic closure is probably the treatment of clhoice for tumors of the lid
marain.
Dermoils. Beta therapy was applied to vascularized areas of two

patients from wvhiclh dermoids had been excised previously (Fig.
4). Although the vascular and to a less extent the epithelia] com-
ponents of these tumors are sensitive to irradiation, much of the
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dermoid tissue is not, and tlherefore primnary excision is desirable.
It slhould be remiembered tlhat, althoughl persistent vascularity of
suchi tumors can be blanclhed by irradiation, excessive doses of beta
may result in the formnation of tugly postradiational vessels a year
or twvo after treatinent.

Basal-Cell Carcitnotm-as. Six cases of basal-cell carcinoma of the lid
were treated wvitlh 19 to 35 gm. sec. of beta. Fouir cases shov% ed no
recurrence after relatively slhort-term followv-ups, and tvo recturrent
cases ag-ain showed recuirrences after beta radiation (Fig. 5). From a

A B

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ R .. ..... .
A, b)efore treatment. B, 3
weeks after first treatment
(2+2+3=8 gin. sec). C. 31
mlonths after treatment.

c
FIGU'RE 5. RODENT ULCER, INNER CANMIHI S, CASE 13, TABLE 7

consideration of the deptlh-dose curves of beta applicators (Table
6), it is obvious that radium D-E could not be effective for tumors
more than I mm. in thickness, radium, radon, and strontium90 for
tumors more than 2 mm. thick, and Ru106-Rh106 for tumors slightly
thicker. For small basal-cell carcinomas on the lid margin, it is
possible to radiate the entire thickness of the lid and tumor if the
beta is applied to botlh the skin and conjunctival surfaces. Data are
unavailable for a dosage schedule of beta adequate for the cure of
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suLperficial basal-cell carcinomas, and it is difficult to translate the
necessary X-ray or gaimiima-ray dosages for suLchI tumiiors into terms
of beta particles emanating from various applicators. In general.
froim 3ooo to 6ooo r of 100-200 Ky X-ray or gamnmna rays are neces-
sary either in a single dose or wvithin a period of a few, weeks (19).
The dose of 20 to 3o gnin. sec. used in the six cases wvith our beta-
radon applicator would indicate that roughlly 6ooo to gooo rep
would reach a level of 2 iiimm. in the tissue, using the data of Table 5.
If irradiation is considered desirable for tumnors whliichi might ex-
tend miore than 2 mm. in depth, X-ray or possibly gamma therapy
should be instittuted with adequate protection of the eye by lead
shields.
The cosmetic results of a basal-cell carcinoma (f the lid cured by

irradiation is not a completely hiappy one, because of the ischemia
produced, some loss of tissue, epilation, and later telangiectases.
For tunmors involving less than one tlhird of the lid margin, better
cosmetic results can be obtained by proper surgical excision and
closure utilizing some procedure suclh as the XVhieeler halving op-
eration to prevent notcling of the lid maroin.

VERNAL CATARIRII

In tlis series, 25 lids wvitlh vernal catarrhi wvere treated in 15 pa-
tients. Approximately 12 of these had large papillae of "pavement
stone" size and some hyalin formation, and in five the thickening
of the lid wvas sufficient to cause some ptosis. Six of those wvith large
excrescences also showed a I to 2 mm. stuperficial pannus at the
upper limbus, soine wvith superficial punctate erosions of the cor-
neal epitlheliumii above. Only one case of the palpebral form also
had the limbal manifestations. Nine eyes of seven patients showved
limbal vernal catarrhi.

Palpebr(al Vertial Catarrh (Table 8). In general, all but possibly
two cases responded wvell botlh subjectively and objectively to beta
therapy. The disappearance of tenaciouis discharge and improve-
ment of symptoms preceded complete disappearance of all the
papillae, especially of the cobble-stone variety. XVlhereas early
papillae disappeared after 5 to io gm. secs., large vegetations asso-
ciated wvith hyalinization required as muclh as 40 gm. secs. in eaclh
area over a period of more than six months. Such large vegetations
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A Is
FIGURE 6. CASE 1, TABLE 8

A, before treatment. B, 5 months after first treatment, total (lose 23 gin. sec.

grad(lally becaifie flatter as if the surface wvere being planed off, and
lno atteimpt was mnade to eliminate them entirely if the symptoms
wvere amieliorated (Fig. 6). Althoughl many of the patients had a
listory of allergy or an exacerbation of symptoms during hot
weather, the recurrence of symptoms the followving season after
beta tlherapy wvas often less severe.

Limtibal Form of Vernial Catarrh (Table 9). The gelatinous and
soimetimes milky tissue of the limbal form of vernal catarrh re-
sponded well to relatively small doses of beta radiation (Fig. 7, 8,
and 9). After tlhree years in one case (Fig. 7c), a fewT enaoroed post-
radiational vessels appeared adjacent to the treated area. The cos-
mnetic result of anothler case (Fig. gc) was marred by the partial
ischiemia outlined by a fewv persisting and enlarged vessels.

A B

.E|| I ...-.,..'...~~~~~~~~~~~~~~................
A, before treatment. B, 4 months after

/11 *hbeginning treatment with 20 gm. sec.

C, 34 months after treatmiient, showvs a
few post-radiational vessels at 7 o'clock

on the scliera.

C
FIGURE 7. VERNAL CATARRH OF LIMBUS, L.E., CASE 1, TABLE 9
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A B

FIGURE 8. VERNAL CATARRH OF LIMBUS, CASE 3, TABLE 9

A., l)efore treatmenit. 1B, 3 iiionths after l)eginning treatimienit with 12 gm. sec.

1TUNMORS OF IAMBUS AND CORNEA

Masses located at the limbus and encroaclhing over the cornea

imay reqtiire biopsy for diagnosis, and at times mimiiic the tiSsue
seen in vernal catarrhi of the limbus. Nine sucli tumors of the lim-

bus and cornea are incltided in this series (Table io).

