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Diasbetes mellitus is ¢ c.axdition %reated with much success

since the introduction of =5 iin and lzter of the oral anti-
diabectic drugs., IHowever, rz.nwul life cxpecctancy nos not vet been

achieved, largely cdue to vizcular disecase. Diabbotic retinopathy,

S

a gcerious complication oftcn a2csocizated with varying dcygrees of

other vascular complicati ent o vision and
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often b.iindness. Other thin cereful coantrol of the hlood cusar

during “the course of the Gizb:tecs, no adequaic praventative . oacuras

have be:n found. The relalio. of +hao pituitary two diekeics (1) 2nd

the recorts of the dicappearznce of Jiaketic retinosathy in patients

developinc spontencous hypopituitzarisa (2,3) have suggested the
Sascd on twWo popers presented at tha Spring Msoting of :he
¥Modicul and Scientific Section of the Lritish Jitheotic Anzeocia-
clcn Wolfson Institute, Iummercoith Hospital, London, Zooland,
Apriz &5, 1882,
Thecs studies have bean crhiefly supported throuch the vrooram
in Ziology and liedicine of the Lawrence Radiation Lzkoratezy
\wa) of the University of Calisornia. The Donner Labor "atoxy
is the Chief center for this program of L
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“e have had thrhe advicc, ussictance, coope d concalt.-
“*un of mony physicizrsz in the care of these paticnts, out we
sl ospeclally appreciziive of that civen by Dr. Paoter Forsiiam,
Dr. Frederick Cordes, L Samuel Kimura, Dr. Michael Eogan and
Dr. Vincent DiRaimond:. ¥e also wich to rccogn~:c the impo rtant
coatribution to the werk of our associates Dr. Froaco Senga.ii
and Dr. Richard Carlscr ho are still associatga with the work

in a2 consultztion capicirv,
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poscible Importance therape:izally of pituitary ablation or “he

suppression of pituitary fuiction. Some favora a2ble resultrs have -

bécn achicved after completi: or partial hypophysectory {4,5,8,7,€).
In 1935 we found a reli:ively greater biolcgic effect cf

heavv-*artlcle—induced tiscie ifonization (proton) on both ncrral

and neorlastic tissue in a series of experiments with the 37-inch

ané €é0-inch cyclotro;s (9,13,11). Or the bacis of these exreziments

thereapeutic trials were mzd
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these relatively low-gnergy
neutrons (12,13). In mpre :-oziat vears, heavy charged-particies
with higher and higher cner;.:: have becona available, so that

ticsue ionization with a hish -s2lztive biolegiczl effect is

available (14) and zssocia® x! .i%th nminina
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dose due to the Bragc curvs: iy, Thus, witn comparativelyv little
intervening radiztion desec, ¢r:xgy cezn be delivered in relatively
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localized packaces to creat divihs Lr o ri

0]

sue {1

()

In clinical cstudies dus.r =heo past ten years (17,18,19) it

has been found “ho% with «3: < .ie herapeutic de’;verv o nign-

H‘

energy nicavy ions such as T iottas, alphe pa 1c1cs oxr dbut ns to
the sella turcicz in fractisnz-ed doses, it is possible in inhibit
the function of or to destrsy the pituitzrv gland in patients
£fering from troast cance:, dlubetlc retinopathy and various
othor conditions in addltion to the use of these ions in trezting
tumors direct ly (8,20), and in the production of localized lesions
in the soft tissuaes or nervous system of animals and ran (16,21,22,23,24}.,
Our investigations in patients suffering from advancedbdiabctic
Tetinopathy began over five years ago. We used positively-charged

[ . . . - . . .
heavy particles® which at the end of their track in tissue produce
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ments an shown in Flgure 2. ©
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decreasa in insulin reguiz: nz:

patiente improveamt in wisizst,

appeararce of tha evecrouads
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hemorrhiges, microzneurvsms,

All of the pctients in i

irracdiaticn by their privatl
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been cared for bv modical zay:

and were considerxed to heve o1

raceivac a deteiled ophthalt:!
ophthalrwlcgicts as well ar »n
In acddilion, rctinal ghotorr:it
a2fter treocment.

Witlin the group of 71 ziv
fexales edian cge at tinz ¢
65 vrs). The diagnosis of 1i:
prior tc 2ge 40, the mediar =zc.
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to 60 yrgo).

was 16 yxrs {rang:
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13 croun treated with 10,000 - 21,(C0
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When last ceen in December 21952 her visual status wes unciancced
and thece had been no furti.cl acmorraages.

