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OPH'I'HALI..OLOGIC SURV-Q OF ATOXIC BOIB SUitVIVORS IN JAPAN November 1949 

Furpose 

The ophthalmologic s tudy w'nich t h i s  corrmunicatim proposes t o  r e p o r t  i s  p a r t  
o f  a long term p r o j e c t  conducted by t h e  Atomic Bomb Casual ty  Cormnission (LECC) t o  
i n v e s t i g a t e  t h e  medical and b i o l o g i c a l  e f f e c t s  of t h e  atomic bombing i n  Japan. 

The request  f o r  an nphthalmic survey was apparent ly  i n i t i a t e d  by t h e  Cormittee 
on Ophthahology of t h e  I la t iona l  Xesearch Council w i t h  t h e  implied i n t e n t  of  de te r -  
mining what, i f  any, delayed i n j u r y  t o  t h e  eyes had r e s u l t e d  from t h e  atomic bomb- 
ing.  The undertalting was prompted i n  considerable  measure by t h e  r ecen t  discovery 
of c a t a r a c t s  i n  cyc lo t ron  workers who had b e m  chron ica l ly  exposed t o  f o r m  of ra- 
d i a n t  energy (neut rons  and g a m a  r a y s )  similar t o  those which were given o f f  by the  
atoniic bomb. 

The assumed t a s k  o f  t h e  study group was th ree  fo ld :  (1) t o  determine qua l i t a -  
t i v e l y ,  by h i s t o r y  and examination, whether o r  n o t  ocu la r  l e s ions ,  o t h e r  than t r au -  
mat ic ,  r e s u l t e d  from t h e  atomic bombing; (2)  w h a t  t h e  approximate frequency o f  these  
l e s i o n s  was i n  a sample (;roup of t h e  surviving populat ion who had been near  t h e  
.hypocenter a t  t h e  t ime of t h e  explosion; and (3) t o  note  any i n c i d e n t a l  f ind ings  
t h a t  might be comide red  of s ign i f i cance  o r  i n t e r e s t  i n  a rou t ine  examination of  t h e  
eycs o f  a Japanese populat ion.  

- Fersonnel ,  o rganiza t ion ,  and procedure 

The Ophthalmohgic Survey Team cons is ted  of Drs. David G. Cogan, S. Forres t  
liartin, and Samud J .  Kimra .  The c l i n i c a l  f a c i l i t i e s  and most of t h e  personnel  
were provided by t h e  GLICC1.  Se l ec t ion  of p a t i e n t s  f o r  t h e  survey was made from t h e  
census f i l e s 2  of  t h e  A W i :  and t r anspor t a t ion  of  t h e  p a t i e n t s  t o  and from t h e  C l i n i c  
was a l s o  made poss ib l e  by t h e  PLBCC. The personnel of  +,ha C l i n i c ,  under t h e  s u p - -  
v i s ion  of Pearl  T. Kimura, R.N., cons is ted  of two Japanese nurses ,  one b i - l ingual  
s ec re t a ry ,  one i n t e r p r c t c r ,  and six p a r t - t h e  i n t e r n s  from t h e  Red Cross Hcrs?ital3 
of  Hiroshima. 
m e  r c f r a c t i n g  u n i t ,  four  ophthalmoscopes, one photoCraphic appara tus  fo r  t ak ing  
e x t e r n a l  pictur ,es  of the eye, and a miscellany o f  l e s s e r  i tems. 

The e q u i p e n t  cons is ted  in  t h e  main o f  two s l i t  lamp biomicroscopes, 

The C l i n i c  q u a r t e r s  consis ted of approximately 3OC square f e e t  i n  what had been 
a por t ion  of  t h e  audi tor ium of  Gaism-kzn ("Victory 8iiilding" j ,  t h e  temporary quar- 
t e r s  of t h e  i i X G ,  a t  t h e  p o r t  of embarkation of i i i r o s h i p .  
i n t o  two exmin ing  rooms, t h r e e  in te rv iew cub ic l e s ,  and one c e n t r a l  wai t ing room. 

The C l i n i c  wzs subdivided 

The p 3 t i e n t s  of t h e  survey group were brought t o  t h e  C l i n i c  i n  l o t s  of ten and 
of  t h e  non-survey group ( t o  be subsequently dzf ined)  a t  i:-regular i n t c r m l s .  The 
p a t i e n t s  were ushered i n t o  t h e  C l i n i c  by t h e  sec re t a ry ,  r e f e r r e d  f i r s t  t o  a nurse 
f o r  v i s u i l  a c u i t y  aetemiin-tion, thzn t o  an i n t e r n  f o r  h i s t o r y  taking,  and f i n a l l y  
t o  an ophthalmologist  f o r  examinztion. 
qucs t ion ing  regarding t h e  systmnic E f f e c t s  of r,%iiation (e.g., vomiting, d ia r rhea ,  
bloody s t o o l s ,  petechiae,  and e p i l a t i o n )  and an ophthalmic ques t ionnai re  (See 
Supplcmsnt A ) .  The ophthdmologica l  e x m i n a t i o n  cons is ted  of  rou t ine  ex te rna l ,  s l i t -  
lamp, and fundus s tudy w i t h  o the r  procedures where ind ica ted .  

The h i s t o r y  t ak ing  cons is ted  of d i r e c t e d  

1 Uncirr tht!  d i r e c t i o n  gf  L t .  Col .  $?r1 F. Tessmcr 
L' Under t h e  s u p t r v i s j  on of Id ' .  i2kha-d Brewir 
3 Sy ,?rrangcntnt w i t h  91.. !~i. IIcui 

" 
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The p a t i e n t s  were d iv ided  i n t o  t h e  following c l a s s i f i c a t i o n s .  

Group I Survey C,ases. ( a )  The 1000 p a t i e n t s  malting up t h i s  group were d r a w r ~  
a t  r a d o m  fro!ci a l i s t  in the census f i l e 3  of persons  w i t h m  2,M)O 
meters  of t h e  hypccenter and i n  the  "open" a t  t h e  time of t h e  a ton ic  
tomb explosion. 
but ion a s  a func t ion  a f  d i s t ance  from i h e  hypocenter a r e  Freseilted 

survey was made of all a v a i l a b l e  persons l i s t e d  i n  t h e  ADCC census 
f i l e s  a s  being w i t h i n  1000 meters  of t h e  hypocenter. T h i s  amo'lrlted 
t o  231 persons.  .The age and d i s t r i b u t i o n  a s  a funct ion o f  d i s t ance  
frosi t h e  hypocenter are presented i n  t h e  accompanying graphs (See 
ddendum) . 

Group 11 i4on Survey Cases. 

Tlie'age d i s t r i b u t i o n  of t h i s  group and t h e  d i s t r i -  

' i n  t h e  accompanying graphs (See jtddenduir.). (h) A supplementsrjr 

The p a t i e n t s  making up this  group were coptacted 
hy ineans o the r  than  t h e  random sampl-ing of t h e  survey group. 
were contacted tlirough l o c a l  ophthalmologists,  some through r e f e r r a l s  
fron c t h e r  ;tBCC c l i n i c s ,  sone o the r s  through newspaper pub l i c i ty ,  and 
sorile were c a l l e d  in. 
thought t o  have ophthalniologic l e s i o n s  a t t r i b u t a b l e  t o  t h e  a t m i c  bomb 

Some 

.Fro% t h i s  group were separa ted  those who,\:erc 

Dackp;round and previous n c r t i n e n t  l i t e r a t u r e  

The atomic bombs w r e  dronped over  Hiroshima on August 6, 1945 and over 
I ~ a g a s d k i  on August 9, 1945. Gn Aug,ust 28, 19/+5 a plan was submitted by Colonel 
iisiilejr ti. Ou~hterson, K, for the study of  atomic tomb ca 'sdal t ies .  The organiza- 
t i o n  wzs d i r c c t c d  by Urigadier General Guy B. !Jetlit. 
F r o j e c t  was a i s i g n l d  io t h e  deten, i inat ion of  t h e  r e s i d u a l  r a d i o a c t i v i t y  i n  t h e  
bombed c i t i e s .  Gonsidcrabls  a s s i s t a n c e  was ohtained frqm the  Japancse Goverlmeiit 
groups w!io had made t h e  prel iminary observat ions,  and a t  t h e  suggest ion o f  t h e  
Supreme Comiander t h e r e  ms appointed a "Jo in t  Commission f o r  t h e  Inves t iga t ion  
of  t h e  5 f f e c t s  of t ho  Atomic Bmb i n  Japan". The r e p o r t  of this commission, sum- 
marized i n  pnrt i n  t h e  a r t i c l e  of  Liebow, ;h- ren ,  and DcCoursey4, provides  t h e  most 
comprehensive survey of  t h e  t c r r a i n ,  t h e  phys ica l  c h a r a c t e r i s t i c s  o f  t h e  l a n d ,  and 
the  medical and h i c l o g i c a l  e f f e c t s  on t h c  populat ion,  including many i l l u s t r a t i o n s  
and eye-witness accounts .  

A mission from tho hlanhattan 

ii  resun6 of  t h e  J o i n t  Commission's r e p r t  i s  beyond the  scope of  this survey, 
but  it i s  iioteworthy t h a t  the  c a s u a l t i e s  were d iv ided  i n t o  mechanical b j u r i e s ,  
th:rmal i n  j u r i e s  and i n  j u r i e s  from ion iz ing  r ad ia t ions .  I k c h m i c a l  i n  j u r i e s  wcre 
those r e s u l t i n g  from f a l l i n g  t imbers  and f l y i n g  debr i s ;  i n j u r i e s  with g l a s s  parti- 
c l e s  from sha t t e red  window panes were c s p e e i a l l y  f rcquent .  
t a ined  a t  d i s t a n c e s  of a t  l e a s t  4,000 meters from t h e  hypocenter and were due t o  
t h e  b l a s t  of  t h e  bomb. 
case t h e  h c a t  was i n t e n s e  but lasied f o r  only a f r a c t i o n  of a second, o r  due t o  
flarne burns. The e f f e c t s  ai" rnd ian t  hea t  were ev ident  i.n the  fQrm of burns u p  t o  
4,000 meters  from t h e  hypocenter, bu t  r n r c l y  d i d  t h e y , r e s u l t  i n  second degree burns 
a t  a d i s t ance  g r e a t z r  than 3,000 meters.  
c h a r a c t e r i s t i c a l l y  a 'tcprofile" t y p e  (of burns with pro tec t ion  of s t . ruc tures  not i n  
a r e c t i l i n z a r  pro  j e c t i o n  from t h e  bomb. 
f i c i a l  c h i r r i n c  and l e s s  deep penet ra t ion  i n  comparison with flame burns. 

Such i n j u r i c s  were sus- 

Thermal i n j u r i e s  were due e i t h e r  t o  r a d i a n t  hea t ,  i n  which 

Being of sho r t  du ra t ion  they produced 

They a l s o  produced re1,3t ively more super- 
They 

- 4 Liebow, i h r r r ; n ,  lieCtmrsey: t o  he. published , 
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f u r t h e r  produced cu r ious  conf igura t ions  according t o  the  c lo th ing  which was being 
worn a t  t h e  time; t hus  burns o f t en  showed p i t t e r n s  where t h e  overlying c lo th ing  
had beun of varyj.nh; th ickness ,  2nd c lo th ing  t h a t  had had a l i g h t  and dark desi&n 
of ten  showed burns s e l e c t i v e l y  under t h e  dark por t ions ,  reproducing a design on 
the  s k i n  w i t h  rcmirkablo i ' ide l i ty .  
t i ncous  i g n i t i o n  o f  t h e  c lo th ing  by t h e  r a d i a n t  hea t  cr from t h e  gerleral confla-  
g r a t i o n  t h a t  followed the  bombing. Flost of t h e  e a r l y  deaths ,  t h a t  is ,  those  occur- 
r i n g  wi th in  the f i r s t  tcnd days, wcr2 due t o  mech;..nical o r  thermal i n j u r i e s .  

Ti;c flame burns r e s u l t e d  e i t h e r  from t h e  spon- 

The i n j u r i e s  from ion iz ing  radiaLions were t h e o r e t i c a l l y  a t t r i b u t a b l e  t o  any 
o r  a l l  of t h e  fol lowing forms of  c n e r a :  v i s i b l e  rays ,  u l t r a v i o l e t  rays ,  g a m a  rnys 
and neutrons,  and t h e  cn ly  s i g n i f i c a n t  source was d i r e c t  r a d i a t i o n  from t h e  bomb 
a t  tiie time of t h e  explosion.  It i s  thought t h a t  t i e r e  was i n s u f f i c i e n t  induced 
r a d i a t i o n  on the ground o r  depos i t ion  of f i s s i o n  products  t o  have had a harmful 
e f f e c t .  it i s  n o t  c l e a r  what e f f e c t  t h e  v i s i b l e  and u l t r a v i o l e t  r a d i a t i o n s  had on 
t h e  body a s  n whole but  re ference  w i l l  be rnnde t o  poss ib l e  ocular  e f f e c t s  subse- 
quent ly .  I Ios t  of t h e  r ad i , i t i on  e f i e c t s  were due t o  neutrons and ganm rays,  and 
what t h e  varying e f f e c t  PJXS of  each i s  probably of academic i n t e r e s t  only. 
though t h e  proport ion of neutron t o  gxma rnys  i s  known t o  decrease as z h i c t i o n  
of dist : ince from tl ie bomb, inform2tion on t h e  nbsolute  amounts of energg of cnch i s  
n c t  pub l i c ly  ava i l ab le .  

Al- 

It i s  commonly s t a t e d  t h a t  t h e  e lec t ro imgnet ic  r a d i a t i o n s  r e s u l t i n g  from t h e  
bomb had t h e  sime Eencral  d i s t r i b u t i o n  a s  t h a t  of t h e  sun. 

The peak e f f e c t s  of the r s d i a t i o n  becnrr.e evident,  a t  ten clays t o  two weeks a f t e r  
t h e  bombing and wcre manifest  by a p i k t i o n ,  purpur1 -nd drop i n  white blood count.  
A hos t  of othei. syrinptorr.s were also f r ecpen t  (d i a r rhea ,  anorexia .  fever ,  eke.)  prob- 
a b l y  a t t r i b u t a b l e  t o  r;idi.?tion but h?.rd t o  separrcte 1'rom t h e  r c s u l t s  of t h e  unsan- 
i t a r y  condi t ions  fol lowing t h e  tumbing. 

ThG e f f e c t  of  sh i e ld in& w,is, of  course,  of prime importance i n  determining t h e  
type  of l e s i o n  and no doubt w i s  responoible  i n  1,irge measure f o r  t h e  d i v e r s i t y  of 
l e s i o n s  which were prorhccd, 'i'liose W ~ I O  w r e  i n  tiie open n t  the  t i n o  c; tPc explo- 
sion wcre exposed t,o r a d i i n t  lieat and ion iz ing  rad i ' i t ion ;  t h o s e  who were pro tec ted  
by wooden bui ld ings  wcre not  expoFed t o  r ad ian t  hea t  but  were exposed to ioniz ing  
r i d i - t i o n s ;  vhila those  who wwe i n  concre te  bu i ld ings  were e f f e c t i v e l y  protocted 
from both. 