A B

A, before treatmiienit. B. one month after
starting treatmiient. l(o gmi. sec. C, 2

months after starting treatment.

C

FIGURE 9. VERNAI, CATARRH OF LIMIBUS, CASE 3, TABLE 9

498



Beta KCadiation hlierapy 499

A B
FIGURE 10. BENIGN TUMOR OF LIMBITS, CASE 2, TABLE 10

A, before treatment. B, 51/2 months after starting treatment. i6 gini. sec.

Pitiguieciila. Only one ratlher vascular pinguecula wvas treated
wvitlt beta radiation. Althoughl the small vessels overlying the pingue-
ctila disappeared, there wvas no clhange in the underlying mass itself.
Tlhis mighlt wvell be expected to be resistant to irradiation because
a pinguecula consists of hyalinized material and fibroblastic pro-
liferation. In view of the benign nature of pingueculas, it is doubt-
ful wlhetlher they should ever be treated with beta radiation.
One patient presented a ratlher flat tulnor of the limbus wvihich

encroachled over the cornea and wvas stuggestive of a neoplasm.
Biopsy shlowved a nodtular fibroelastic thlickening wvithl calcification.
Stubseqtuent treatment wvitlh beta radiation resulted in its cosmetic
disappearance (Fig. 1o).

(Co.ilj'iictival NVevi. Only one nexus located at the limbtis and

'A
FIGURE 1 1. CONJUNCTIVAL PAPILLOMA AT LIMBUS, CASE 3, TABLE 10

A, before treatment. B, 5 months after starting treatment, 9 gm. sec.

B

T ) 7 * .*I
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------ ...°' _ .. v ..e

A

FIGURE 12. EPIDERMOID CARCINOMA OF LIMBUS, CASE 7, TABLE 10
A, before treatment. B, 3 months after starting treatment, 14 gin. sec.

B

not included in Table io wvas treated. The vascular elements of
the nevus disappeared and the pigment of the nexus wvas scattered
somewhliat, but there was no clinical evidence that the nevus itself
lhad disappeared. This is in agreement witlh otlher reports of the
radio resistance of nevi.

Epithelial Tu1lmors of the Limbbus. Seven epithelial tumors of the
limbus of botlh benign and locally malignant characteristics were
treated xvitlh beta radiation (Fig. 1 1, 12, 13). All responded dramati-
cally, the tumor disappearing in each area treated wvitll 5 or 6 gim.
secs. XVihen suchi superficial tumors disappear after beta tllerapy,
the underlying cornea is clear. Surgical excision usually results in
more scarring, and an occasional recurrence wlhich reqtuires fur-
tlher sturgery. If X-ray is uised for suclh tumors, care must be taken
to avoid dosages wvlliclh mnay damage the lens. For these reasons,
beta radiation probably represents the treatment of clhoice in all
forms of superficial epitlhelial tumors of the limbus and cornea.

A B

FIGURE 13. BOWEN'S DISEASE, CASE 5, TABLE 10
A, before treatment. B, 2 months after starting treatment, 7 gm. sec. + i8 gm. sec.

Radium D-E.
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PTERYGIU N

Beta radiation was used as a primary form of treatment in
twenty-seven pterygiums, and as a treatment for pterygiums wvIhiclh
had recurred after operation in twenty-five cases. The amount of
beta radiation required varied with the numnber, size and depth of
the vessels, actively growving capillaries of recurrent pterygiums
being more sensitive.
Primary Treatment of Pterygium (Table ii). A total of 5 to 12

gm. secs. of beta radiation xvill usually eliminate vessels from the
corneal portion of a pterygium. Evidence favors the belief that the
actively growving portion of the pterygium consists of the vascular
elements of the subconjunctival tissue. To produce complete
ischemia of the episcleral and subconjunctival vessels adjacent to
the pterygium required total doses up to 3o gm. secs. In a fev
instances after one to twvo years, there was a tendency for an en-
croachment onto the surface of the cornea of a fewv dilated post-
radiational vessels above and below the ischemic areas.
The late cosmetic results of the beta radiation treatment of

pterygiums as a primary measure xvas often disappointing. Al-
though the tip of the pterygium usually remained avascular, any
residual wvhite tissue, especially in a person wvith a dark browvn iris,
wvas quite noticeable. In addition, an ischemic area at the limbus
surrounded by dilated, sausage-shaped, postradiational vessels is
certainly unattractive. Therefore, surgical treatment is recom-
mended as a primary measure unless there are strong contraindica-
tions such as age or aversion to surgical procedures.

Recuirrent Pterygiums. (Table 12). Pterygiums which recur after
operation often represent an exasperating problem xvlhich may
necessitate several operations, resulting in the formation of scar
tissue wsvhichi limits free movements of the eye. The encroachment
of a fewv capillary vessels across the limbus folloxving an operation
for pterygium wvere destroyed by total doses of beta radiation as
lowT as 5 to 12 gm. secs. More fleshy recurrences, especially those
xvhiclh had recurred several times, and in xvhichi it wvas thouglht de-
sirable to destroy the vascular base of the pterygium, required
much higher doses. In such cases, the cosmetic considerations are
outwveighed by the desirability of preventing a recurrence of the
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William F. Hughes, Jr.

A B
FIGURE 14. RECURRENT PTERYGIUM, CASE 1, TABLE 12 (4 OPERATIONS)

A, before treatment. B, 13 months after 35 gm. sec.

growth, and beta radiation may therefore be preferable to repeated
surgical procedures (Figs. 14 and i5).

CONJUNCTIVAL DISEASES

There were 8 patients in this group (Table 13).
Extremely severe folliculosis of the lids and globes of one pa-

tient was treated with a maximum of 13 gm. secs. to any one area
over a period of io weeks. This resulted in an elimination of the
follicles although a few small papillae remained and the symptoms
were improved although not entirely eliminated.