Cnh3n 2, L.T., a 39 verz LG whilce physician was 13 yoeaxe
old whea diabetes melitus vzs dragrmosed. He was reasongdis’ weall
controlicd with insulin éict, aving infrcquent inculin roucticns
and no 2dizodes of diabetic ¢ =ma, In 1954 the patient was told
that his right eye chowed :ig - cf disbetic retincpathy, but Dlurzed
vizion was noct noted until 193 3, EZiace that tire thcre had bzen
progreszsive loss of wvision I miis right eye with fregucat bouts of
cudd lurring of vicion. ‘lacre h:d.bccn znall hemcrrhages ip
the lef: eye, alcso. fakauic neurcpathy involving the lcit T
oculomotor nerve wzs diagnosed in August 1958 when diplopia ‘
develop:3d.

Wh:ia we first cav thi:s pitient in October 1958 the right ey:
showed dizbetic retinopath's w . th scvere retinitis proliZcren:z and
detachmant of the retina., Visual aculity was extremely zco Tha
left ey: chowed czrly diabetic retinopathy with some vencus dilata-
tion and & fow nicroapeurysms: wisual aecnity was 20/20 with correc
There was ~o seriouc renal involvemoent or cardiovascular discacse.
Bis ingu.i. Jdosage was 4€ units dallyv,

Hcavv-particle radiation was adminictered to the pitultarzy
clanc in £ treatments over a 17-day interval. Therapy was

|
Ft e

+ord

cvember 17, l1e5C.

To..icwing therapy his ca

dropzing from 48 to 36 uniis
irraciation was 30 units dcfi
fatigue and was started on t

.1y insulin requircement
and by one vecar pos:

In February 1960 he complained »f

hrroid (1/2 gr. daily) with improvem:aat



in this wymptom. However, ouwizeme faticue and docrzased libide

develepai in December 1960 zad he waz then storted on prednicolene

(5 mg pex day) and testostirore; his insulin requircmeni remained
at 30 urits. The insulir roovirement in Octoker 1961 was 28 vnits.
In hugunt 1862 (almost 4 vizar: post-irradiaticn) he was takins 25
to 30 urnits of irsulin daily :nd continuing tho replacement therany.

Rotinopathy was stabiliscl during the first year postirradiation;
there waere no obvious retinzl lemorrhzges and there was 2 cuection-
able decrease in the number =i microuncuryems., Dufing the sccond
year mirimal progression of Il retiropathy waz reneried; visual
acuitier were 20/40 with thz 1.ght cve and 20/20 with the loft eyo.

In Mazrcr. 1952 (almost 2-1/Z «urs poci-irradiaticn) the right eye

still srowed the retinal ccozzctien but the diebetic proceczs

-

appeared inactive. The lel:z ¢ "z had scme vascular abnorzmalities
but was cencrally improved. Vlzual zcuities werc: right ave

20/100; left cve 20/20. AT % - 2arc ;ost-irradiation stabilizaotion

2]

of retinopathy continues., .

o

Caze 3. J.5. This 24 ;¢ :r 0ld white housewifo waz 11-3i/2

vears o©1@ when diabates mel litags wac di

f)

cnosed. She wac treated

-

with a dizbetic diet and inszulin in doces up to 110 units daily

withcut achieving good control. Ocular cymptoms began in June 1656
when she suddenly developed vitrecous hemorrhage in the right cye

and a dizgnosic of diabetic retinopathy was made. Durinc the

second cf two precnancies ia 13558, both of which terminated

(o)

spontancously, 3k developed edema of the legs, abdomen and face

vhich pcrsisted and was controlled by diuretic therapy.

In 2pril 1959 Zunduscopic examination of the right eve revealed




;
disc. A6 vascular pattern w .z distinctive in that it romained N
proxinmzl to the rotina and i Aot eiitend into the vitrcous., Thore .