The ocular  cL-fects of t h e  atoriiic b r n b h g s  hnvc alre-idy been t h e  s u b j x t  of 
The f i r s t  r e p o r t  m s  appnrent ly  that t o  t h e  Sec t ion  of numerous publ icat ions5.  

Prevent ive i d i c i n e  of t h e  i i c s t  Kyushu i!i l i tal-y i ) i s t r i c t  by Xatsuoka 6 , ophthalinol- 
o g i s t  of  t h e  Japanese Army rescue squad scnt  to Hiroshima on P.ugust 9,  1945. 
492 p i t i , : n t s  w i th j~n  two k i lomztcrs  of t h e  hypoccnter,  453 had c o n j u n c t i v i t i s ,  3 had 
burns of t h e  eye lashes ,  and one had i n f i l t r a t i o n  of t h e  cornca. No l e s i o n  of the 
eye was found n t t r i b u t a b l c  t o  th,: d i r e c t  e f f e c t  of t h e  b l a s t .  
etcmic bomb e f f e c t s  on t h e  eyc followed by I&7 on per fo r s t ion  of t h e  eye w i t h g l a s s  

O f  

Case r e p o r t s  c f  

5 For  t h e  sourccs  o f  r,:ferencc i n  the Jnpxnese l i t e r a t u r e ,  we a r e  
indobied t o  Lir. Iku i  

6 th t suoka ,  i l .  : Unpublished 
7 Ilata, E.: .injuries t o  eyes  by atomic bomb; Nippon Rinsho Vol 3, 

i/ll-l2, l ' j l r5 .  
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and separat ion of the  r e t i n a  by contusion; by 32ioji8 on c a t a r a c t s  occur r ine  wi th in  
a few weeks a f t e r  t he  explosion an? presumably due t o  t h e  d i r e c t  efi’ect of the 
b l a s t ;  by Ikui9”,qb on ectropj~on of t h e  l i d  from burns of t he  face  and on concus- 
s ion c a t a r a c t ;  and by C~,y?mia and Sasaki lo  on burn of t h e  cornea and r e t i n a .  
r e p o r t  on t h e  acut.e e f f e c t s  of t h e  Hiroshima eye c a s u a l t i e s  was also given by 

A b r i e f  

Yoshimotoll and Shoj i  P -. 
‘The f i r s t  ocular  stiu,.ly qf  any considerable  s e r i e s  was mide by Tamura, Iku i ,  

IJakano, l i iwatashi and Os!iiol2, on p a t i e n t s  f r o m  the Nagasaki a r ca  who were within 
tw kilometers  of t he  hypocenter a t  t h e  time of t h e  e,uplosion. lhc acute  e f f e c t s  
noted were: 1) thermal burns of the e y e l i d s  which were remarkable i n  leaving a min-, 
imm of scarring,; 2 )  kerat .oconjunct , ivi t is  l a s t i n g  only a few days and presumed t o  
be duo to ultravio1.e t ra. t i ist ion; 3 )  i r i d c d i a l y s i s ,  l uxa t ion  of t h e  l ens ,  hemorrhages 
i n  t h c  r e t i n a  and v i t r eous ,  and separa t ion  of t h e  r e t i n a ,  all r e s u l t i n g  from the  
d i r e c t  e f i e c t  of t he  b l a s t ;  and I + )  i n j u r i e s  bsr fore ign  bodies  of which s p l i n t e r s  
predminated .  
w i t h  r a d i a t i o n  s ickness  anci coiisisted 0 ;  hemoi’rha&es i n  t h e  l i d s ,  conjunctiva,  and 
r e t i n a  and x c a s i o n a l l y  i n f i l t r a t i o n  and necros is  of t h e  cornea. T h e  re t inopathy,  
c o n s i s t i n g  of exudates a s  we l l  as hemorrhages, was ? s p e c i a l l y  notewortliy as it was 
found i n  22 of’ l l j  p a t i e n t s  on wiom ophthalmoscopic examination w a s  dane. 

IXiec ts  crming on 10-14 days a f t e r  thc  bombing were noted . i n  p a t i e n t s  

These same authors  made a p i tho-h is to logic  study13 of l+d eyeba l l s  removed from 

Colonies of bac te r i a  were fre- 
29 persons who had dicd 20 t o  40 days after t h e  atomic bombing of Ncgasaki. 
d ied  of bactercmia complicating r a d i a t i o n  s ickness .  
quent ly  found in the r e t i n a l  ves se l s  and occasional ly  f r e e  in, the r e t i n a .  
tinal heitcrrhages wire no t  remarkable and it, was noteworthy t h a t  t h e r e  was no 
evideticc of disense i n  t h e  r e t i n a l  vesse ls .  
c l i n i c a l l y  had t h e i r  h i s t o l o g i c  ccuntorpar t  i n  cy to id  bodies (assoc ia ted  w i t h  hemor- 
rhages) ,  c o l l a c t i o n s  of‘ white  blood c e l l s ,  co lonics  of bac te r i a  m d  albuminous 
ma te r i a l .  
i n  the pos t c r io r  seguent but 31.~0 adjacent  t o  the  ora se r r a tn .  
quent ly  i n f i l t r a t c d  w i t 1 1  monocytes, pla smn c e l l s ,  and lymphocytes and cohtained 
b a c t e r i a l  co lonies  i n  th.; v?sso ls  
times as soc ia t ed  w i t h  cellul .-r  r eac t ion  and scmetimcs without c e l l u l n r  reac t ion .  
Necrosis  of t h c  cqrnca and ad jacent  conjunct iva was present  i n  one case.  
i n  t h e  equn to r in l  re&ion of the lens  wore found i n  six cases ,  and the  nuc le i  of t he  
equs t c , r i a l  c e l l s  which l a y  beneath the capsule  were degenerstcd i n  two cnses  with 
evidence of swel l ing and d i s i n t c z r a t i o n  of a t h i n  layer beneath t h e  a n t e r i o r  and 
p o s t e r i o r  capsules .  

Kost 

The re- 

The white spo t s  which had been seen 

Sep i r a t ion  of  t h c  r e t i n a  of s l i g h t  degree wit3 occas iona l ly  found, ma in ly  
The choroid was f r e -  

f r e e  i n  the  t i s s u e .  The colonics  were some- 

Vacuoles 

8 Sho j i ,  Y , :  I n j u r i e s  of eyes h~ a i r  a t t a c k s .  Ganka Rinsho Iho, Vol 40, 

9a A cnsc of ectropion of l i d  a f t e r  burns of the f ace  by atomic 
bomb. Ganka iiinoho Iho, Vol l+O, H2, p 21, 1946. 

9 L  Ikui ,  11.: li czse of contusion c a t a r a c t  by b k i s t  of atomic bomb. Ib id .  , 
10 Oyarna, A. ,and Uas:iki, T.:  A case o r  burn o f  t h e  cornea and r e t i n a  byatom- 

i:: bomb. Ganlcs 1:insho Iho ,  Vol 40, p 177, 19.46 
11 Yosllimoto, I(. : Ccular i n j u r i e s  from a i r  a t t a c k s ;  a b s t r a c t  i n  Ganka Iiinsho 

12 Tmura, S. ,  Ikr i i ,  l i . ,  Sckano, K . ,  Hiwatashi, I]., and Oshio, 2.: Oculor 

21, p 1, 1946 
Ikui, H . :  

Iho, Vol 41, p 15 ,  1747 
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p 70, iih, p 99, 1946. 
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,dhi le  t h e  foregoin& s t u d j  has  not  been publ ished,  six of the specimens from 

An analogous patho- 
A 

t h i s  study were subscquently repor ted  by S c U a e g e l l 4  with t h e  a d d i t i o n a l  observat ion 
t h a t  t h e r e  w a s  s l i g h t  thickening of t h e  pos t e r io r  capsules ,  
h i s t o l o g i c  stlidy was made by ILiural5 h u t  t h i s  r e p o r t  was not  a v a i l a b l e  t o  u s .  
f u r t h e r  patho-his tologic  study has  been made by Helerior 
y e t  f o r  publ ica t ion .  

. 
hut not  re leased  as 

The o n l y  in s t ance  of t a r n  of tLe r e t i n a  to have been repor ted  i s  that of Oyama 
and Sasaki  '?. Their  p a t i e n t  w a s  searchin& the  sky a t  t h e  time o f  t h e  f l a sh ,  looking 
f o r  t h e  a i rp l ane .  
ed severe  paiii i n  t h e  eyes,  photophobia, and swel l ing of l i d s .  She was hosp i t a l i zed  
fo r  one inonth but  was n o t  seen by an o p h t h a h o l o g i s t  a t  t h a t  t ime. The a c u t e  symp 
toms had subsided a t  t h e  end of t h e  month, and on examination she was found t o  hive 
symmetrical. opac i f i ca t ion  of t h e  lower h a l f  of  both corneas and a c e n t r a l  scotoma of 
both eyes,  most dense i n  a r i n g  shape corresponding t o  t h e  six t o  e i g h t  degree i s o p  
t e r s .  The f u n d i  a t  f i r s t  showed a grayish  white  zone, one t h i r d  t h e  s i z e  of the 
d i s c ,  on t h e  temporal s ide  01 each macula and o b l i t e r a t i o n  of  t h e  normal p w m c u l a r  
r i n g  r e i l e x .  The fund i  subsequently c1sart.d u p  hut  the  scotomata were pcrnanent. 

d i seasc ,  and Hirosc19 found ret5.na.l hemorrhages i n  67 of 164 p a t i e n t s  with presumed 
r a d i a t i o n  s ickness .  
ocular  i n j u r y  caused by the  ;'.tonic bomb and suggested t h a t  i t s  pathogenesis  w2.s s h i -  
l a r  t o  the  ke lo id  formation elsewhcre i n  the p a t i z n t ' s  body. 
c i a t c d  with rzidiation s i ckness  has  been descr ibed  a l so  by Fl ick21 with t h e  a d d i t i o n a l  
observ2.tion t h a t  the changes were r eve r s ib l e .  

Up t o  the  tjme of t h -  prescnt  wr i t i ng  no delayed c a t a r a c t s  :lava been repor ted  
i n  t h e  l i t e r a t u r e ,  bu t  one of t h e  p a t i e n t s  descr ibed  j.n the  pres3nt  manilscript i s  
being c u r r e n t l y  r epor t cd  n t  t h e  Kyushu Ophthalmologiccl Soc ie ty  meeting (September 
23, 19b9) by l i i rose i2 ,  a:ld two addi t ion11 cases of raLiaLion c a t a r a c t  i n  t h e  present  
r e p o r t  have been recognized by and c a l l e d  t o  our  a t t e n t i o n  by Ikui .  

She had no k n e d i a t e  v i s u a l  symptoms but 30 minutes l a t e r  develop- 

Uenkwithlg descr ibed i n  d e t a i l  an in s t ance  of r e t i n a l  hemorrhage wit .h  r a d i a t i o n  

Tanalta rcpor ted  a staphyloma of the cornea r e s u l t i n g  from an 

The re t inopa thy  asso- 

h. Jour.  Cph. 

i 4  Scil laegci,  T . f ,  : Ocular l i is topi iholo&y of some 5agnsaki A-Lomic Bomb 
Ca.suali ics.  Am, Jour. Opii. 30, 127-135, 1947 

1 5  

16 

17 
18 

19 

20 

21 

22 

I;inra, f I .  : P3tho-histologic examination of ey?s of  atomic bomb 

Ciilder, ti. : Apponriix to  P.ithnlogy Sec t ion ,  J o i n t  Comiss iun  Report- 

Bjama, A., and Sas, iki ,  T. : 1. c.  
Benkwith, K.12.: R e t i n a l  hericrrhages as s e m  i n  atomic boiiib cZLsudty.  

Kirose,  L.:  ChanLbs i n  ocu la r  fundus wi th  atomic bomb d iscase .  

Taiiaka, Y. : Stapi~;~lorr,a cornene, e s p e c i a l l y  ke lo id - l ike  thickening of the 

F l i ck ,  J . J . :  

Hirose,  it. : 

d i s e a s e ;  Act. SOC. Uph. Jzp. Vol 51, #5-6 ,  1946 

unpubl i shed  

h. Jour .  Oph. 29, 799, 1946 

Abst rac t  i n  b n k a  Rinsho Iho ,  :#42, p 76, 194E 

ccrnea hy t h e  atom bomb. 

IJcG-rsiki ,  Am. Jour ,  Opli. #31, 137, 1948 

Abstract  t o  l-c publis!ied i n  Ganka Hinsho Iho Vol  44 (1950) 

Ni iga ta  Igakkai Zasshi  Vol 61, ii6, 1947 
O c u l a r  l e s i o n s  following t h e  atomic bombing of  H i rosh im and 

A case of c a t - r r t c t  probably caused by t h e  a.?tomic bonb. 
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i i esu l t s  

Group 1 ( a )  survey or 1000 pit i .ents d ~ t h i n  :OU0 meters of Iiypocenter. 

A.  Subjec t ive  v i s u a l  phenonen;! 

P r a c t i c a l l y  everyone was aware o f  2" b r i g h t  f l a s h  of l i g h t ,  
likencrd by many t o  a m , 2 p e s i m  photoflnsh, follcwed, according t o  
m u s t  observers ,  '03' :: pel'icd of darkness l a s t i n g  sever31 minutes; 
The dc-rkness was i e sc r ibcd  var ious ly  as "black cloud", ' b o k $  vision",  
or "yellcw l i g h t " .  
atrare of t h e  subseqiient darkness. 
l i eved  t h e i r  vis ion was normal a t  the  time ,and none gave n descr ip-  
t i o n  of seeing v i s u a l  p i t t e r n s  such a s  might be expected with 
aiter-images.  It seerxs l i k e l y ,  t he re fo re ,  t h a t  t h e  darkness des- 
c r ibed  a f t e r  t h e  explosion was due t o  atmospheric condi t ions  r a t h e r  
tiiaii t:, a d i s t u r b x c e  i n  t he  ><sua1 ap in ra tus .  

i, few d id  not  r e c a l l  seeing t h e  flash but were 
Despite t h e  d j rkness ,  most be- 

IQny p a t i e n t s  s tn t ed  thlt they were b l ind  f o r  some time a f t e r  
t he  explosion,  bit i n  most ins tances ,  t h i s  was due to swell ing of 
t h e  l i d s  from burns v i t h  consequent c losure  of  t h e  eyes or due t o  
k e r a t i t i s  and no t  t o  any ncuro re t ino l  l e s i o n .  However, one p a t i e n t  
became temporar i ly  bl ind i n  a s soc ia t ion  with headache, followed by 
lo s s  of consciousness t en  dags n i t e r  t i e  atomic bomb. The f ind ings  
i n  t h i s  p a t i e n t  I r e  noiq e n t i r e l y  normal, 
oped grcidu:d l o s s  0," vis ion ,  beginning one month a f t e r  t h e  atomic 
bomb and progressing t o  tile present ,  showed advanced o p t i c  atrophy. 
The l e s i o n  i s  p r e m e d  t o  be i n t r x r a n i n l  arid n o t  r e l - t ed  t o  the  
atomic bomb. 
days a f t e r  t h e  ntomic bomb i n  a s soc ia t ion  with amnesia and confusion. 
Three p - t i e n t s  i n  ctiom t h e  p rc scn t  emminat ion of t he  eyes revealed 
no abnormoli.ty p v e  n i i i s tory  of p l r t i a l  loss of v is ion  i n  both eyes 
occurring abou tme  month a f t e r  t h e  atomic bomb and l a s t i n g  two t o  
four  weeks. 
t h r e e  and i n  only one was t h e r e  severe  e p i l a t i o n  and turns .  