Seven eyes with stage IV trachoma were treated with beta radia-
tion. In one case 5 gm. secs. was applied to produce epilation and
relieve the trichiasis. The other four cases (five eyes) received from
i6 to 55 gm. secs. total dosage to the corneal and limbal region in
an effort to eliminate corneal vascularization and possibly improve

BA

FIGURE 15. RECURRENT PTERYGIUM, CASE 2, TABLE 12
A, before treatment. B, 35 months after 13 gm. sec.

5o8



Beta Radiation Therapy
vision. Ratlher disturbing exacerbations of symptoms occurred in
every case. Nlision was iinproved in one eye and became wvorse in
another eye. Otherwvise thie vision remained the same and the
cornea showved little clhange except for some reduction in the
vascularization.
One case of con juLnctival slhrinkage associated wvitlh corneal opaci-

fication and epidermnolysis buillosa obtained little benefit from a
total of 25 gm. secs. of beta over a period of 83 wveeks. One patient
wvithi systemic erthihlgiis, bilateral vascularizing keratitis, and
shrinkage of the conjunctiva was treated wvitlh a total of over 0o
gin. secs. to eaclh eye. VTascutlarization wvas at one time eliminated
and vision improved from lhand motions to counting fingYers at 3
feet, but the vasctularization partially recurred, the eyes remained
irritable, and visual iimprovement wvas slight.

CORNEAL VASCULARIZATfION

The appearance of corneal vascularization in certain acute
inflammatory conditions of the cornea sUch1 as interstitial kera-
titis is often accoimipanied by a general improvement of the kera-
titis and resorption of the infiltrates. Howvever there are several
undesirable features of corneal vascularization, among wvhich
may be mentioned: (a) scarring and irregularity of the cornea
wihich not only reduces vision but makes a later keratoplasty
more difficult, (b) the late development of secondary opacification
around the vascular clhannels, and (c) a persistent edema and
ocular irritability wvlliclh may be a direct result of the presence of
corneal vascularization. Elimination of corneal vascularization by
surgical metlhods, diatlhermy, or cauterization freqtuently results
in only temporary benefit, and the vessels once again cross over
the cauterized area. On the other hand, the ischemic areas pro-
duced by beta radiation are more lasting, and vessels do not
readily cross suclh treated areas. Beta radiation selectively destroys
the endothelitum of the vascular channels, at first producing
petechial hemorrhiages in the treated area followed by progressive
generalized and localized slhrinking of the size of the lumen of
the larger vessels and finally complete disappearance of the entire
vessel. No slhadowv vessel can be detected in the cornea bv slit-
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William F. Hughes, Jr.
lamp examination folloNving successful radiation tlherapy. Cases
wvhich lhave had extremely marked corneal vascularization may
end up wvith a cornea of reduced tlickness after disappearance of
the vessels.

Vessels in all layers of the cornea can be reached by beta radia-
tion from radon and presumably from strontium90, and to a less
extent wvith radium D-E. Superficial vessels can usually be elimi-
nated by one or twvo doses of 4 to 5 gm. secs. eaclh at an interval
of 3 to 6 wveeks. Deeper vessels or vessels of greater size may require
tlhree or four such treatments. No more than two areas can be
treated at any one sitting because of the danger of undue reaction.
Therefore, to completely eliminate all vessels from a completely
vascularized cornea requires about six months. The dosage, in-
terval betwveen treatments, and location of the treatment on
the globe and cornea should be governed as much by the slit-lamp
appearance thiree to six wveeks after the last treatment as by a pre-
arranged dosage sclhedule. The severity of the reaction during
the first veek or twvo after treatment affords a clue as to the effect
of the radiation on the corneal vascularization. Also, a vessel
vlilicll can be observed under tile slit lamp to showv beginning
constriction, eitller generalized or localized, may wvell progress to
complete obliteration of the lumen after several montis withiout
furtlher radiation. By such observations, the elimination of corneal
vascularization can be accomplished with the minimum total
dosage. Althougli at one time I believed that it wNas preferable to
eliminate corneal vascularization by treating the origin of the
vessels at the limbus ratiler than directly over the cornea itself,
tile corneal stroma appears to be sufficiently more resistant tilan
capillary endotlhelium to permit the direct application of beta
radiation on tile cornea. Tilis, of course, does not hold for in-
flammatory lesions or conditions associated w%itll corneal necrosis
if relatively large doses are employed.

Ros(acea Keratitis Associated with Rosacca of the Skint (Table
14). Tilirteen eyes in 1 i patients slhowed a vascularizino keratitis
associated wvitlh rosacea of the skin. Altliougli the vascularization,
usually in sector configuration, wvas the most prominent clinical
featture, four cases sllowved small corneal infiltrates, one had central
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Beta Radiation Therapy

A B

FIGURE i6. ROSACEA KERATITIS, CASE 7, TABLE 14
A, before treatment. B, 3 months after beginning treatment With 22 gm. secs. in

io weeks.

lipoidal deposits, and one eye showed intense vascularization of
all layers of the entire cornea similar to that usually classified as
primary vascularizing keratitis..
The results of these cases have been the most gratifying of any

of the corneal conditions treated. The symptoms usually disap-
peared or became very minimal with fewv or no recurrences, corneal
infiltration disappeared wvithin two to four wveeks, and corneal
vasctularization wvas also eliminated. Clearing of the corneal opacity
often included the disappearance of some calcitum deposits and
improvement in vision (Fig. i6). The only unsuccessful case oc-
curred in a 23-year-old hiteh oman in hom the involved
cornea wvas one tlhird of normal thickness and both the lids and
conjunctiva wvere involved. The immediate response to therapy
applied over the limbal region wvas good. XVhien she retuirned more

A B

FIGURE 17. ROSACEA KERATITIS, CASE I 1, TABLE 4
A, before treattmcnt; vision=H.MI. B, 8 months after beginning treatment writh 41

gm. secs. in i8 weeks; vision=20/100-.
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William F. Hughes, Jr.