-

Ty -

were punctate hemorrhages -v -ha fegion ol the right mzculsa iad the .
Zoveal faflex was abscnt, 0y victzl acuity in this eye wos ZG/Cu.
The left cye had 2 sinmila:-- VY3Z oI rotincpathy, zad visvzi Scuity
was 20/10. In addition wc CLi2Zlic retinopatihy the potient had
mild nczaronathy (creatiniic 1learance was 40 cco Ber minute;
proteirnaria was 1+). Thor.: w.. no obvious cardicvascular diccasc,
Her pre-irradiction insul:-. SUsage was 35 units Caily, f
Eeavy-particle wadiat oo vas wLnlstered to the pltuitary
gland i1 6 trecatments over : - 1l-4oy interval. Theropy was |
complet:=d Asril 24, 1959,
Following therzpy her i =lin f2Guircment fell frox 25 to 10
tnits c2ilv in four monih: weuszerc furuncles interfeoved with o
her diazztic centrol, howe e, und hor requircement Fluctuated.
Cortizona replacemant thertr r2go initizted in fugust 1658 and
her incalix requizenent tho nereuz:é Lo 20 to 30 units caily, It

was not:d I Septembor 1630 - L+ the patient had nes menstructed
11

since ther.py in April. . “tuitary gonaéot:opin-

2
<
®
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(s
15}
¢t
]

nNegative ¢t 5 mouse unites, I...I. vias 3.2 pg/10

cr
§or
o
8]
ct

m f_and the
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Wes started on thyroid and @zrogen.  In November withdrawal blged-
ing occerred after steppin:y estrogen therapy for tws wecke, In..

Hay 1982 i¢ was noted that her insulin roguircmen cried from 15 ~ !

“_
<

to 30 uaits daily, In March 1961 che underwent surgery for a o

e e

Pilonid:l cvst with multiple sinuses and her cutanecus infcctions

*d ua




subsidel following this surgery. Dicbetic control was scmonat

Ecr retinopathy was & cu it to e improved in Scptomber 1559

in that thc neovasculc izio o of the dises and microancury/oms
were lesz oncunced. At .. oo goct-irradiztica the zetironiihy
‘ rereingl markedly improved o .2 whca the eyves were cxaninaed in

her left eye lid which was 1 ¢ght to e Gue to minimal rudiction
demage o the leit oculomo < ncrve. In Scptember 1SCC che was

hospitalized with a dizarr.: L .L:avioxr pattern. . EZveluaticn ai that
time showed that in edditicr o clcar-cut emotional disturh:

the patient had deiinite Icitures of
1

In Canuary 186

right side with slurzing o sicech and wae hogpitoliczed with richit-

sided v:ircivsiz, Meurclce: ¢  omination showed findincs concistant
& . -

with 2 :hrombotic ccclusia. o & bronch of the left middle
cerebral artery uring ti.c oyt vear she had several mere roxes
and greadually deteriorated. e watieont cxpired February 7, 16562

(33 mon:is posti-irradiatics) =« urcaia. Post-morten examination of

the cerobral vessols showe.. Q. arca of complete occlucsicn ol the

left middle coarebral artery a.d muliiple 'infarcts of the brain.

asr 4, D.D,, a 33 vi.cxr old white grocexry clerk wag 17 ycares

0l3 whe diabetes mellitus wars dizcnesed. Insulin therapy wes

('1

=23 and he was fairls w:ll controlled and had no epicodlces
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FIGURZ CAPTICN

Figurae 1. <Changes in target-organ functiion following pituitom

irradiatien.

Figure . <Changes in insulin rzguircments following pituitary

irradiation.

Figure 3. Patient H.W. Svpoiior tomporal region, right eye.

Before treatment {{ :£t) there was marked venous Cilati.—
tion and irreguizr: ty; thore were also numerous miisro--

aneurysas and miny blecding neovascular tufts. Siittecs

IE8
pe

months followine i:rradiztion (right) there is mar:ad

reduction in th¢ =nccvascuiarization and the numbos of
microaneurysms; tf = iz zlso a striking improvement in
the appearznce ¢f - 12 retinal veins.

Figure «. Patient R.F. Supziicr recion, left cve. Before treat-
ment (leit) there viore many microaneurysps, ncmorrhagic
aeovascular tufts, =nd xuch cxudate. Five moaths
follewing thercyy vight) there is marked reductic.. ir
microangurysms ¢nd hemcrrhagic spots, and much leso

. e e
exudato. Neovancu.orizatsi

O
s
-
)
tr
&
o g
o2
0
t
'S
O
i
E.:.

S0

areas and worse in others; therefore, the naot cffoct

with regard to reotuscularization is no change.
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Fig. 4.