Another p a t i e n t  who davel- 

On.? o ther  p1t ie ; i t  developed d i f f i c u l t y  i n  v i s ion  th ree  
I 

There wzs no mariced r a d i a t i o n  s ickness  i n  any of t hese  

No pa t ie r i t s  i n  t he  survey grcup developed permanent c e n t r a l  
scotomata altiiough scvc ra l  were a l l e g e d l y  looking i n  t h e  d i r e c t i o n  
of t h e  b n b  a t  t h e  time o f  the explosion. 

B. K e r a t o c m j u n c t i v i t i s  

The number of p t i e n t s  &o gave a h i s t o r y  of b i l a t e r a l  kerato-  
c o n j u n c t i v i t i s  within a few dnys o r  a few weeks a f t e r  t h e  atomic 
bomb, m d  n o t  obviously diic to trauma or burns,  was 56. 
42 gnve a h i s t o r y  of k e r l t i t i s  (e.g. photophobia, foreign.body sen- 
s a t i o n ,  lacr imat ion ,  or rcchess)  ooining on w i t h i n  t h e  first dqy ,and 
l n s t i n g  f o r  s e v e r a l  horn-s or s e v e r a l  days. 
p a t i e n t s  from the  hypocenter was 1200 t o  2000 meters ,  h n o n e  were 
t h e r e  pcrm<ment sequelae.  
symptoms f o r  iis long a s  a mont11, t he  cause o f  t h i s  e a r l y  and tcm- 
pornry  k e r a t i t i s  was prcsurably t h e  u l t r a v i o l e t  r ad ia t ion ,  f p r  a 
similar Jiistorj. of k e r a t i t i s  i s  knokrn to r e s u l t  from exposurc t o  

O f  . t hese ,  

The d i s t ances  qf  t hese  

Discounting a fcw who believed they had 
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o t h e r  sourcds of u l t r a v i o l e t  r a d i a t i o n ,  
t h c  observztion of some of t h e  Japanese ophthalmologists who 
t r e a t e d  such persons within t h e  f irst  few days af ter  t h e  bmbing. 
I!my more presumably had k e r a t o c o n j u n c t i v i t i s  due t o  u l t r a v i o l e t  
r a d i a t i o n  i n  whom t h e  ocu la r  symptoms were masked by the thermal 
i n j u r i e s  , 

This is i n  keeping with 

A h i s t o r y  of delayed k e r a t i t i s  was obtained i n  fourteen,  
SjTnptoms coming on within t h e  f i rs t  week i n  e i g h t  pat icnts ,  with- 
i n  the  f i r s t  month i n  four ,  and a f t e r  s e v e r a l  months in  two. The 
sjmptoms l a s t e d  from s e v e r a l  days t o  s e v e r a l  months, The d i s t a n c e s  
of t h e  t h r e e  p a t i e n t s  Trom t h e  hypocenter were between 1100 and 2000 
meters.  In  none were t h e r e  permanent sequelae. How much these  
cases  r ep resen t  n delayed k e r a t i t i s  due t o  r a d i a t i o n  and how much t o  
o t h e r  czuses cnnnot be s t 3 t e d  with any convict ion,  

While 56 p a t i c n t s  t hus  gc?.vc a h i s t o r y  of  some s o r t  of k e r a t i t i s  
following t h e  atomic bomb as f a r  o u t  as the pe r iphe ry  of t he  zone 
s tudied,  it i s  s u r p r i s i n g  t h a t  t h e r e  were no t  s u f f i c i e n t l y  severe 
exposures t o  produce peimanent co rnea l  o p a c i t i e s  i n  view of t h e  
severe burns of  t h e  f a c e  t h a t  so many received. 
one q u a r t e r  of those i n  t h e  s e r i e s  gave a h i s t o r y  of burn of t h e  f x e  
with l o s s  of sk in  and o f t en  burn of eyebrows and eyelashes and y e t  
had normal corneas  a t  the  present  e;cmination, None had permnent  
c o r n m l  o p a c i t i e s  a t t r i b u t z b l e  t o  u l t r a v i o l e t  or i n f r a r e d  r a d i a t i o n .  
The reason f o r  t h i s  s p r i n g  o f  t h e  eyes i s  n o t  apparent .  
r e f l e x  would c e r t a i n l y  n o t  have been r a p i d  enough. 
have b w n  t h e  n a t u r a l l y  narrow pa lpebra l  fissure i n  t h e  J a p n e s e  wi th  
t h e  p r o t e c t i v e  overhanging of t h e  upper l i d .  
t h a t  some measure of p ro tec t ion  Zgninst  tEne long i n f r a r e d  mys.rn2y 
have been s f f o r d e d  t o  t h e  eye, i n  comparison with t h e  skin,  by t h e  
f l u i d  film t h a t  covers  th'3 eye. 

Thus, appror5mately 

Tha b l ink  
One f n c t o r  may 

I t  i s  also conceivzble 

It i s  a l s o  noteworthy t l n t  n o . c a s e  w",s found showing evidence 
of x e r o s i s  of  t h e  cornea o r  conjunct ivz such as  i s  occas iona l ly  
found following scvere X-ray o r  gamma ray exposure. 

C .  Lens changes 

kbnorfiialitios of t he  l e n s e s  were noted i n  81 persons, i n  none 
o f  whom were thq f i n d i n g s  considered to be due t o  r ad ia t ion .  I n  
f o u r  addi t i o n s l  persons t h c r e  were abnorma l i t i e s  of t h e  p o s t e r i o r  
capsule  o r  ad jacen t  c o r t e x  which, while thought n o t  t o  be due t o  
rTdint ion,  were considered t o  show niorphologic changes th;..t sug- 
gested t h e  r a d i a t i o n  type,  
meter survGy series was ,w unquestionable case 03 r a d i a t i o n  cata-  
rac t  found. 

In none of t h e  persons i n  t h e  2000 

O f  t h e  81 persons with - l e n t i c u l a r  abnorrczli t ies,  38 had s e n i l e  
c!Ztarncts of the predominately c o r t i c a l  type, and 12 of t h e  pre- 
dominately nuc lez r  type; 18 h2-d i s o l a t e d  o p c i t i e s  i n  t h e  embryonic 
nucleus o r  o u t l i n i n g  the  Y su tu res ;  8 had coron<ary c a t a r a c t s ;  5 had 
one o r  more b l c i s h ,  l ace - l ike  opt lc i t ies  s i t u a t e d  on, o r  i n  t h e  
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embryonic nuc leus ;  3 had l ? h e l l a r  c a t a r a c t s ;  one had a u n i l a t e r a l  
posterior polar  c a t a r a c t  i n  a s soc ia t ion  .wLith high myopia; one had 
a u n i l a t e r a l  c u l l a r  L)iitton c a t a r a c t  i n  a s s o c i a t i o n  with an o ld  l e s i o n  
oi' t h e  wJrnt.a; uric h;id cnnt:enital  c a t a r a c t s  w i t h  microphthalmia; and 
one h a d  a con$er i l td  white  mei:ibrane o n  t h e  a n t e r i o r  capsule.  

The f 'n l lowini ;  i s  a d e s c r i p t i o n  o f  t h e  f ind ings  i n  tlie four  

The f i r s t  pa t ien t23  was 
pitierit s who were considered to  have morphologic changes some- 
what sugGestive of  t h e  r a d j a t i o n  type. 
a 1'7 year  d d  bny who had been 1550 meters  from t h e  hypocenter 
a t  t1:c time of  t h e  exFlnsion. 
d i a r rhea  f'or two weeks after the  explosion and l o s t  almost all 
of his sca lp  h a i r  a f t e r  3 l a t e n t  period of one month. 
wns n,D. 2U/20-2; 0.5. 20/3O+2. 
subcapsu1.w vncuule i n  tlie a n t e r i o r  c o r t e x  w i t h  a normal pos t e r io r  
c o r t e x  :ind capzule.  The capslule of t hz  l e f t  eye showed two t i n y  
vacuoles  in tiic p o s t e r i o r  subcapsular ( o r  capsular )  reg ion  asso- 
c i & t c d  w i t h  t i i iy  o p i c i t i e s  m d  increased  r e f l e c t i v i t y .  
abnormal, the  ChlnGcs were tliouEht too  s l i g h t  t o  be d iagnos t i c  of 
r a d i a t i o n  ca ta rac t , .  

The second p.?t ient24 was a 17 year  old boy who had been 1720 

He had had some vomiting 3nd 

The v i s ion  
His r i g h t  1ens.showed a s o l i t a r y  

While 

meters  from t h e  hypocenter a t  t h e  time of  t h e  explosion.  
had burns of  his f ace  but  no symptoms of r a d i a t i o n  s ickness  and no 
e p i l a t i o n .  The r i g h t  l e n s  was e n t i r e l y  
nom-1 but  t h e  l e f t  l e n s  showed a granular  o p x i t y  over a 3 nm zcne 
in t h e  axial reg ion  of  t h e  pos t e r io r  capsule .  
bu t  contained some s c i n t i l l a t i n g  high l i g h t s  and a few polychromatic 
c r y s t a l s .  There were no vmuoles .  The abnormsl i ty  w a s  considered 
an anatomic v a r i a n t .  

He had 

 is vis ion  was 0 .U .  20/15. 

It was t r ans lucen t  

The t i ~ i r d  pa t i en t25  ms 1 3u year  old mnn who had had no r a d i -  
a t i o n  s ickness  and no e p i k t i o n  b u t  i n  whom t h e r e  was a f a i n t  a rcua te  
opnci ty  of t h e  pos t e r io r  c?psule  of one eye over  a 3 mm zone eccen t r i c  
t o  the  a x i s  and extending over a 2 t o  3 mm area. 
sidered 'in anxtomic va r i an t .  

This w3s a l s o  con- 

The fou r th  p i t i t i n t Z 6  was a 31 yea r  o l d  woman who had been 950 
meters  fror!i t h c  iiypocentar a t  t h e  time of tho explosion and subse- 
quent ly  developed severe  g a s t r o i n t e s t i n a l  d i s turbances  pad e p i l a t i o n .  
The r i g h t  l e n s  showed s m e r a l  subcapsular vacuoles i n  t h e  a n t e r i o r  
and p o s t e r i o r  c o r t e x  of the r i g h t  eye and s e v e r a l  ma11 punctate  
d o t s  i n  t h e  pos t e r io r  subcapsular reg ion  of t h e  l e f t  eye. While 
t h e  presence of thcse  vacuolzs m d  o p c i t i e s  a r e  n o t  accounted fo r ,  
t h e  absence o i  ,my opncific.ation of the pos t e r io r  capsu le s  makes it 
s ~ e m  un l ike ly  t h a t  they were due t o  r ad ia t ion .  
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The c h a r a c t e r i s t i c  changes t h a t  make up r a d i a t i o n  c a t a r a c t s  
will be d iscussed  subsecjueritly. The f a c t  t h n t  none occurred i n  
th i s  s e r i e s  su[:gests t h a t  t h e  frequency a t  p resent  i s  l e s s  than 
one i n  a thousand, It i s  e n t i r e l y  possible  however, t h a t  soP.8 of 
this same Group will develop c a t a r a c t s  i n  t h e  fu tu re ,  a s  it i s  well 
known t h a t  tile l a t e n t  per iod  for r a d i a t i o n  c n t a r a c t s  may be a 
decade o r  longer .  

The absence of ex fo l i a t ion  of t h e  l e n s  capsule  may a l s o  be 
noteworthy i n  view of  tiie l a r g e  amount of i n f r a r e d  r a d i a t i o n s  t o  
which the eyes of some o f  t h s  p a t i e n t s  must have been exposed. 

D. Neurore t lna l  l e s i o n s  

Lo l e s i o n s  were found i n  thG fundus which were thought t o  
have been d i r e c t l y  r e l a t e d  t o  t h e  atomic bomb. 
75 yza r s  and 60 years r e spec t ive ly ,  had degeneration of t h e i r  
c e n t r a l  r e t i n a  but n e i t h e r  person had been looicing a t  the  sky a t  
t h e  time of t h e ~ p l . o s i o n  and only one of them had symptoms of 
r a d i a t i o n  s ickness  and ep i l a t ion .  They were thou&t t o  Lave sen i le  
macular degeneration. 
had scmc mottlinG of the c e n t r a l  po r t ions  cf t he  fundus. 
p a t i e n t  gave a h i s t o r y  of i n t e r m i t t e n t  amblyopia beginning before 
t h e  at.omic bml. explosion,  but t h e  ob jec t ive  f i n d i r y s  were normal. 

Two persons, of 

A t h i r d  p a t i e n t  with normal visual a c u i t y  
One 

C:ne p a t i e n t  had a u n i l a t e r a l  hole  of  t he  macula i n  a s soc ia t ion  
w i t h  his13 nynpia, and th rec  p a t i u n t s  had evidence of an old  chorio- 
retinitis. 
chan;e-, i n  thu  r s t i i i a l  vessvls  and i n  a l l  of  these  t h e  chcngeswere 
mild; none hail R vascul.?r re t inopathy.  
atrophy due i n  one c,::sc t o  methyl s lcoi iol  poisoningL7 and of unde- 
termined cause j, t!ia o ther  but  presumably assoc ia ted  w i t h  an i n t r a -  
c r a n i a l  l e s i o n ,  
abe r ran t  rzgener i t ion  oi' t hc  t h i r d  nerve following 2. per fo ra t ing  
i n j u r y  of t h e  chsek. 
nystatmus i'ollcwing ccrsbrc-1 concussion. Thcse las t  two cases  were 
t h e  o~ly ones a t t r i b u t a b l e  t o  t h e  atomic bomb. 

Only e igh t  pa.ticnts had hypertensive and a r t e r i o s c l e r o t i c  

Two had a b i l a t e r s l  op t i c  

Une p z t i m t  had a u n i l n t e r a l  o p t i c  a t rophy clnd 

One p i t i e n t  had a v e r t i c a l  <and ho r i zon ta l  

hi. ILiscelLmeous ocular  f ind ings  

Ilhilc of ciaubtful s ign i f icance  i n  re ference  t o  tho  atomic bomb, 
t h e  iollowing cbnormzli t ies  were noted i n  the  survey p t i e n t s  and 
Arc iiiclu?od h e m  niei.f:ly f a r  t he  sake o f  complcteness. 