A B
FIGURE I8. ROSACEA KERATITIS, CASE 1, TABLE 15

A, before treatment. B, 31 months after io gm. secs. radon and io gm. secs. radium D,

than a year later, the rosacea of her lid margins and conjunctiva
was much worse. Although the anterior chamber was formed,
there was an anterior synechia present near the center of the
cornea, indicating a perforation in the area of previously thin
cornea. She also had posterior synechias and elevation of tension.
This perforation could not be attributed to the direct action of the
beta radiation, because the area of perforation was not treated.
The other major complication occurred in a 45-year-old white
woman who for three years had suffered intensely with an ex-
tremely painful, photophobic left eye in which vascularization
of all layers of the entire cornea was present (Fig. 17). The
blepharospasm and pain were so intense that the patient desired
enucleation. Eight months after beginning application of a total
dose of 44 gram seconds within a period of i 8 weeks, vision im-
proved from hand movements to 20/100-, and blepharospasm
became quite minimal, although some photophobia in bright
light persisted. Thirty months after starting treatment, the patient
developed a cataract which became intumescent within the period
of several weeks and was extracted without complications. The
problem of cataract formation following beta therapy will be
discussed in a subsequent section.

Vascularizing and Rosacea-Like Keratitis without Dermatitis
(Table 15). Although vascularization of the cornea may follow
any kind of keratitis, at times the degree of vascularization seems
to be the most prominent manifestation of the keratitis. Usually
the etiology cannot be ascertained, but some of the patients ex-
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Beta Radiatiotn 7Therapy
libit muitiltiple allergies. Clinically, recurrent and progressive
corneal vascularization often covers the entire cornea wvith super-
ficial vessels 6f all sizes, and in more severe cases wvith deeper
vascularization. Associated wvith this, there is uisually a large
amlotunt of corneal edema, occasionally minor erosions, and much
irritability and plhotophobia, at times of such intensity that the
bleplharospasnm prev-ents adequtiate examiination of the eye and
furtlher lhamipers the already impaired vision. The pattern of this
vascularization is often sector-shaped or involves lhalf of the
globe and cannot be differentiated from rosacea keratitis. Ac-
cordingly, imany of the 24 eyes in 20 patients listed in Table 15
night be considered as roseacea keratitis wvitlhout dermatitis.
The resuLlts of these cases have been equally as gratifying as

those described in the previous section whiiere the rosacea kera-
titis wvas associated wvith rosacea of the skin (Fig. 18). At times
whlien the corneal infiltration, edema, and vessels disappeared, a
thin asbestos-like opacity was left belhind, containing brownislh
pigment, clholesterol crystals, and calcium. The eye of one 72-year-
old mnan with intense corneal vascularization vas enucleated three
montlhs after the beeginning of beta radiation therapy because of
the persistence of mtarked symptoms. rhis patient was not given
sufficient time for the 27 gin. secs. of beta given in 15 wveeks to
have its full effect. One of our first patients for beta treatment wvas
a 39-year-old wvrhite man wvitlh a primary vascularizing keratitis of

FIGURE 19. PRINIARY VASCULARIZING KERATITIS, L.E., CASE 20, TABLE 15
A, treated with 51 gin. secs. in i6 weeks, showing relatively clear cornea, no vas-
cularization, ischelmiic areas at limibus an(d cataract (35 months after beginning
treatment). B, followving combined extracapsular extraction of cataract. Note smnall

filtering bleb at 12 o'clock.
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William F. Huighles, Jr.

A B
FIGURE 20. PRIMARY VASCULARIZING KERATITIS, RE, CASE 20. TAJiLE 15

A. uintreatdcl. 1B, 8 months after beginning treatmiient with 39 gin. sec. ra(don and 8
gm. sec. radium D-E in 34 wveeks.

the entire area of both corneas wvhiclh reduced his vision to 20/70+
in the righlt eye (Fig. 20a) and 6/200 in the left eye (Fig. iga). In-
tensiv-e beta therapy wvas applied to the limbus of the left eye, r 1

gin. secs. in 16 wveeks, and twvo years later corrected vision in this
eye wvas 20/30+. Thirty-five months after beoginning of treat-
ment, the patient rapidly developed a cataract in this eye whlich
became intumescent and wvas extracted uneventfully. The cornea
retained its forimer clarity, and the wvound healed wvell except
for one small area at which a small conjunctival bleb abotlt 2
nim. in diaImeter persisted (Fig. 19b).

STRO[AtL HERPES SINIPLEX

Penetration of the herpes simplex virtus from an ordinary den-
dritic keratitis into the corneal stroma produces many forms of
deep keratitis clharacterized essentially by marked edema wvith
relatively little vasctularization or ulceration. Twelve suclh cases
of varying degrees of severity vere treated wvitlh varying amounts
of beta radiation (Table i6). In general, the results appeared to
be somewhat encouraging, altlhouLghl it is wvell known that othcer
cases treated by different methods have a relatively good progno-
sis followving a long convalescence. In line wvitlh the principle of
treating inflammatory conditions with small doses of radiation,
the early cases of stromal herpes were treated accordingly. Only
in the later stages to eliminate corneal vascularization were larger
doses emiiployed.
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MISCELLANEOUS FORNIS OF KERATITIS (TABLE 17)

Otlher formis of keratitis affected a total of 34 patients.
Phlycten u lar. Kerato-Conju uctivitis. Satisfactory subjective and

objective results were obtained in the treatment of four cases (Pa-
tients i to 4, Table 17) of pllyctenular kerato-conjunctivitis witl a
total dose varying fromn i i to 30 gim. secs. over periods of i 1 to 40
wveeks (Fig. 21)

Acuite and Suibacuite Corneal Ulcer and Keratitis. Six cases (Pa-
tients 5 to io, Table 17) are summarized in Table 17 in wvlhich
the keratitis wvas characterized by evidence of some activ,ity suchi as
infiltration or ulceration. In general, these patients received from
1 to 3 gm. secs. eitlher contact or spray therapy until the active
infiltration or ulceration subsided. In some patients, this wvas
followred by more intense radiation to eliminate corneal vasculari-
zation. The effect of radiation upon corneal infiltrations seemed
encouraging, and in no instance did the degree of corneal tulcera-
tion become more pronounced.

Interstitial Keratitis. One case (Case ii, Table 17) of inactive
interstitial keratitis vitlh fine interstitial vascularization was treated
wVith 20 gim. secs. vitlhin i8 wveeks. Followving this, an exacerbation
or apparent relapse of the keratitis for three months was associated
wvitlh transient glaucoma. Botth the reaction and glaucoma subsided,
corneal vascularization disappeared, and vision improved from
20/200-1 to 20/70-1 twenty-eight months later.

A B
FIGURE 2 1. RECURRENT PHL C(TENULAR KERATOCONJI NCTIVITIS, CASE 1,

TABLE 17
A, before treatment. B, i8 months after beginning treatment withl 30 gin. secs.

in 40 weeks.
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William F. Huighles, Jr.

Corneal Scars. Eleven cases of corneal scars fromivarious causes
associated with varying amotunts of vascularization are described in
Table 17. Elimination of the vessels which supplied the corneal
scars sometimes seemed to reduce the intensity of the corneal
opacity, btut the effects wvere not dramatic. One must realize that
clearing of corneal scars occurs for several imontlhs or even years
after the original injury, especially in young clhildren. Old corneal
scars -without vascularization wvere in general not treated in this
series. There is no reason to believe that the fibrous tissue coin-
prising the scar is any more sensitive to the effects of beta radia-
tion than the adjacent stromal cells of the normal cornea.

Keratocotnuis (Cases 26-28, Table 17). The vascularization fol-
lowing acute lhydrops in one case of keratocoiutis was eliiiminated by
beta radiation wvitlhout any significant effect on the corineal opacity
or vision. Fotur eyes of twvo patients showed the ratlher tunuLsuLal pic-
ture of marginal atroplhy of the corneas associated wvitlh a aeneral-
ized bulging of the central portions of thie cornea. V'essels crossed
the marginal gutter to encroaclh upon the pupillary space. The
cautious uise of beta radiation at the limbtus and to a less extent
over the cornea resulted in elimination of the majoritv of these
vessels and improvement of vision wvitlhout fuirtlher loss of tissuLe at
the corneal margin. During the course of treatment, however, some
severe reactions wvere obtained whliiclh subsided after a fewv weeks.

Recuirretnt Fistulizing Corneal Ulcer. One patient (Case 29,
Table 17), who lhad had a recurrent perforating corneal tulcer asso-
ciated wvith very little surrounding inflammatory reaction and to
whlich area corneal vascularization lhad arrived, wvas treated with
beta radiation successftully (Fig. 22). The fisttula closed, the cornea

A B

FIGU'RE 22. RECURRENT FISTULIZING ULCER, CASE 29, TABLE 17
A, before treatment. B, i year after 7 gm. secs. in 4 veeks.

539



Beta Radiationt Therapy
in this area became one-third normal thickness, and furtler break-
dowvn of the fistula did not occur over a followv-up period of two
and a lhalf years. The mechanism of this action can only be sur-
nisedci whetlher due to the elimination of the vascularization, or of
the epithelium lining the fistula, allowing repair of the defect by
the adjacent corneal stroma.

Corncal Dystrophy. Three cases (Cases 30-32) of Salzmann's dy-
strophy wvere treated wvith beta, resulting in an elimination of the
vascularization but no apparent effect on the superficial nodules
thiemselves. One man wvith vascularized leucoma suggestive of
lipoidal dystroplhy wvas treated wvith only slight clearing of the cor-
neal opacity and reduction in the number of vessels. A second pa-
tient wvith bilateral lipoidal dystroplhy of the cornea wvas treated
witi) beta wvitlh definite improvement in both symptoms and vision.

SUPERFICIAL KERATECTOMTY AND KERATOPLASTY

Four cases of superficial keratectomy (Cases 1-4, Table i8) fol-
loved by beta radiation showed disappointing results as far as
the intensity of the corneal opacity and visual improvement wvas
concerned. However, by this method vascularization of the cornea
wvas largely prevented. If beta radiation is applied vitlhin several
days following superficial keratectomy, only small doses suclh as 2
to 3 gim. secs. will prevent the ingrowvth of newv capillaries. It should
be realized however that the radiation wvill also inhibit the regen-
eration of the corneal epithelium, and therefore should be used
only wvhen vessels are seen by the slit lamp to be crossing the lim-
bus onto the cornea.
Three cases of penetrating keratoplasty (Cases 5-7, Table i8)

complicated by the ingrowth of vessels around and slightly in the
graft wvere treated vith beta radiation postoperatively. In general
the radiation wvas confined to an area just outside the margin of
the graft in order to avoid exposure of the graft. This teclhniqtue
succeeded in preventing the vascularization of the three grafts.

BURNS

Foturteen cases of burns are summarized in Table 19.
Tvo cases of severe heat burns of the cornea (Cases i and 2)
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William F. Huighles, Jr.

treated several months later wvith large doses of beta radiation did
not produce very satisfactory results. One tear-gas burn (Case 3J)
associated wvith corneal vascularization responded wnrell both suib-
jectively and visually to elimination of the vascularization. One
recent acid burn seemed to do xvell on 9 gin. secs. of beta. Thiree
old acid burns did not show any visual improvement after rather
intensive beta therapy. Twvo eyes of one patient burned wvith sul-
phur dioxide slhowed conflicting results. The eye wvhiclh improved
was given beta less intensively, btut symptoms in both eyes per-
sisted. One recent sodium bichromate burn responded wvell to beta
and cortisone therapy. One recent lye burn responded wvell and
twvo moderately recent lye burns shoved no improvement follow-
ing radiation. Twvo old lye burns responded little. One patient
(Case 14) burned in both eyes wvitlh ammonia and sulphur dioxide
show%ed some clearing of botlh corneas folloving the elimination of
vascularization by beta (Figs. 23 and 24).