'Tr ich ias i s  unssscc ia ted  w i t h  e t ropion:  14 c,?ses. 

Thirteen of thesc p a t i e n t s  were chi ldren  and t h e  
t r i c h i a s i s  was 2ssoci::ted w i t h  considerable  epiblcpharon i n  a l l  

-I- 

2'; T h i s  p a t i e n t  s t a t e d  t h n t  when tho  atomic bomb s t ruck  !:iro$hima 
he iclt thc  cnd CC t he  wcrld MS a t  hand and consequently de- 
cj.det! t c  i i ~ k e  h i s  exodus i n  a s  ?leasant  a frcame of m i d  a s  
possible .  Hence he took 3 l x g e  a n n u n t  of a lcohol .  
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cases .  The l a s h e s  of the  inner  a spec t s  of the  1 o w e r : l i d s  were 
usually t h e  cines r e s p x ~ s i b l e  and ttieref'ore mused contac t  with 
the  crxmei~ wtien the eye was ;i&hict.ed. unly i n  two of the  p a t i e n t s  
W:IS t.tiere a l so  t r i c h i a s i s  of' t h e  l c ~ s h e s  of upper l i d s .  In  t h r e e  
p a t i c n t s  t1iei.e was cons iderable  k e r a t i t i s  e p i t 1 1 e l i a l . i ~  and some 
pannus f~rn . ; i t ion  i n  t h e  lower inner  angle  of t h e  cornea h u t  it 
was noteworthy t h a t  t h e  t r i c h i a s i s  had caused su rp r i s ing ly  l i t t l e  
sub jec t ive  d i s turbnnc e .  

i'tmis ( u n i l a t e m 1 )  1 case 

d a c r y o c y s t i t i s  2 cases  

irachoma (quiescent  and a c t i v e )  13 cases .  ,-> /is t h e  p l l p e h r a l  
conjuncLivn I.RS r lo t  rxamined i n  all p ' t i e n t s  it i s  probable 
tlint, inany iiore hiid trachoim than he re  inrlicated: 

Pterygium 12 cases 

Inflamed pinguesculwn 3 cases  

l i e r a t i t i s  ( i n n c t i v e J ;  type unspecif ied,  16 cases  

Herpe t ic ,  1 case 
Phlyctenular ,  1 case 
Traumatic, 3 cases  
I n t e s t i t i a l ,  4 cases  
E p i t l i e l i a l i s ,  2 cases  
Ophthalmia Neonatom;,  1 csse  

I : iscel laneous corneal  abnormal i t ies  

Cjne case  each of white r i n g  uf cornea, s e n i l e  marginal  
th inning ,  rcicrocornea, and c rocod i l e  shaGreen t o  p o s t e r i o r  
su r f ace  of cornea. 

4.rgyll Robertson p u p i l s  1 case 

i i l b in i sn  1 case 

Fcrs i s te r i t  hyaloid remnant 1 case  

Astero id  h y a l i t i s  2 cas5s 

r h t h i s i s  t J u l b i  1 case 

Iiyopia 
f o r  the  e n t i r e  siirvey group but  i n  a sample of  155 cases  u n i l a t e r a l  
myopia was iound once, h i l a t e m l  myopia of 1.00 t o  3.00 d i o p t e r s  was 
found i r i  7 (4.5.,:) and of 3-14 d i o p t e r s  j n  4 (2.5: : ) .  
cidence of  riyopia Greator  tliari one d i o p t e r  was found f o r  tliis m a l l  
groul? t o  be of tile o rde r  of 7,;. 

110 record of  t h c  presence or absence of rr(yopia was kept  

Thus t h e  in- 



-ll- 

P. Non-ocular f i n d a s  

Observation was made on p a t i e n t s  o f  the  survey s e r i e s  a s  t o  
burns of t he  face ,  e p i l a t i o n ,  and r a d i a t i o n  s ickness .  Some burn 
of the face occurred i n  394 pa t i en t s ,  w i t h  l o s s  of t he  skin of 
f ace  i n  256. 
undetermined, number of these p a t i e n t s ;  
of t h e  l i d s  and of t h e  f ace  was su rp r i s ing ly  s l i g h t .  
t h e  l i d s  was found i n  four  cases  only. 
were of t he  f lash type  and presumably had had considerable  charr ing 
without deep penet ra t ion .  

Uuins of t he  l i d s  occurred i n  considerable ,  although 
Y e t  t h e  r e s i d u a l  s ca r r ing  

Sctropion of 
P r a c t i c a l l y  a l l  of t h e  burns 

Epi la t ion ,  f o r  our purposes, means l o s s  of head h a i r ,  eyebrows 
o r  
from h e a t  o r  a delayed occurrence (usua l ly  10 t o  18 days) r e s u l t i n g  
from the  ion iz ing  r ad ia t ions .  It may, of course,  be both immediate 
and delayed owing t o  t h e  con jo in t  e f f e c t  of t h e m 1  and ion iz ing  
r a d i a t i o n s  but  i n  t h i s  case,  t h e  delayed e f f e c t  would be obscured 
by t h e  immediate burns. Irunediate burns of t h e  head with l o s s  of 
s c a l p  h a i r ,  eyebrows, o r  eyelashes were noted i n  approximately 200 
cases .  In  many, only the eyebrows and eyelashes were burned. Ue- 
layed e p i l a t i o n  of the  s c a l p  h a i r  was recorded as p r t i a l  in 160 
cases  and p r a c t i c a l l y  complete i n  65 cases  ( see  graphs i n  Addendum). 
Delayed e p i l a t i o n  of t he  eyebrows occurred i n  22 cases  and of t h e  
c i l i a  i n  16  cases .  "he dura t ion  of t h e  e p i l a t i o n  i n  t h e  cases  i n  
which i t  w a s  complete var ied between several  weeks t o  s i x  months. 
No c o r r e l a t i o n  vias found between the  dura t ion  of t h e  e p i l a t i o n  and 
the  d is tance  of t h e  p a t i e n t  from the  hypocenter. 

eyelashcs an? may have been an k i d i a t e  occurrence r e s u l t i n g  

While t h e  e n t i t y  of r a d i a t i o n  s ickness  i s  w e l l  def ined,  it i s  
not  easy t o  separa te  soine of i t s  mani fes ta t ions  from i n f e c t i o n s  no t  
necessa r i ly  a s soc ia t ed  with r ad ia t ion .  
vomiting, d ia r rhea ,  fever ,  and even pe techiae  which, a long with re- 
duct ion i n  the  white blood c e l l  count, make up t h e  e n t i t y  of r a d i a t i o n  
s ickness  may r e s i l t  from such unsani ta ry  cond i t ions  as preva i led  f o l -  
lowing t h e  atomic bombing and a r e  no t  necessa r i ly  due t o  t h e  r ad ia t ion .  
Mithout, t he re fo re ,  knowledge of the  white blood c e l l  count during the  
c r i t i c a l  few weeks followinp, t h e  bombing, i t  seems f u t i l e  t o  attempt 
any eva lua t ion  a t  t h i s  l a t e  d a t e  of t h e  presence or s e v e r i t y  of t h e  
r a d i a t i o n  s ickness .  
t h e  surveyed persons gave a h i s t o r y  of fever  and g a s t r o i n t e s t i n a l  dis-  
turbances and approximately one-tenth gave a h i s t o r y  of pe techiae  a t  
some time during t h e  f i r s t  few weeks following the  bombing. 

Thus anorexia ,  malaise, nausea, 

Suff ice  it t o  say  t h a t  approxLv.ately one-half of 
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Group I ( b )  Surve;. of 231 p t i e n t s  w i t h i n  1000 meters  of t h e  hypoceiiter, 
conpris i i ic  -the t o t a l  a v a i l a l d e  number o f  pcrsons l i s t e d  a t  
present, i n  t.l:e ;.BCi; census f i l e s  as having been i n  this a r e a  
a t  the  time of t h e  explosion. 

A. Subjec t ive  v i s u a l  phenomena 

U f  tlie p a t j e n t s  i n  w h o m  t h c  ob jec t ive  f ind ings  were normal, 
25 s t a t e d  t h a t  thr:y had i m p i r k d  v i s ion  a t ,  o r  within a few weeks 
following, t h e  t ime of t h e  explosion, b u t  i n  only two cases  was t h i s  
thought t o  be s i g n i f i c a n t  i n  r e spec t  t o  t h e  atomic bomb. "he com- 
p l a i n t s  of t h e  o t h e r s  were tticmght b be & e  t o  presbyopia,  myopia, 
s e n i l e  c a t a r a c t s ,  ci' sen i l e  iiiaciilar depenerat ion,  having no causa l  
connec t im w i t h  the  atomic bomb. 
t o  have h id  v i s u x l  complaints a t t r i h u t a b l e  t o  t h e  atomic bomb, one 
had had poor v i s i o n  w i t h  "black clouds" hefore  t h e  eyes, and one com- 
plained of " red  vis ion".  In both in s t ances ,  t h e  v i s u a l  d i f f i c u l t y  
had come on approxk.a te ly  t h r e e  weeks a f t e r  t h e  bombing i n  a s soc ia t ion  
w i t h  r a d i a t i o n  s ickness  ( f eve r ,  pharyngi t i s ,  and petechiae)  and both 
a r e  presumed t o  liave bcen caused by r e t i n a l  and v i t r e o u s  hemorrhages. 

O f  t h e  two p a t i e n t s  who were thought 

B. Hc ra tocon junc t iv i t i s  

bive p a t i e n t s  s t a t e d  they had symptoms of b i l a t e r a l  k e r a t i t i s  
(photophobia, l acr imat ion ,  fore ign  body, sensa t ion)  coming on within 
t h e  f i rs t  day a f t e r  t h e  explosion, and l a s t i n g  two t o  t h r e e  days. 
These were presumably due t o  u l t r a v i o l e t  r ad ia t ion .  In  one o t h e r  
p t i e n t  w i t h  s i m i l a r  s~mptoms t h e  condi t ion  l a s t e d  t h r e e  weeks, but  
inasmuch as th i s  p a t i e n t  a l s o  had ex tens ive  h r n s  of t h e  face,  it was 
poss ib ly  a tiienn?.l i n j u r y  r a t h e r  than a b i o t i c .  S i x  p a t i e n t s  also 
cave a h i s t o r y  of k e r a t i t i s  coming on 3 t o  4 weeks af ter  t h e  explo- 
s ion  and l a s t i n g  f o r  s eve ra l  days i n  one p a t i e n t ,  and one or more 
months i n  t he  o t h e r  pa t i en t s .  A l l  of these  p a t i e n t s  had symptoms of 
r a d i a t i o n  s ickness ,  and the  cause of t h e  k e r a t i t i s  was presumably t h e  
i o n i z i n g  r a d i n t i m s .  

i l .  Lenses 

ALnorrnalities of the  l e n s e s  were noted i n  20 p t i e n t s  of t h i s  
s e r i e s .  &iEht had s e n i l e  c o r t i c a l  c a t a r a c t s .  Seven had congeni ta l  
o p a c i t i e s  s i t u a t e d  i n  the  l e n s  nucleus,  one had an a n t e r i o r  po la r  
opaci ty ,  one had seve ra l  vacuoles i n  t h e  an tek io r  c o r t e x  and f i v e  
had p o s t e r i o r  c a p m l a r  c a t a r a c t s  which were bel ieved t o  have been 
caused by r a r l i a t i cn  from t h e  atomic bomb. Thesc w i l l  be discussed 
subsequucntly to[;ether w i t h  t h e  cases  of r a d i a t i o n  c a t a r a c t  i n  Group 11. 

There were f i v e  a d d i t i o n a l  p a t i e n t s  who showed changes i n  t h e  
p o s t e r i o r  capsules  suCGestive of t h e  r a d i a t i o n  type but  which were 
i n s u f f i c i e n t l y  d e f i n i t e  ,as y e t  t o  j u s t i f y  t h e  d iagnos is  of r a d i a t i o n  
c a t a r a c t .  (!ne p i t i e n t 2 R  had minimal pos t e r io r  c o r t i c a l  o p a c i t i e s  i n  
t h e  a x i a l  r e i i o n  of both cycs w i t h  two vacuoles beneath t h e  a n t e r i o r  
capsule  01' tlie r i e h t  cye. T h i s  p a t i e n t  had had no r a d i a t i o n  s ickncss  

20 i1-r'. NO. 282501, 
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bu t  d id  have c o q d e t e  e p i l a t i o n  o f  s c a l p  h a i r  beginning, a l l eged ly ,  
th ree  months a f t e r  t h e  atomic bomb and l a s t i n g  th ree  months. 
s e e m  altoijett ier l i k e l y  t h a t  t h i s  i s  an ins tance  of i n c i p i e n t  rad i -  
a t i o n  c a t a r a c t .  
t h e  r i g h t  eye over a 1 mm zone with two s c i n t i l l a t i n g  r e f l e c t i o n s  
(poss ib ly  vacuolcs) j u s t  in f ron t  of t he  pos t e r io r  capsule  of t he  
r i g h t  eye. The : inter ior  capsule was normal. The l e f t  eye, which 
apparent ly  had an i n j u r y  or  u l c e r  of tile cornea, showed an opac i ty  
of t he  lower n a s a l  quadrant of t h e  cornea and a pos t e r io r  synechia, 
but the l e n s  was c lea r .  The p a t i e n t  had had no r a d i a t i o n  s ickness  
but had been almost completely ep i l a t ed  f o r  four  months. This 
i s  also thought t o  be a poss ib le  in s t ance  of e a r l y  r a d i a t i o n  
c a t a r a c t  but ,  if t rue ,  t he  u n i b t e r a l i t  of the p o s t e r i o r  capsular  
opac i ty  i s  su rp r i s ing .  Three p ~ i t i e n t s ~ ' , 3 ~ , ~ ~  showed e i t h e r  haziness 
and i r r e g u l a r  r e f l e x e s  from t h e  pos t e r io r  capsule or  a few subcapsular 
vacuoles t h a t  were tliought t o  be border l ine  abnormali t ies .  These 
@ t i e n t s  w i l l  be examined ags in  a t  a l a t e r  da t e .  

It 

Another pa t ien t29  showed a f a i n t  a x i a l  o p c i t y  i n  

D. Neurore t ina l  l e s i o n s  

Two p a t i e n t s  i n  t h i s  group had b i l a t e r a l  macular degeneration 
and one had u n i l a t e r a l  macular degeneration. 
a u n i l a t e r a l  coloboma of t he  choroid; one p a t i e n t  had r e t i n i t i s  pig- 
mcntosa; one p a t i e n t  had o p t i c  a t rophy o f  undetermined o r ig in ;  and 
t h e e  p a t i e n t s  had mild hypertensive and a r t e r i o s c l e r o t i c  c h a w e s  i n  
t h e i r  r e t i n a l  a r t e r i e s .  

One o the r  pa t i en t  had 

!<. I i iscel laneous ocular  f i nd ings  

Four p a t i e n t s  i n  this croup were noted t o  have shown trachoma 
and one p l t i e n t  had had n perfora t ing  i n j u r y  oi' t h e  eyeball .  

ti. iion-ocular f ind ings  

h r n s  of t h e  f a c e  which were s u f f i c i e n t l y  severe t o  r e s u l t  i n  loss 
of sk in  occurred i n  only ten  p a t i e n t s  of t h i s  s e r i e s .  In t h e  two k i lo -  
meter survey group the  incidence of comparable burns was more than f i v e  
t imes a s  Great,  a d i f f e rence  whj.ch i s  undoubtedly explained by t h e  f a c t  
t h a t  almost a l l  of t he  survivors  wi th in  tkLe one ki lometer  range had 
some form of sh ie ld ing  a s  f a r  a s  the  thermal e f f e c t s  of t he  bomb were 
cmeerned.  

On the  o ther  hand, t he  percentage i n  t h e  one ki lometer  group who 

S ix ty  per  cent  were recorded a s  completely epi- 
were e p i l a t e d  was much g r e a t e r  than i n  the  two ki lometer  group ( s e e  
graphs i n  Addendum). 
l a t e d  i r i  t h e  one ki lometer  group, whereas it was only s l i g h t l y  more 
than f o u r  per cen t  f o r  t he  two ki lometer  group. 
e p i l a t i o n  i n  those i n  whom it was sa id  to have been complete was less 

The dura t ion  of the  

ii.F. I!o. 231927 
32 I,!. F. I?o. 231826 
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than one innnth i n  8; froin one t o  two mrmths i n  55; from two t o  f i v e  
inonths i n  LL9; from f i v e  i m i t h s  t o  one ge i r  in 18; and, allep,cdly, 
longer  than one year. i n  17. 'Phe dura t ion  w a s  not known i n  9. 

T!ie d i f f icu1t .y  i r l  eva lua t ing  r a d i a t i o n  s ickness  h a s  a l r eady  
been discussed.  
h i s t o r y  of delayed malaise,  Las t ro - in t e s t ina l  symptoms, or p h a r p -  
Gi t i s  w h i q h  might be j .nterpreted a s  r a d i a t i o n  sickness.  
and nirietecn gave a h i s t o r y  of petechiae coming on wi th in  t h e  f i r s t  
few weeks a f t e r  t h e  explosion. 

Of t h e  231 p i t i e n t s  i n  t h i s  series 205 &ave a 

One hwidred 

Group 11. T h i s  grnup was inade up of persons who were contacted through l o c a l  
ophthaI r r in lo~ , i s t~ ,  through newspaper p u b l i c i t y ,  o r  through hearsay,  
I t  i s  the re fo re  a highly se l ec t ed  group, and t h e  incidence of d i sease  
i n  this s e r i e s  r i v e s  no ind ica t ion  of t h e  frequency i n  t h e  populat ion 
a t  l a rge .  
connection wit.ii C.he atomic h n b .  

i n  m l y  a m a l l  number was the re  thought t o  be any causa l  

The cases  sxn '  who gave no history o r  f ind ings  suggest ive of 
a s soc ia t ion  w i t h  the  atcinic bomb a r e  l i s t e d  according t o  d iagnos is  
a s  fol lows:  

I lornwl 101 

L,ids and l a c r i m a l  apparatus  

Dacryocystostenosis 
Ectropion (upper l i d )  
T r i c h i a s i s  (epiblepharon j 
T r i c h i a s i s  (trachoma) 
Chalazion 
Trachoma ( a c t i v e )  
Vernal c o n j u n c t i v i t i s  ( l i d s )  

Lxtraocular  muscles 

Nys t a p u s  
Strabismus 
Chronic progressive 

ophthalmoplegia externa 

Conjunctiva and cornea 

Ca ta r rha l  c o n j u n c t i v i t i s  

1 
1 
1, 
1 
1 
3 
3 

2 
3 

1 L 

3 
Venial  c o n j u n c t i v i t i s  (bu lbar )  1 
llunture.  IJescemet' 5 Ilembrane 

( k i k t h )  1 
In t et's t i  t i a l  k e r a t i t i s  5 
fhlyctenu1.ar k'eratocor. j unc t i -  

v i t i s  1 
Lwc  onia 1 
, , c l e r o k e r a t i t i s  1 



Lens 

A .  

Sen i l e  c a t a r a c t  4 
Diabet ic  c a t a r x t  1 
Coronary c a t a r a c t  1 
Nuclear s c l e r o s i s  1 
Secondary c a t a r a c t  1 
Congenital  c a t a r a c t  1 
F a f o l i a t i o n  of  l e n s  capsule  1 

Retina and o p t i c  nerve 

Cen t ra l  serous re t inopathy  1 
Lacular  degeneration 1 
Separated r e t i n a  2 

(Ea1e.s' d i sease )  1 
R e t i n i t i s  Pigmentosa 3 

a lcohol )  2 

R e t i n i t i s  p r o l i f e r a n s  

R e t i n i t i s  punctata  a lbescens  1 
Optic a t rophy (probably methyl 

Uvea 

Iritis 
Uvei t i s  
Harada's d i sease  

3 
1 
1 

Xye as R whole 

Aiiie t r o p i a  16 
Chronic glaucoma 2 
P h t h i s i s  bu lb i  1 
Congeni ta l  microphthalmos 2 

The p a t i e n t s  in the non-survey group who were be l ieved  t o '  have 
had l e s i o n s  r e s u l t i n g  froin t h e  atomic bomb a r e  discussed i n  t h e  follow- 
i n g  p r a g r a p h s ,  arranged according t o  t h e  headings used i n  t h e  descrip- 
t i o n  of t h e  survey cases .  It should be borne i n  mind t h a t  t h e  evidence 
t h a t  t h e  l e s i o n s  i n  t h i s  group were i n  f a c t  due t o  t h e  atomic bomb 
depended on time r e l a t i o n s h i p s  and niorphologic c h a r a c t e r i s t i c s ,  r a t h e r  
than on comparative s t a t i s t i c s .  

Sub jec t ive  v i s u a l  dis turbance.  

The only p a t i e n t  f a l l i n g  i n t o  t h i s  category i n  t h e  non-survey 
s e r i e s  vas a th i r ty -yea r  o ld  man who was on t h e  s i x t h  f loor  i n s i d e  a 
concrete  bu i ld ing  450 meters  from t h e  hypocenter a t  t h e  time of the  
explosion. 
approximately t h r e e  weeks a f t e r  t h e  explosion when he  became bl ind.  
A t  the  sane time he developed profound e p i l a t i o n  and r a d i a t i o n  s ick-  
ness ,  (incl-uding pe techiae) .  His v i s ion  g radua l ly  re turned  two months 

Except f o r  a mi ld  burn of t h e  ea r ,  he had no symptoms u n t i l  
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l a t e r .  At t h e  t i n e  of t h e  p re sen t  excamj.nation, v i s i o n  w?is 26/30 
0.U. and t h e  o n l y  ob jec t ive  f i n d i n g s  were t h e  presence of f l o c c u l e n t  
o p a c i t i e s  i n  t h e  l e n s  having n l ame l l a r  d i s t r i b u t i o n  s i m i l a r  t o  t h a t  
seen w i L h  congenj~ta l  Catarac ts .  

The cause of b l indness  i n  t h i s  p n t i e n t  i s  not  evident  bu t  it 
The p resen t  c a t a r a c t s  was obvimsl j -  p a r t  of t h e  r a d i a t i o n  syndrome. 

a r e  considered unre la tcd  t o  the  r e s t  o f  t h e  condi t ion  s ince  s i i n i l n r  
ctiauyes ,irr: seen n o t  i ni 'rcquently i n  Japanese persons,  and the re  
wcre no chanGes i n  t h e  pos t e r io r  capsule  such a s  occur w i t h  r a d i a t i o n  
c a t a r a c t s .  

Keratoc on junc t i v i t  i s  B. 

I l h i l e   several^ p a t i e n t s  i n  the non-survey Group gave a h i s t o r y  
of a ti-arisient k e r : i t i t i s  ~oll.o:.~ing the  atomic bombing, on ly  one 
sliowed r e s i d u a l  Q p c i t i e s  of t h e  cornea tholight to be a t t r i b u t a b l e  
t o  it. 
o l d  girl who w 2 s  >,COO meters  from t h e  hypocenter gazing i n t o  t h e  
sky a t  t h e  t ime of the  explosion. 
b l a s t  b u t  does not  remember any v i s u a l  d i s turbance  u n t i l  30 minutes 
l a t e r  when h e r  l i d s  became swollen from burns of h e r . f a c e  and she 
could n o t  see.  ?or s e v e r a l  days she had pa in  i n  t h e  eyeba l l s ,  and 
t h e  photophobia was severe.  She was hosp i t a l i zed  f o r  a month with 
disappearance of t h e  photophobia but  WR.? not  examined by an opthal-  
mologist .  She had no e p i l a t i o n ,  d i a r rhea  o r  fever .  When examined 
two months a f t e r  t h e  bombing, she was found t o  have symmetrical 
o p a c i t i e s  of t h e  lower halves  of both corneas. 
t h e  o p a c i t i e s  was l ikened t o  a mountain with a rounded, sha rp ly  
demarcated upper  wlGe e-xtending i n t o  t h e  pupil.lar-y a rea  and a less 
w e l l  def ined  lower efige. 
c l e a r .  The r e t i n a  and v i s u a l  f i e l d s  showed abnormal i t ies  t o  be  
descr ibed  subseqiuently. 

T h i s  p a t i w t ,  previously renor ted  by 0yama33, was a 23 year  

She was knocked down by t h e  

The d i s t r i b u t i o n  of 

The pup i l s  were round and the l c n s e s  were 

The p a t i e n t  was emmined by u s  four  y e a r s  a f t e r  t h e  bombing and 
showed s u p e r f i c i a l  and deep o p a c i t i e s  i n  t h e  lower por t ions  of  both 
corneas.  They could j u s t  Le seen g ross ly  a s  pa tchy  opacities but  
were conspicuous by s l i t  lamp examination. In o the r  r e s b e c t s  t h e  
eyes >:we nonnal. 

C. Lens changes 

Ten cases  of  c a t 3 r a c t s  thou&t t o  be due t o  ion iz ing  r a d i a t i o n  
were seen34. 
s e r i e s .  
i n  t h e  survey Group, were r e r e r r e d  t o  u s  by llr. Ikui and one was 
contacted t h r o u ~ h  I&. I!. Iiirose35. 
u s  because of t h e i r  complaints of f a i l i n g  v is ion ,  (one was an employee 
01 the  AUCC!)  a r ~ d  the  ten th  person, who had no v i s u a l  complaint, was 
c a l l e d  i n  because she was knowr t o  have been with one of the  o the r  
n inc  a t  the time o f  t h e  explosion. 

F ive  of them were p a t i e n t s  in t h e  1000 meter survey 
Two of t h e  p ' t ients,  i n c l u d i w  one who wns a l s o  contacted 

Two o t h e r  p t i e n t s  were seen by 

33 Oyama: Ganlta Iiinsho lho, {/LO, 1'77, 1946 
14 
35 

Protocols  of each casc a r e  Given in t h e  accompanying addendum. 
This case i s  b e i y  repor ted  a t  t h e  Kyiishu Ophthalmological 
Soc ie ty  meeting afi %unia!!!oto, Sept .  23, 1949. 
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Nine of t h e  p a t i e n t s  were exposed a t  Hiroshima and one of t h e  
p z t i e n t s  a t  Nacasaki. 
a c u i t y  p r i o r  t o ,  and for some t ime a f t e r ,  t h e  bombing. Seven were 
males and t h r e e  were females. 
were 1 3  t o  55 years .  A 1 1  were wi th in  550 t o  950 meters  of t h e  
hypoceriter a t  t h e  time of t h e  explosion. 
&e the r  i n  the forward part of a s t r e e t  ca r .  
houses roofed w i t h  t i l e .  One w a s  crouching behjnd a wooden bui ld-  
ing ;  one was walking i n  t h e  s t r e e t ,  sh ie lded  by t h e  p l a s t e red  wall 
of a bu i ld ing;  
Two had thermal  burns of t h e  p r o f i l e  t ype  ( t h a t  is ,  due t o  r a d i a n t  
h e a t ) ;  a l l  had e p i l a t i o n  of t h e  head a f t e r  a l a t e n t  period of one 
t o  four weeks, witli complete baldness  l a s t i n g  t h r e e  t o  f i v e  months. 
Six had vorniting on t h e  day of t h e  explosion,  and e i g h t  had symptoms 
one t o  t h r e e  weeks a f t e r  t h e  explosion cons i s t ing  of fever  and 
inalaise w i t h  vomiting and d i a r r h e a  i n  f i v e  and pe techiae  i n  f ive .  
One developed a sloughing l e s i o n  of t h e  buccal mucosa and another  
a l o c a l i z e d  nec ros i s  of t h e  cheek w i t h  per fora t ion .  
were due t o  radi.ation s ickness  or  t o  t h e  unsan i t a ry  condi t ions  pre- 
veiling a t  t h e  t ime could not be determined. 
p a t i e n t s  had had amenorrhea s i n c e  t h e  exposure and t h e  o t h e r  two 
began t h e i r  menses a t  ages l'/ and 1 9  whic!i WAS appro-tely t h r e e  
yea r s  a f t e r  t h e  exposure. 

A l l  were s a i d  to have had normal v i s u a l  

The ages  a t  t h e  t ime of t h e  exposure 

Three were standing to-  
Four were i n  wooden 

and one i s  n o t  known t o  hzve had any sh ie ld ing .  

Wliether these  

One of t h e  t h r e e  female 

The only ocu la r  complaint of t h e  p a t i e n t s  was f a i l i n g  v is ion .  
Tlie onse t  of svb jec t ive  v i s u a l  symptoms was s a i d  t o  have been as 
e a r l y  as one month a f t e r  t h e  bombing i n  one p a t i e n t ,  b u t  the p a t i e n t  
was i n  an apprehensive mental  state a t  t h e  time and it i s  by no means 
c e r t a i n  t h a t  tliis i n i t i a l  cornplaint was due t o  i n c i p i e n t  c a t a r a c t s .  
The l a t e n t  period of  v i s u a l  symptoms i n  seven o the r  p a t i e n t s  was: 
6 months, i n  one p a t i e n t ;  2-1/4 yea r s  i n  one p a t i e n t ;  and 2-l/2 years ,  
in f i v e  p a t i e n t s .  
f a i l u r e  of v i s ion  wds sa id  t o  have been e i t h e r  Gradual o r  Step-WiSe 
and f l u t u a n t  i n  t h e  seven p a t i e n t s ,  one of these  p a t i e n t s  having 
thought some improvement follvwed each loss. 