A B

FIGURE 23. AMMONIA AND SULPHUR DIOXIDE BURN. CASE 14, TABLE 19

A, before treatment. B, 4 months after beginning treatment vith 28 gm. sec. in
i 6 weeks.

On several occasions during the past fewv years, Iliff, \Vilson, and
I have made attempts to prevent vascularization of the cornea
wvhichl folloixs sev ere chemical injury (i). Experimentally on rabbit
eyes it wvas inmpossible to prexvent completely the ingrowth of blood
vessels soon after the injury vithout producing deeper ulceration,
probably as a result of an undue amount of added damage to the
already necrotized corneal stroma. Therefore, it is probably desir-
able to wvait after a chemical burn until the initial healino of the
cornea has taken place. Then, the vascularization can be systemati-
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A

1 A, before treatment. ',months after
b_..eginning treatment with 19 gin. sec. in

i6 wveeks. C, i onthis after B.

FIGURE 24 AMMONIA AND SULPHUR DIOXIDE BURN, CASE 14, TABLE 19

(ally elimiinated w ithout danger of accentuiatingy thie amouint of
corneal dImae.

EPISCLERITIS AND SCLERITIis (Table 20)
Smiall (loses of beta radiation apparently hiad a beneficial effect

on twvo cases of acuite nodular episcleritis (Fig. 25). Because it is
wvell known that acute nodular episcleritis and scleritis usually

A B

FIGURE 25. NODULAR EPISCLERITIS, CASE 1, TABLE 19

A, tintreated. B, 3 months after starting treatment with 4 gm. secs. in 4 weeks.
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Beta Radiation Therapy 541

clear up spontaneously durincg the course of a few wveeks, the next
patient vith tlhree separate nodules of episcleritis in one eye re-
ceived treatment only to the wvorst area, wvlhiclh responded vell, thle
twvo untreated areas remaining unchanged. This eye subsequently
developed recurrence of the episcleritis and scleritis, a marginal
corneal ulcer, uveitis, secondary glaucoma, and then a localized
necrosis of the sclera in one of the areas of inflammation, suggest-
ing the picture of scleromalacia perforans. The eye wvas enucleated
because of pain, and on examination was found to be tuberculous.

Althoughl some of the cases of deep keratitis reported in this
series may possibly have been tuberculous, insufficient evidence wvas
obtained to make a presumptive diagnosis of tuberculous sclero-
keratitis. XVoods (2 i) reported that of 72 eyes wvith anterior ocular
tuberculosis treated wvith beta radiation, 53 percent remained
lhealed for at least one year, 39 percent wvere improved, and 8 per-
cent wvere unimproved. Improvement in vision of at least two lines
occurred in 42 percent of the cases, buit no effect was noted on the
recturrences of the attack. These results suggest that beta radiation
was of some beneficial effect, but exact statistical comparison vith
a comparable cc'ntrol series is not available.

OTHER CONDITIONS WHICH DO NOT RESPOND TO BETA RADIATION

In addition to the type of cases discussed in the tables above,
some mention slhould be made of certain conditions whiich hiave
not been found by otlhers to be affected favorably by beta radia-
tion. Cases of Fuchs' endotlhelial-epitlhelial dystroplhy do not re-
spond. Altlhoughl several English investigators lhave reported favor-
able restults followving the use of radiation for stuperficial punctate
keratitis, the experience of Iliff and otlhers has not shlowvn any
dramatic results. Epitlhelial dowvngrowNtlh into the anterior clhamber
followving cataract extraction is not amenable to beta radiation be-
cause of the relatively superficial penetration.

UNDESIRABLE REACTIIONS AFTER BETA RADIATION

An estimation of the value of beta radiation therapy in ophthal-
mology must not only consider the rather dramatic effects obtained
in several conditions, but also any early undesirable reactions or



William F. Huighes, Jr.
later compiications of therapy. In viev of the maximum follow-up
of a little over three years, no information is obtainable in this
series as to the possibility of very late complications. Hovever,
there are certain immediate and relatively short-term reactions
wvlich have presented tlhemselves and wvlichi mighlt be avoided in
future therapy by proper precautions.

Ociular Irritation Immediately Followitng 7Treatmetnt. WVithin a
fewv hours after treatment, the patient usually develops symptoms
of minor irritability similar to that experienced when a foreign
body is in the eye. This usually subsides within a few lhours or, at
the longest, a few days. This may be related at least partially to
trauma caused by the applicator.

Persistenit or Delayed Irritation. In this series, about io percent
of the patients developed symptoms of irritation, tearing, and
photophobia of at least twvo wveeks' duration at some time during
the treatment wvith beta. Althoughl the average duration of these
symptoms wvas twvo or tlhree veeks, they persisted for twvo or tlhree
months in a fewv patients. Examination revealed photophobia, mild
diffuse conjunctival injection, occasionally superficial punctate ero-
sions of the cornea, or persistent epithelial edema wvhere large doses
had been applied directly to the corneal surface. All symptoms and
signs eventually subsided spontaneously, and no really effective
treatment wvas found to relieve the condition. Dark glasses, cold
compresses, and the local instillation of cortisone drops have been
used.
These reactions undoubtedly represent conjunctivitis and super-

ficial keratitis due to the radiation, altlhoughl at first some of the
cases wvere treated withi anti-bacterial agents wvithout appreciable
effect. As seen in Table 2 1, there is a definite relation between the
dosage rate of treatment and thie incidence of development of ocu-
lar irritability. Any average dose rate of 1 gin. sec. per wveek or
more resulted in some cases of this complication. Except for twvo
cases of traclhoma wvliclh reacted unduly to single treatments vitlh
5 to 6 gm. secs. respectively, it usually required a total dose of at
least 15 gm. secs. to produce this complication. It should be men-
tioned that these total doses wvere not necessarily applied in any
one area; usually not more than twvo or tlhree applications totaling
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Beta Radiation Therapy
TABLE 21. RELATION OF DOSAGE SCHEDULE