Three p a t i e n t s  had had no ocu la r  complaints. The 

The c a t a r a c t s  cons is ted  of  o p a c i t i e s  i n  t h e  a x i a l  zone of the  
p o s t e r i o r  l e n t i c u l a r  capsules  over ?a area of 2 t o  4 INII wi th  occa- 
s i o n a l  puncta te  do t s  f a r t h e r  toward t h e  per iphery.  
a p p r o x h a t e l y  q m i e t r i c a l  i n  t h e  twoeyes. 
had jagLed but neve r the l e s s  r e l a t i v e l y  sharp  edges. In t h e  f i v e  
p a t i e n t s  i n  w:iorn t h e  changes were most marked, t h e  pe r iphe ra l  por- 
t i o n s  of the opaque d i s c s  were denser  than t h e  c e n t r a l  port ions,  
forming doughnut-shaped o p i c i t i e s  when examined w i t h  t h e  ophthalmo- 
scope. X i t h  t h e  s l i t - lamp biomicroscope t h e  o p a c i t i e s  were of a 
l ace - l ike  t e x t u r e  having a f e w  polychromatic c r y s t a l s  and a f e w  
vacuoles. The o p a c i t i e s  were confined t o  t h e  p o s t e r i o r  capsules  
w i t h  no apparent  extension i n t o  t h e  underlying c o r t e x  but  t h e  vacu- 
o l e s  were s i t u a t e d  j u s t  i n  f r o n t  of  t h e  capsules.  In t h e  two most 
advanced cases  the re  was a d i s t i n c t  s epa ra t ion  of t h e  opac i ty  cen- 
t r a l l y  i n t o  two laininae frcm f r o n t  t o  back with a r e l a t i v e l y  c l e a r  
i n t e r v a l  hetwecn them. Toward t h e  per iphery  of this c e n t r a l  d i s c  
t h e  two laminae fused t o  form t h e  d e n s e r  r i n g  t h a t  had given r i s e  

The f ind ings  were 
The c e n t r a l  opaque d i s c s  
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t o  t h e  doughut-sli:iped o p i c i t i e s  seen w i t h  t h e  ophthalmoscope. I n  
t h e  l e s s  advdnced cases  wliich d i d  n o t  show t h e  doughnut configura- 
t i o n ,  t h e  c e n t r a l  por t ion  showed a n  opac i f i ca t ion  of the  whole th ick-  
nes s  of t he  pos t e r io r  capsule s imi l a r  'to the  per iphera l  por t ion  of 
t h e  d i s c  i n  t h e  more adv3riceri cases .  Thus it dppears t h a t  progression 
of t hese  ca t : i rac ts  i s  accoinpariied by a s e p w a t i o n  of t h e  c e n t r a l  
o p x i t y  i n t o  two l aye r s ,  separated by a c l e a r  i n t e r v a l ,  and an ex- 
t ens ion  of tho u n s p l i t  opaci ty  toward t h e  per iphery.  The a n t e r i o r  
czpsule  a l s o  showed a few punctate  d o t s  i n  seven o f  t h e  p z t i e n t s  and 
an occas iona l  vacuole i n  th ree .  
was e n t i r e l y  c l e a r  i n  a l l  cases .  

The l e n s  c o r t e x  and nucleus,  however, 

The c a t a r a c t s  a r e  considered t o  he similar t o  those  which hav 
previous17 been assoc ia t ed  w i t h  exposure t o  x-rays and gamma. r ays  3z . 
: ihnt  pmt neutrons plaxed i n  t h e i r  patlio,eenesis i s  riot evident .  
p z t i e n t . ~  were i n  a cone where neutrons a i d  gmna r ays  were present ,  
althou{;h information on t h e  amounts o f  each i s  not  pub l i c ly  ava i l ab le ,  
I.ost perssns  i n  this zone c5ed e i t h e r  from thermal  or mechanical h- 
,juries or from rad ia t ion  sicluiess. That t hese  persons survived and 
developed c a t a r a c t s  may have been due simply t o  b io log ic  va r i a t ions ;  
b u t  it cannot be reasonably denied t h a t  while  t h e  c a t a r a c t s  were due 
t o  expcsure of t h e  head rec ion ,  t,he absence of  l e t h a l  r a d i a t i o n  d i s -  
ease  m y  have been &e t o  a sh ie ld ing  of much of t h e  r e s t  of  the  body. 
Five of the  p a t i e n t s  had very l i t t l e ,  i f  any, r a d i a t i o n  s ickness  and 
it i s  not  impossible t h a t  t h e  symptoms i n  t h e  o t h e r s  may no t  have 
been due t o  r a d i a t i o n ,  
head which was undoubtedly a r a d i a t i o n  e f f e c t .  It i s  poss ib l e  t h a t  
the t h r e e  stnridirig i n  t h e  f r o n t  of t h e  s t r e e t  ca r  were pro tec ted  i n  
t h e  lower ha lves  of  t h e i r  bodies by t h e  m e t a l l i c  baseboard below t h e  
c a r  windows. 

The 

Yet a l l  of them had profound e p i l a t i o n  of t h e  

Aside from t h e  foregoing cases  wit,h o u t r i g h t  pos t e r io r  capsular  
c a t a r a c t s ,  s e v e r a l  border- l ine cases  were seen t h a t  were thought not  
t o  r ep resen t  r x h t i o n  c a t a r a c t s  bu t  i n  which f i n a l  judgment w i l l  be 
postponed until f u r t h e r  examination, s ix  months o r  one year  hence. 
These cases  represetit.ed ail unusual amount of marking of  t h e  pos t e r io r  
capsules  and none showed opac i f i ca t ion  that w a s  v i s i b l e  bj oph thaho-  
scopic emmina t i cn .  

Aside frorh these  case's which a r e  thought t o  be normal v a r i a n t s ,  
a few cases  were seen showhi. abnormal i t ies  i n  t h e  p o s t e r i o r  capsule  
but  neve r the l e s s  n o t  thought t o  be due t o  r ad ia t ion .  
a 17 year  old d i a b e t i c  boy who had been 2000 meters  from the  hypo- 
cen te r  a t  t h e  time of  the  explosion and had had no burns, ep i la t . ion  
nor  r a d i a t i o n  s ickness .  d x n i n a t i o n  a t  the present  time showed 
d i f f u e s  opac i f i ca t ion  of t h e  pos t e r io r  capsule  and a n t e r i o r  capsule 
i n  t h e  axial rec ions  and extensive b l u i s h  white o p a c i t i e s  i n  the  
a n t e r i o r  and p o s t e r i o r  co r t ex  o f  both lenses .  
i i o s i s  was d iabo t i c  c a t a r a c t s .  

One p t i e n t  was 

The presumptive diag- 

-- 3x itnhrschneider, i)!.: Arch. f u r  Augen. 106: 221-254, 1932 
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The  normal pos t e r io r  capsule  may be l ikened t o  a l a y e r  of 
g l a s s  immersed i n  water containing a varying amount of e tching of 
i t s  surface.  The etching i s  usua l ly  :nost evident  i n  t h e  a x i a l  or 
p e r i a x i a l  ree,ion and can be seen by f o c a l  i l lumina t ion  as d o t s  and 
thread-l ike l i n e s .  
wild-blown beach g r a s s  on t h e  otherwise smooth sand. 
evident  on the  pos t e r io r  m r f a c e  of t h e  capsule and presumably re- 
present  rennants o f  t he  hyaloid system. By t rans i l lumina t ion ,  t h e  
pos t e r io r  capsule  o f t en  shows o p t i c a l  i r r e g u l a r i t i e s  i n  the  a x i a l  
and p e r i a x i a l  regions s in i i la r  t o  the  "warts11 on the p o s t e r i o r  sur face  
of t he  cornea. 

Often they a r e  arranged l i k e  t h e  t r a c k s  made by 
They are most 

D. N e u r o r e t i n a l  nbnormali t ie  s 

Approximately 10 persons gave a h i s t o r y  of having been gazing 
a t  t he  sky, some a t  the  a i rp l ane  and a t  l e a s t  one a t  t h e  p r a c h u t e  
car ry ing  the  bomb, a t  t he  time of the  explosion but  only one person 
showed any poss ib le  evidence of r e t i n a l  o r  nervous system damage. 
T h i s  patient.37, t he  same one who was previously r e f e r r e d  t o  with 
k e r a t i t i s ,  wns a 23 year  old g i r l  who had been 2,000 meters  from t h e  
hypocenter a t  the  t i n e  of t h e  explosion and gazing skyward but  does 
n o t  know whether or not  it w a s  i n  the  d i r e c t i o n  of t h e  bomb. A t  
f i r s t  t h e r e  were no v i s u a l  dis turbances.  llhen examined two months 
a f t e r  t h e  bombing there was a grayish white opac i ty  one-third the  
s i z e  of t h e  d i sc  j u s t  temporal t o  each fovea. 
t ra i  scotoma ms found, most dense i n  a ring-shaped a r e a  occupying 
the  6 t o  8 degree i sopters .  
v i s u a l  acu i ty ,  which was known t o  have been normal before  t h e  bombing, 
was c o r r e c t i b l e  t o  O.D. 0.6 (20/50) and US. 0.9 (20/30). Examination 
four y e a r s  a f t e r  t he  bombing showed s i m i l a r  b i l a t e r a l  ring-shaped 
scotomata, but  there  were no abnormal i t ies  found i n  t h e  fundus. 

By campirnetry a cen- 

It w a s  symnetr ical  i n  t h e  twoeyes. The 

T h i s  p a t i e n t  i s  presumed to have had an i n f r a r e d  burn of the  
r e t i n a  and was the  only F a t i e n t  seen on whoin such a d iagnos is  we made. 

(heother  p a t i e n t  i n  t h e  non-survey s e r i e s  had r e t i n i t i s  pro- 
l i f e r a n s  i n  one eye. 
i n  t h i s  eye immediately a f t e r  t h e  atomic bomb, presumably from a 
v i t r e o u s  hemorrhage, although t h e r e  was no known trauma. 

The p a t i e n t  i s  s a i d  t o  have l o s t  her  v i s i o n  

E. Liscel laneous Ocular Findings 

Per fora t ion  of  t h e  globe, f r ecpen t ly  w i t h  l o s s  of t h e  eye, or 
p h t h i s i s  bu lb i ,  was seen i n  7 1  cases ,  i n  four  of whom it was b i l a t -  
e r a l .  In p r a c t i c a l l y  all cases  t h e  i n j u r y  w a s  caused by g l a s s  and 
i n  many cases  it was accompanied by mul t ip le  s c a r s  of t h e  l i d s  and 
f a c e ,  For some reason which i s  no t  apparent,  t hese  s c a r s  of ten  had 
a d i s t i n c t  b h e  color .  T h a t  it was g l a s s ,  r a t h e r  t han  any inherent  
c h a r a c t e r i s t i c  of t h e  s c a r  foriration that caused t h i s  d i sco lo ra t ion  
i s  suggested by t h e  f a c t  t h a t  burn s c a r s  and s u r g i c a l  s ca r s  i n  t h e  

37 Previously descr ibed by Oyama i n  Ganka Xinsho Iho, Vol. #LO, 
177, 1945. 
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Japinese shcm iio similar pigmentation. The p o s s i b i l i t y  that t h e  
d i s c o l o r a t i o n  was simply due to d i r t  t h a t  had been c a r r i e d  i n t o  t h e  
wounr2s could ]lot be excluded., hu t  i t s  uni formi ty  and t h e  absence 
of :;ranul,ir t e x t u r e  m d e  t h i s  p o s s i b i l i t y  unl ike ly .  

l r i d o d i a l y s i s  result.img f rom the  bomb was seen in one pa t i en t  
and i s  presumed t o  have been dur: to a blow w i t h  some b lun t  ob jec t  
r a t h e r  than  t o  tlie b l a s t .  

T k  person:: w i i o  had had evidence of bra in  i n j u r y  a t  t h e  t ime of.  
t h e  hoinb had coinplicatiru; eye s igns ,  one w i t h  b i l a t e r a l  s i x t h  nerve 
p a r a l y s i s  m d  one w i t h  up t i c  a t rophy.  

h p i 1 l a r . y  a r e f l e x i a  was found i n  onegie of a p a t i e n t  Wtlo had 
k e n  h l i n d  f o r  s e v e r a l  days a f t e r  the  explosion. She i s  presumed t o  
have Ii,?ci an in t , raocular  hemorrhage a t  the t h e .  

111. General observa t ions  on Japlnese eyes 

Since,  t o  our  knowledge, no comparable emminat ion has  been repor ted  
OII a l a r g e  number of normal Caucasian eyes,  t h e  following observat ion 
may have l i t t l e  comuzrative s ign i f icance .  The da ta  is, the re fo re ,  n o t  
presented s t a t i s t i c a l l y , ,  bu t  r a t h e r  a s  our  impression of c e r t a i n  d i f -  
fc rences  between Japanese eyes (presumably app l i cab le  t o  a l l  Or i en ta l s )  
and Caucasian eyes. 

T r i c h i a s i s  i n  a s soc ia t jon  with epipblepharon i s  so f requent  i n  
'Japnnese ch i ld ren  t h a t  it may be considered a normal variant. 
respons ib le  l a s h e s  a r e  usua l ly  those i n  t h e  inner  po r t ion  of  the lower 
1i.d and produce k e r a t i t i s  and occas iona l ly  pannus i n  t h e  lower n a s a l  
quadrant of  both corneas. 
l i d s  o r  by entropion.  The sub jec t ive  d is turbances  caused by the  
t r i c h i a s i s  a r e  va r i ab le  but  it was noteworthy t h a t  t h e r e  was no case  
i n  wiiicli t h e s e  symptoms were a s  marked a s  might be expected, and o f t en  
t h e r e  were no symptoms a t  a l l .  In view o f  the  f a c t  that t h e  condi t ion 
w a s  found almost exc lus ive ly  i n  ch i ld ren ,  it i s  presumed t h a t  it be- 
comes outgrown. 

The 

It i s  not  accompanied by sca r r ing  of t h e  

Staphylococcic and rosacea k e r a t i t i s  was conspicuous by i t s  
r a r i t y  i n  conparison w i t h  our  exper iences  i n  t h e  United S ta t e s .  Acne 
of the face a l s o  appeared m c h  less coinmon. Trachoma, on t h e  o t h e r  
hand, was f requent ,  being present  in 52 to l O A  of t h e  cases  examined. 
P te rygia  and conspicuous pinguecula were perhaps somewhat more f r e -  
quent  than iri a t  l e a s t  mine p a r t s  of t h e  United S t a t e s  (Northeast)  
and it appeared t h a t  the  pinguecula were s i t u a t e d  c l o s e r  t o  t h e  limbus 
than i s  t h e  case  w i t h  (Caucasian eyes,  o f t en  a c t u a l l y  over-ri.ding t h e  
cornea.  
i s  perhaps e s p e c i a l l y  noteworthy because of i t s  poss ib l e  s ign i f i cance  
i r i  t h e  pathogenesis  of p t e ryg ia  i n  genera l .  
spearhead of ~Lhe pteryC,ium was 1 tnm zone of  f l a t  pigmented epi thel ium 
su{:~est ini :  t h a t  epi thel ium had grown over from t h e  limbus in advance 
o f  the pteryfiiun. 

One case  of i n c i p i e n t  pterygium in  a heavi ly  pigmented eye 

J u s t  i n  advance of t h e  
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Vernal c o n j u n c t i v i t i s  of both bulbar  and pa lpebra l  type  ap- 
peared more common than i n  a comparable Group i n  t h e  United S t a t e s .  

Evidence of a r t e r i o s c l e r o t i c  or  hypertensive vascular  d i sease  

Unly two ins t ances  of primary glaucoma were seen and by 
was r a r e ,  but  Ea les '  d i sease  i n  young persons was r e l a t i v e l y  f r e -  
quent.  
i nqu i ry  among ophthaltnologists t h i s  seems t o  be r e l a t i v e l y  in f r e -  
quent i n  Japan. 

Frobably occurr ing  i n  Caucasian eyes a l s o ,  but  being l e s s  
ev ident ,  i s  t h e  depigmentation of t h e  pigment epi thel ium of t h e  
fundus wi th  age and w i t h  hiGh myopia. 
seventh decade t o  an emgeera t ion  of t h e  t e s s e l a t e d  appearance of 
t h e  fundus. 

T h i s  l eads  r e g u l a r l y  i n  t h e  
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Sununary and Conch- 

h-evious r e p o r t s  of ocular  l e s i o n s  r e s u l t i n g  from t h e  atomic bomb 

The present  study was undertaken w i t h  t he  
have been concerned c h i e f l y  w i t h  t raumatic  i n j u r i e s  and r e t i n a l  complica- 
t i o n s  of rarliatj-on s ickness .  
prime motive of determining what, if any, delayed i n j u r i e s  t o  the  eyes had 
r e s u l t e d  from t h e  atomic bombing. 

Accordingly, 1,000 persons who were l i s t e d  a s  having been i n  the  
"open" and within two ki lometers  of t h e  hypocenter a t  the  time of t h e  ex- 
plosion were se lec ted  a t  random from the  census f i l e s  of t he  Atomic Bomb 
Casual ty  Cormission f o r  study. 
t o t a l  a v a i l a b l e  number of surviving persons l i s t e d  a t  present  i n  t h e  census 
f i l e s  a s  having been within one ki lometer  of the hypocenter, were examined, 
as were s e v e r a l  hundred o t h e r s  who were contacted through newspaper pub l i c i ty ,  
r e f e r r a l s  from l o c a l  ophthalmologists, or through hearsay. 

In add i t ion ,  231 o thers ,  comprising the  

The survey r e s u l t e d  i n  br inging i n  persons having, o r  having had, a 
v a r i e t y  of ocular  condi t ions.  Those connected with t h e  atomic bomb included 
t h e  following diagnoses: mu l t ip l e  i n j u r i e s  of eyes and eye l id s ,  kerato- 
c o n j u n c t i v i t i s  from u l t r a v i o l e t  and ion iz ing  r ad ia t ions ,  thermal burn of t he  
cornea and of t he  r e t i n a ,  r e t i n i t i s  p ro l i f e rans ,  and r a d i a t i o n  ca t a rac t s .  
The c a t a r a c t s  were t h e  only delayed mani fes ta t ions  of ocular  i n j u r y  from t h e  
atoinic bomb. 

Ten cases  of  r a d i a t i o n  c a t a r a c t  were found. They a l l  occurred i n  per- 

A l l  had a delayed l o s s  
sons who were wi th in  one ki lometer  of the hypocenter and who were e i t h e r  in 
t h e  "open" or protec ted  by a wood o r  p l a s t e r  wal l .  
of t h e i r  e n t i r e  s c a l p  h a i r  but  d id  not  n e c e s s a r i l y  have r a d i a t i o n  s ickness .  
The aGes a t  t h e  time o f  exposure were between 13 and 55. 
and six were males. 

Three were females 

The l e n s  changes cons is ted  predominantly of granular  opac i f i ca t ion  of 
t h e  pos t e r io r  capsules  i n  t h e  axial zone, 
an asterisk-shaped c e n t r a l  opac i ty ,  no t  more than  1 mm. i n  diameter,  having 
s e v e r a l  subcapsular vacuoles. The more marked cases  showed, with the  opthal-  
moscope, a d i sco id  opac i ty  of t h e  p o s t e r i o r  capsule,  having a c h a r a c t a r i s t i c  
doughnut shape w i t h  a r e l a t i v e l y  more t r ans lucen t  zone i n  the  c e n t r a l  t h ree  
t o  f o u r  mm. region.  
t o  be w d e  up  of granules  forming a lace- l ike  p a t t e r n  and containing many 
s c i n t i l l a t i n g  high1it;hts and occas iona l  polychromatic r e f l e c t i o n s .  
more marked cases  t h e  o p a c i t i e s  appeared t o  be s p l i t  from f r o n t  t o  back w i t h  
a r e l a t i v e l y  c l e a r  lamina between t h e  opaque layers .  
had a th i ckness  equal t o  or  s eve ra l  t imes t h a t  of the pos t e r io r  capsule,  was 
gene ra l ly  seen i n  t he  region corresponding t o  t h e  t r ans lucen t  por t ion  of t he  
doughnut. I n  t h e  e a r l y  cases ,  before the  laxiination occurs,  t he  g r e a t e s t  
opac i f i ca t ion  of t he  capsule  i s  to be found ax ia l ly ,  bu t  as  the  s p l i t t i n g t a k e s  
place t h e  Erea t e s t  opac i ty  extends progress ive ly  toward t h e  periphery,  form- 
ing  the  c h a r a c t e r i s t i c  doughnut-shaped r e f l ex .  Whereas t h e  p o s t e r i o r  opaque 
lamina co inc ides  w i t h  t h e  pos t e r io r  sur face  of t h e  l e n s ,  t h e  a n t e r i o r  lamina 
may bulge L'0rVAi-d but, it i s  never the less  sharply demarcated from t h e  underly- 
ing cortex.  It does not  show the  extension i n t o  the  c o r t e x  which i s  seen 

The mi ldes t  ca ses  showed simply 

iJith t h e  s l i t  lamp biomicroscope the  opac i ty  was seen 

In t h e  

T h i s  c l e a r  lamina, which 
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w i t h  the  11sual c a t a r a c t a  coniplicata and pos t e r io r  po la r  ca t a rac t s .  
s i t u a t e d  j u s t  beneath the  pos t e r io r  capsu1.e~ are f r equen t ly  found even i n  
the  mi ldes t  cases .  

Vacuoles 

\ ; i t 1 1  t he  more advanced changes, f i n e  o p a c i t i e s  a r e  also to be found i n  
t h e  a n t e r i o r  capsule and i n  t h e  a n t e r i o r  subcapsular zone. 
o f t en  accompnniea by vacuoles.  

Here they  are 

The l a t e n t  pcriod fo r  t h e  a b j e c t i v e  d is turbances  r e s u l t i n g  from t h e  

The frequency of 
c a t a r a c t s  i s  usua l ly  two years .  
bb jec t ivc  f i n d i r q s  m.ay an toda te  t h e  subjec t ive  f indings.  
r a d i a t i o n  c a t a r a c t s  i s  a t  p resent  of t he  order  of 2-1/2 percent  of surv ivors  
wi th in  t h e  one ki lometer  zcne, but s ince  t h e  l a t e n t  per iod may be m n y  years ,  
it i s  obvious t h a t  t he  frequency may inc rease  considerably i n  the  y e z s  t o  
come. 

The progress  i s  slow and sonietimes step-wise. 

The occurrence of r a d i ~ . t i o n  c a t a r a c t s  i s  thought to be s i g n i f i c a n t  no t  
only on account of  t h e i r  ocular  impl ica t ions  bu t  more e s p e c i a l l y  because they 
a r e  t h e  f i rs t  delayed e f f e c t s  of t he  atomic hoiiib t o  have been demonstrated in 
t h e  body as a whole. 

R e c o n m e n d . a t ,  

1. Having e s t ab l i shed  t h e  f a c t  t h a t  r a d i a t i o n  c a t a r a c t s  r e s u l t e d  from 
t h e  atonuc bomb, i t  w m l d  now a p p a r  des i r ab le  t o  ob ta in  i n f o r m t i o n  on t h e i r  
time of onset  and course.  
c l u s i v e l y  within t h e  one kilometer zone, a t t e n t i o n  should be d i r e c t e d  to t h i s  
group. 
cmi inc i t ion  now, both a t  Hiroshima and Nagasaki, and a survey of these  same 
p a t i e n t s  should be m d e  i n  two t o  t h e e  y e a r s  t o  determine how many iiave de- 
veloped l e n s  changes i n  the  meantime. 
a l r e a d y  ejtarni.ned should s u i f i c e  t o  form a base l i n e  f o r  a subsequmt survey. 

The t en  p a t i e n t s  who Iiave been diagnosed as having r a d i a t i o n  cata-  
r a c t s  and the  n ine  p a t i e n t s  who were thought t o  have suggest ive l e n s  changes 
should be otherved a t  not more than six-month i n t e r v a l s  f o r  progress  study. 

3 .  It i s  suggested t h a t  Dr .  H.  I k u i  be appointed Japanese consu l t an t  

Since i t  appears t h a t  t he  c a t a r a c t s  rxcurred ex- 

b.s many persons a s  possible  wi th in  t h i s  zone should have an ophthalmic 

For the  two kilometer zone, t he  p a t i e n t s  

2. 

t o  AUCC on problems i n  ophthalmology. 
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ADDmDUM I 

Ophthalmologic Survey of Atomic Bomb Survivors  i n  Japan 
November 1949 

C a t a r a c t  Casc #l 

H. K.' P a t i e n t  was a 20-year o l d  g i r l  who, a t  t h e  t ime o f  t h e  Atomic Bomb 
explosion was standing i n  t h e  forward part of a s t r e e t  c a r  d i r e c t e d  toward, 
and a t  850 meters  from, t h e  hypocenter. The window of  t h e  s t r e e t  c a r  i s  
be l ieved  t o  have been open a t  t h e  time. The p a t i e n t  was knocked over by 
t h e  b l a s t  and w a s  unconscious f o r  about 10 minutes. She r e c a l l e d  having 
seen a f l a s h  of l i g h t  bu t  had no r e c o l l e c t i o n  of a sense of  heat.  
she  recovered consciousness,  she was aware of a ltyellow dus t "  everywhere, 
bu t  t h e  p a t i e n t  be l ieved  h e r  eyes were normal. 
companions who were w i t h  h e r  a t  t h e  time o f  the  explosion, one d i ed  i n  
f o u r  days '  time and t h e  o the r  i s  t h e  p t i e n t  l i s t e d  as IICataract Case #2' !  
i n  t h i s  s e r i e s .  

' h e n  

O f  t h e  p a t i e n t ' s  two 

This  p a t i e n t ' s  face  was ex tens ive ly  burned over t h e  l e f t  forehead and 
cheek, inc luding  t h e  s c a l p  h a i r ,  brow, and eyelashes on t h e  l e f t  s i d e  and 
t h e  p a t i e n t  had a cons iderable  thermal burn corresponding t o  t h e  pa r t .  
burned a r e a s  healed i n  two months' time. 

All 

; i i t h in  t h e  f i rs t  day a f t e r  t h e  bomb, t h e  p a t i e n t  began t o  have vomit- 
i n g  and t h i r s t  l a s t i n g  one  week and fever  (400 C )  lasting one month. 

l tpproxinately one week a f t e r  t h e  explosion, t h e  p a t i e n t  began t o  l o s e  
her  scal:, h a i r ,  arid i n  t h e  course of two weeks time she became cmnpletely 
bald and remained so f o r  f i v e  months. The p a t i e n t  does n o t  be l i eve  t h e r e  
was m y  delayed l o s s  of eyebmws or  eyelashes.  

In t h r e e  t o  four  weeks a f t e r  t h e  atomic bomb, t h e  p t i e n t  developed 
malaise ,  f eve r ,  d i a r rhea ,  bloody s t o o l s ,  and bleeding from t h e  gums. 
She was s u f f i c i e n t l y  ill a t  tkat time and subsequent ly  t o  remain i n  bed 
f o r  fou r  months. 
2; yea r s  a f t e r  t h e  explosion, and per iodic  examination a t  school  p r i o r  t o  
t h i s  time showed t h a t  the  p t i e n t  had cont inuously normal v i s u a l  acu i ty .  
The p a t i e n t  then  began t o  n o t i c e  painless loss of v i s ion  which was eradu- 
a l l y  progress ive  f o r  one year  bit since then has remained s t a t i o n a r j  t o  
t h e  time o f  t h e  present  examination, t h a t  i s ,  f o r  t h e  p a s t  s ix months. 

The p a t i e n t  had no complaint r e f e r a b l e  t o  t h e  eyes u n t i l  

' h e  p a t i e n t ' s  menses began a t  19 y e a r s  of age and have been regular  
s ince .  

h i m i n a t i o n  of t h e  eyes showed no abnormality o the r  Wan t h a t  i n  the 
lenses .  
( w i t h  - 3.00 sphere)  20/l+C~-~. 
p a t i e n t  had n o t  been myopic. 

13y ophthalmoscope, a x i a l  o p a c i t i e s  approximately 4 mn. i n  diameter 
T h a t  i n  t h e  r i c h t  eye 

Visual a c u i t y  was: O.U. (with - 3.50 sphere) 20/:0-3 and O.S. 
Pri.or t o  the development of c a t a r a c t s  t h e  

were v i s i b l e  i n  a p o s t e r i o r  p a r t  of both l enses .  
had a speckled appearance, ::reatest ceiitral.ly and diminishing per iphera l -  
wards, t h a t  i n  t h e  l e f t  eye had a doughnut shape with maximal d e n s i t y  in 
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a rinr:-shape 7,0118 npproximate1.y /+ mm . i n  dianiet,er. l3y s l i t - lamp biomi- 
croscopjr ttie1.e w n m  f i n e  puncta te  o p a c i t i e s  and an o c c a s i o ~ m l  vacuole 
irmedilit.ely bcneath the a n t e r i o r  capsule ,  T h e  most marked ctianges were 
jn t1,e p n s i c r i o r  zone of the  l enses ,  appxrent ly  i n  t h e  capsules ,  and con- 
s i s t e d  of' a niassirlg of  p a n i i l e s ,  sume of  which were s c i n t i l l a t i n g  and a 
few of irliich were poPjchi~ornatic. These were most marked c e n t r a l l y  and 
faded out  periphcrnlward but bere de t ec t ab le  t o  some ex ten t  a.s f a r  as 
coiild l ,e seen i n  til,: slit-lanir: beam. 
c l e a r  m d  showcd no unusual r e f l e c t i v i t y  o f  t h e  l e n t i c u l a r  laminae. 
wa:j 1 1 ~  r edup l i ca t ion  of t h e  pos te r ior  l e n s  such as  occurred i n  sevdra l  
o t l i e ~  ptiwit,s of the  preseii t  s e r i e s .  