REACTIONS

TO UNDESIRABLE OCULAR

PERCENT
WITH

OCULAR
NUMBER IRRI-

OF TABILITY
CASES LASTING

OVER
2 WEEKS

INDIVIDUAL
TOTAL DOSES

Without With
Ocular Ocular
Irri- Irri-

tability tability

OTHER COMPLICATIONS
(Total Doses)

I5 I 100

6 2 100

5 I 0

4.5 2 0

4.0 3 100 23, 25,
30

3.5 6 50 II, 14, 34, 34,
3' 34

3.0 I6 I3

2.5 10 10

2.0 45 9

I.5

I.0

o. S or less

i8 5

55 5

I8 0

Cataract after 3 years (51)
Cataract after 212 years (44)
Transitory glaucoma and(?)early

cataract (30)
Intracorneal hemorrhage (15)
Intracorneal hemorrhage (I8)
(?)Transitory glaucoma (57, 63,
64)

Nuclear sclerosis (64)

(?) Glaucoma i9 months (6I)

12 to 18 gm. secs. were ever given in any one area. Application of
radon to the globe appeared to result in this complication more

frequently than when it was applied to the conjunctival surface of
the lids, in vernal catarrh, for example.

IHemorrhage. Two cases were encountered in which telan-
giectases following moderately large doses to vernal catarrh of the
upper lids resulted in some bleeding externally, but this subsided
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DOSE/TIME
Gm. Secs./

Weeks

4, 4 (and
after I
wk.) 3, 4

30, 24
10

9, 58
(papil-
loma)



William F. Hughes, Jr.
spontaneously. Two cases developed intracorneal henmorrhages dur-
ing the constrictive and fragmentation stage in the corneal vessels.
Blood-staining of the cornea resulted in these localized areas.
Formation of Postradiational Vessels. A distinctly undesirable

cosmetic blemish often results a year after treatment in areas sur-
rounding ischemia produced by radiation. These vessels are di-
lated, tortuous, at times partially constricted in the form of sau-
sages, and contain a very sluggish flow of blood. In general, such
vessels show little tendency for growth over the ischemic area or
onto the cornea; but, in a few instances, after two or three years
such an extension occurred. These are particularly undesirable
cosmetically when the treatment is carried out within the palpebral
fissure, as for pterygiums.

Epilation. In one case, epilation resulted from 2 gm. secs. treat-
ment which was repeated after four weeks. However, six months
later, the lashes had regenerated normally. The exact single epila-
tion dose is uncertain but probably ranges from 4 to 6 gm. secs.

Late Corneal Ulceration. In none of our cases did the applica-
tion of radon appear to accentuate the degree of ulceration. This
may be because great care was taken to apply not more than 1 gm.
sec. over an area of active corneal ulceration or infiltration, al-
though this dose was repeated in some instances after intervals of
one or two weeks. One case in our series and another case treated
elsewhere developed a shallow corneal ulcer adjacent to an area
of the limbus rendered ischemic by the radiation. The ulcer in our
series was also accompanied by bacterial infection and cleared
rapidly on antibiotic therapy within six days. The other case
showed greater chronicity of several months and a conjuinctival
flap was recommended. In view of the rather large numbers of
cases which had at least partial ischemia of the limbal region, this
extremely low incidence of ulceration implies that complete in-
tegrity of the limbal circulation is unnecessary for the immediately
adjacent cornea. Vascularization has been eliminated from areas
of marginal atrophy of the cornea without further thinning of the
corneal substance.

Epidermalization of Conjunctiva. Others have reported a condi-
tion of epidermalization of the conjunctiva of the lids resulting in
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clhronic irritability of the eyes. This complication hias not been ob-
served in outr series, perlhaps because of the tendency to avoid suf-
ficient dosage to completely eliminate all the cobblestone papillas
of clhronic vernal catarrh and ratlher to flatten them out and elimi-
nate the disclharge stufficiently to improve symptoms. It appears qutite
reasonable to assumne that the systematic and complete elimuination
of all the imucouis glands of the conjunctiva might result in tunde-
sirable epidermalization of the conjunctiva. However, it slhould be
remeimbered that advanced forms of vernal catarrhi in whliclh there
is a deposition of muchi hyalin m-aterial do not resolve tlhemselves
spontaneously leaving a normal conjunctiva, btut ratlher some scar-
ring and pathologic clhange wvliclh slhouild not be interpreted as
radiational in type.

Glautconma Followitng Bet(a Radiation. Because radiational glau-
coma lhas been described after other forms of radiation, and be-
catuse superficial aqueous veins are undotubtedly destroyed by beta
tlherapy whlich renders the limbal region isclhemic, glaucoma has
been looked for in our cases. The problem of diagnosing glaucoma
in most of these cases whliichi halve received large amounts of radia-
tion at the limbuLs is made difficult because of the tunreliability of
tonometric readings on suclh heavily scarred and irregular corneas.
In a few eyes in wvhichi the tactile tension appeared to corroborate
the elevated tonometric tension, it was diffictult to attribute any in-
crease of pressure to the effects of the irradiation alone in view of
the clhanges present within the anterior ocular segment due to the
disease process or an exacerbation of the inflammatory element of
the disease itself. A few of these patients whlo appeared to hlave
elevated tensions apparently became normal spontaneously after
several wveeks or montlhs. One patient with bilateral vascularizing
primary keratitis (Figs. 19 and 20) wlho received approximately 42
gin. secs. in 34 wveeks over the limbal region in one eye and 51 gim.
secs. wvitlhin i6 wveeks in the other eye ran tonometric tensions rang-
ing from 25 tO 45 for over a year. However, there is, as yet, insuffi-
cient evidence of disc and field clhanges to wvarrant the diagnosis of
glaticoma in view of the possible unreliability of the tonometric
tensions.

It is notewvorthy that all the patients in wvhom glaucoma was
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suspected lhad large total doses of beta (average 53 gm. secs.), usu-
ally over a prolonged period of time.

Cataracts Following Beta Radiationi. Definite cataracts developed
in twvo patients wvlo received relatively large doses of beta-radon
over a relatively slhort period of time (Figs. 17, 19, and 20): Both
cases wvere treated for intense primary vascularizing keratitis, the
greatest amount of radiation being applied over the limbal region:
in one case 44 gIn. secs. in i8 weeks and the second case 51 gm. secs.
in i6 wveeks. Evidence of cataract appeared at 30 and 35 montlhs
respectively after beginning radiation tlherapy. Although the exact
details of the morphology of the cataracts could not be studied be-
cause of the moderate haziness of the cornea, the first thing noted
wvas an increase in the amber-colored nuclear haze, folloved wNitlhin
several wveeks by rapid development of an inttumescent cataract.
Botlh lenses wvere extracted uneventfully, one by the extracapsular
rotute and one by the intracapsular route. The anterior chambers
formed readily and the wounds appeared to lheal satisfactorily al-
thoughl in one case a small 2 mm. conjunctival filtering bleb de-
veloped. The residual clarity of the corneas was not appreciably
affected by the operation. No other definite cataracts have been ob-
served, altlhoughl in twvo other cases there appeared to be some in-
crease in nuclear sclerosis. It is possible in other cases receiving
large doses of beta-radon that cataracts lhave been concealed behind
dense letucomas, and in other cases insufficient time has elapsed for
cataracts to develop. No other reports in the literature wvere found
of cataracts forming followving the use of beta-radon in otlher types
of applicators. It is possible, of course, that cataract formation in
these twvo eyes mighlt have been mere coincidence, but the monocu-
lar character of the opacities, the large dosage rate of beta given,
and the rapid development of intumescence are certainly sugges-
tive of an etiologic relationship.
The tolerance of the lhuman lens to X-ray or gamma radiation

has not been determined, cataracts having been reported after total
doses of iooo to 3ooo r, varying wvidely because of different energies,
regimes of treatiment, and so on. In view of the almost complete
lack of information concerning the tolerance of the lens for beta
particles, it mighlt be interesting to spectulate about the possible
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TABLE 22. INDICATIONS FOR BETA-RADON THERAPY

Condition

Treatment of Choice

Favorable Results
(Low Doses)

Uncertain Results

Not Indicated Be-
cause of Undesir-
able Features,
Better Treatment
Available, or No
Effect

Epithelial tumors of limbus and cornea

Vernal catarrh, palpebral or bulbar forms,
associated with severe symptoms

Rosacea keratitis
Primary vascularizing keratitis
Recurrent pterygium
Vascularization complicating keratectomy and

keratoplasty

Phlyctenular kerato-conjunctivitis
Inflammatory infiltrates in cornea
Papillomas and hemangiomas of conjunctiva
Nodular episcleritis
Granulation tissue

Stromal herpes simplex
Basal cell carcinoma of lid margin
Chemical burns (not recent)
Tuberculous sclero-keratitis
Interstitial keratitis
Trachoma, IV
Salzmann's dystrophy of cornea with vascu-

larization
Lipoidal dystrophy of cornea with vasculariza-

tion
Old vascularized corneal scars

Superficial punctate keratitis

Primary treatment of pterygium
Corneal scars without vascularization
Fuchs' endothelial-epithelial dystrophy
Epithelial downgrowth into anterior chamber
Acute chemical burns
Large does for inflammatory lesions
Cicatrizing conjunctival disease (e.g., pem-

, phigus)
Nevi
Pinguecula
Tumors of lid margin

Indications
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dosage of radiation which reaclhed the lenses in the two patients
described previously. Using Krohmner's data ( ) and that of Table
, the ouLtput of our radon applicator mi:o-lht be tlhotughlt to range
betwveen o.5-3 rep'mc./sec. At a deptlh Of 4 mm. at the anterior sur-
face of the lens, a range of values from 440 rep to 7,650 rep mighlt
be expected in these twvo cases. At 5 mmi. below the corneal sturface
or I mm. within the lens, a dosage of 220 to 1530 rep mioht be
expected considering a i per cent penetrationl to this level. The
extreme tipper limits of these gross estimations, tlherefore, would
seem to be wvitlhin cataractogenic ranges.

SU,IM.MARY OF INDICATIONS FOR BETA RADIA'T'ION THERAPY'

Ocular diseases wvliclh have been treated with beta-radon tlierapy
have been classified in Table 22, considering the degree of re-
sponse to radiation, the possibility of undesirable reactions, and
the comparison of beta radiation tlherapy to otlher imieastures. Beta
radiation slhould be as good or better than otlher recognized treat-
ment and relatively free of undesirable reactions in order to pro-
vi'de an indication for its use.

SU \IMMARY

The clharacteristics of beta radiation from various oplhthalmic
applicators are described, including a newv radon applicator whliiclh
utilizes radon in capillary glass tubes. The restults of treatment of
various ocular conditions in 235 eyes with beta-radon dturing the
past three and a half years are reported, incluidino' several uindesir-
able reactions and complications wvhichi were encountered. From
these studies, tentative indications for beta tlherapy in oplhthal-
mology are listed.
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