The c o r t e x  and nuc le i  were e n t i r e l y  
There 

I J a t x a c t  i;ise #? 

;\.A,- 

-- 
' 2  

The p t i - n t  w?s a 13-year old girl, companion of t h e  preceding 
p a t i e n t .  
s ide  j~n t h e  forblard p a r t  01 s t r e e t  c a r  d i r e c t e d  toward, and a t  c5O meters 
from Ihe  llypocenter. 
rece ivrd  no lwrns o the r  than t h a t  of t h e  face and l e f t  am. ' Her eyes were 
said t,, 113ve been so re  a f t e r  t h e  bombing, but  t h e  swel l ing of t h e  face  f o r  
t h e  first week or so masked the ocu la r  s igns.  After one week, t h e  p a t i e n t  
developed f e v w  (iiOo C) and bleeding from t h e  gums, l a s t i n g  f o r  one week, 
bu t  qo d ia r rhea  or  petechiae.  
hmb,  she began to l o s e  her  s ca lp  h a i r ,  and within a few days she became 
coinple te l j  bald an? remained so f o r  six months. Her eyebrows rand eye- 
l a shes  had been l o s t  by the  f l a s h  burn. The p a t i e n t ' s  menses began a t  
t h e  ar,e of 17, two y e w s  a f t e r  the explosion. 

l i t  t.11.i time 01 t h e  explnsion,  t h e  two were s tanding s i d e  by 

She was wearing t h e  Japanese mompe a t  t h e  time and 

Approxtmately two weeks a f t e r  t h e  atomic 

i zcep t  f o r  t h e  f i r s t  few days, t h e  p a t i e n t  had no sub jec t ive  ocular  
Jlie reported f o r  exmina t ion  only on r eques t  and bel ieved h e r  spp toms .  

eyes  t , ~  be normal. 

i , . U .  20/?clf3; I;.::. ZO/l5'3. The only abnornwl i t ies  evident  i n  t h e  eyes 
were j i i  t h e  l enses .  
opac i ty ,  i n  t h p  pos t e r io r  p a r t  of both l e n s e s  occupying a 2 mm. zone and 
having jagged blit well dsi ' ined edges. 
seen ou t s ide  of t h i s  c e n t r a l  zone. 
opac i ty  was see11 t o  be i n  t h e  p o s t e r i o r  capsule ,  occupying t h e  whole 
th i ckness  of tha capsule  i n  t h e  a.xial region and occupying t h e  a n t e r i o r  
and poster ior-  f a c e s  o f  t h e  capsule  in t h e  per iphery of t h e  opxci ty .  
a r e l a t i v e l y  c l e a r  l a y e r  betileen t h e  two opaque laminae could be made 
out  i n  pl.aces. There were occas iona l  polychromatic c r y s t a l s  i n  t h e  
opac i ty  and a few vacuoles j u s t  a n t e r i o r  t o  the  pos t e r io r  capsule;  these 
appeared t o  s e p i r a t e  t h e  capsule  from t h e  cortex.  The a n t e r i o r  po r t ion  
of' t ,hc  l e n s e s  showed seve ra l  f i n e  punctate  o p a c i t i e s  imniediately beneath 
t h e  c ipsu le ,  but  no vacuoles. 

l i n r  v i s u a l  a.cuity without  co r rec t ion  was: 

~4y ophtlialmcscopic cxamin?tion t h e r e  xas an a x i a l  

k fw punctate  d o t s  could lle 
By s l i t - lamp biomicroscopy t h i s  

Thus 
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Cata rac t  Ca,se ?:!3 (Referred by Dr.  11. I k u i )  

T.H.3 The p a t i e n t  was a 2 1  year  old man who w a s  a l s o  i n  t h e  forward p a r t  

He VAS apparent ly  standing j u s t  behind 
of t h e  s t r e e t  c a r  i n  which t h e  previous two p a t i e n t s  were standing, a t  
850 meters from t h e  hypocenter. 
t h e  o ther  two. 
were blown o f f  by t h e  b l a s t  but he was not  knocked down and d i d  not l o s e  
consciousness.  
from f l y i n g  g l a s s  p a r t i c l e s .  
but  t h a t  he  was ab le  t o  remain f o r  approximately 15 minutes t o  he lp  
e x t r i c a t e  the  in jured ,  and only then f l e d  on account of t he  f i r e s .  
i n  a few hours, however, he developed extreme t h i r s t ,  nausea, vomiting, 
d i a r rhea ,  and weakness. These symptoms pe r s i s t ed  f o r  about two weeks. 

He was dazzled by the  f l a s h  of l i g h t  and h i s  g l a s s e s  

He received no burns but d i d  have mul t ip le  l a c e r a t i o n s  
However, h i s  i n j u r i e s  were n o t  so g rea t  

With- 

Two weeks a f t e r  t he  explosion h i s  h a i r  began t o  f a l l  out ,  and wi th in  
t h r e e  days'  tiinc he w a s  coinpletely bald.  
weeks l a t e r .  

H i s  h a i r  began t o  r e t u r n  seven 

T h e e  weeks a f t e r  t he  explosion he developed some pe techiae  and a 
The mucous 

There was severe 
f eve r  (40' C )  and malaise  which continued f o r  t e n  days. 
menhrane of t h e  mouth turned white and sloughed o f f ,  
aching of t h e  t e e t h  where they were exposed by t h e  l o s s  of t he  mucous 
mernbrane. 

The p a t i e n t  then developed a severe d ia r rhea ,  wi th  of fens ive  odor 
t o  h i s  st,ools, which pe r s i s t ed  f o r  s eve ra l  weeks. 

h h i l e  rece iv ing  vitamin i n j e c t i o n s ,  he developed mul t ip l e  boils a t  
t h e  s i t e s  o f  i n j ec t ion .  

P'our months a f t e r  t h e  explosion, t he  p a t i e n t  developed some s o r t  of 
conjunct iva l  discharge t h a t  p e r s i s t e d  f o r  one month. 
exmined  th ree  days p r i o r  to this and the  eyes were sa id  t o  have been 
noimal. 

He had had h i s  eyes 

A white blood c e l l  count taken a t  t h i s  time was 6,@00. 

bxcept f o r  the  above, t h e  p a t i e n t  had no complaint r e f e r a b l e  t o  h i s  
eyes u n t i l  approximately two yea r s  and t,hree months a f t e r  the  bomb, when 
he began t o  have d i f f i c u l t y  i n  reading,  e s p e c i a l l y  i n  the  sun. Three 
months a f t e r  t h e  onset ,  he was t o l d  by an ophthalmologist  t h a t  he had 
p o s t e r i o r  po lar  c a t a r a c t s ,  but  t h e  visual  a c u i t y  i n  each eye was 1.2. 
Vision d e t e r i o r a t e d  r ap id ly  t h e r e a f t e r ,  and six months a f t e r  t h e  onse t  
a c u i t y  was 0.1). Q.1 (20/2OO) and O.S. 0.01 ( 2 / 2 0 0 ) .  A t  t h i s  time D r .  
I k u i  examined h i m  and found i n  both eyes a powder-like opac i ty  under t h e  
pos t e r io r  capsule which, by r e f l e c t e d  l i g h t ,  looked l i k e  t h e  sur face  of 
mica, Two months l a t e r  the  pos t e r io r  subcapsul.ar opac i ty  had increased,  
and the  v i s u a l  a c u i t y  w a s  0.1). 0.05 (10/20@) and O.S. 0.04 (8/200).  

?%mination a t  the  present  time, four  yca r s  a f t e r  t h e  explosion and 
two yea r s  a f t e r  t h e  onse t  of  t h e  v i sua l  complaint, showed t h e  following: 
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Dp op!it.iinlmoxcpy, the  l e n s  of t h e  r i g h t  eye showed an i l l -de f ined  
~ 5 ~ ~ 1  ,vp‘cit,y alrrvlit /+ mi. i n  diameter s i t u a t e d  i n  t h e  p o s t c r i o r  ,urt 
o f  t h c  lcn.: an<] surrounded ty p n c t a t . c  op’icit ics diiqinisliing toward 
t h c  p?riph.-.ry. Th? l e f t  eye shgwed nn opac i ty  o f  s i m i l a r  s i z e  a i d  
type but having :i d j - s t i~nc t  douglinut shape w i t h  a r e l a t i v e l y  c1e;irer 
corie i n  t i l , .  c e n t s r .  i:y sLi.t-lamp 1,iomicroscopy of t h e  r i g h t  eye, t h e r e  
were .z f m i  puiict,:tte r,:”citk s and a few vacuoles i n  t h e  a n t e r i o r  suh- 
cnpsrilar reqion and many t i n s e l - l i k e  o p i c i t i e s  and an occasional  
vacuole w i t h i n  f h . 2  capsule  i n  t h e  c e n t r a l  a r ea  over :J l+ mm. zone and 
n fe:: do t - l ike  c p c i t i e s  j.n t h e  environs.  The l e f t  eye showed s i m i l a r  
f i i idings,  h u t  the  douchnut-shaped d i s t r i b u t i o n  of  the  o p a c i t i e s  seen 
opiit:i.zL.r.iscor:ical~ was l e s s  evident  w i t h  the biomicroscope than  i t  had 
been w i t h  tli? ~p l~ th - l l r~~oscoue .  

‘The fuiidi were w e l l  see11 throu[,ti d i l a t e d  pup i l s ,  and t h e  r e s t  of 
e..,.- was c n t i r c l y  ncamal. 

Ca ta rac t  Cdse f4 (;Leferred hy i k .  ! I .  Iku i )  

U,1,.4 l h e  p a t i e n t  was n 22 year  uld man who was i n  t h e  open and 700 meters 
frofi t h e  hypocenter a t  t!ie t ime  of  the  explosion. fie was aware of the  
f l a s h  of l i i , l i t  snd was then pinned under a f a l l i n g  bui lding.  h%ether or  
no t  h e  was sh ie lded  from thc  btnb i s  not  known, hut  he received no thermal  
burns ani1 i s  the re fo re  L,elieved t o  have been shielded by a wooden house. 
lmriii!. t!ie first, 2/+ hours  !le had no a p p e t i t e  and vomited seve ra l  times 
but  was othcrsrise well .  

i,iineteeri dzys a f t e r  t h e  bomb, tlie r a t i c n t  began to lose  his s c a l p  
hair, a d  within une wc~?l; he was completely bald. On the  twent ie th  day 
a f t e r  t h e  boiiib, t h c  p a t i e n t  deve1op.d pe techiae  and a cough, w i t h  bleed- 
ing  f r o m  t h e  I I O S C ,  g m s ,  and t h r o a t .  
The p i i e i i t  was t r e a t e d  b i t h  in t ramuscular  i n j e c t i o n s  of  his own blood. 
The blcedinf; stopped by t h P  2‘7th day. 
t i j r  C;radu,?.lly re turned  on his head and was s&j.d t o  be normal i n  f i v e  
months time. 

There was, however, no  riiarrhea. 

IJo leucocyte  count was done. The 

m 
L i i e  pat.ient. was riot ,xvwi’e of an;r v i s u a l  d i f f i c u l t y  u n t i l  2; yea r s  

af ier  the atomic bcnib when i t  vas found t h a t  h i s  visual a c u i t y  could n o t  
be improved hj j~ . lasses .  
s:en by i k .  l k i i i  f ou r  yea r s  a f t e r  the  atomic ix7mb, a t  which t i n e  Uie 
f ind ings  were tlie smie a s  recorded by u s  ont  month l a t e r .  

He had no ophtha lmolo~ica l .  examinat,ion u n t i l  

?;x,mination s!~ows the follnwing : 

L{y ophttistmscopy of  the riclit eyc;, a stsr--shaped o p s c i t y  w a s  evi-  
dent  i n  tile p o s t e r i o r  p a r t  of t h e  l e n s ,  i t s  c e n t r a l  por t ion  beinG ap- 
p i - o x i m t n l y  2 mi:. i n  d i m e t c r  and onc po r t ion  of t h e  o p c i t , y  extcnding 
ap:mxiniately 2 m:n. from t h e  c e n t e r ,  
o p x i i i e z  exte:iuiiy toward ttie pcriphcry.  The l e f t  eye was p r a c t i c a l l y  
ident ic t i l .  

There were also f i n e  punctate  

I r i  n e i t h c r  cy.: was t h e r e  a doughnut shape t o  t h e  opaci ty .  
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Ey s l i t - lamp bioinicrotcopy t h e r e  were s e v e r a l  punctat,e subcapsular 
o p a c i t i c s  and occasional  vacuoles i n  t h e  a n t e r i o r  c o r t e x  of both lenses .  
The r , o s t  conspicuous abnormal i t ies  were i n  t h e  p o s t e r i o r  capsule ( n o t  
co r t ex )  where t h e r e  were t i n s e l - l i k e  opac j - t ies  i n  a 3 mm. zone, more 
or less star-shaped, and s e v e r a l  vacuoles i n  t h e  e c c e n t r i c  por t ion  of 
t h e  opaci ty .  
two l m i n a e .  

In n e i t h e r  eye was t h e r e  a s p l i t t i n g  of t h e  opac i ty  i n t o  

The p a t i e n t  was seen abain one month l a t e r  because ViSllal a c u i t y  
i n  t h e  r i g h t  eye had decreased t o  0,!+ (20 /70)  (it was s t i l l  0.4 (20/30)  
in t h e  l e f t  eye).  Examj.nation showed t h e  same type of  o p c i t y  as  noted 
previous ly  and poss ib ly  some jncrease  i n  t h e  opac i ty  of t h e  r i g h t  eye. 

Ca ta rac t  Case #5 

T.i7.5 

- _--~ 

The p a t i e n t  was a 17 year  o l d  boy who was a t  t h e  Ilagasaki Technical 

Of t h e  100 o r  
:School a t  t h e  time of t h e  bmbing (550 meters  from hypocenter) ,  s i t t i n g  
a g a i n s t  a wooden bu i ld ing  on t h e  s ide  away from t h e  bomb. 
so s tudents ,  a l l  t iut  poss ib ly  one o t h e r  are bel ieved  to  have been k i l l e d .  
Following the explosion,  t h e  p a t i e n t  had photophobia f o r  two t o  t h r e e  
minutes.  
a b l e  t o  e x t r i c a t e  liimself and f l e e .  There was n o  l o s s  of consciousness.  

He received no burn, bu t  t h e  bui ld ing  f e l l  on him. He was 

Two weeks a f t e r  t h e  bomb t h e  p a t i e n t  began t o  l o s e  h i s  s ca lp  h a i r  
and he bec.mie c@mpletely ba1.d wi th in  a few weeks. 
any, l o s s  of eyebrows and none o f  c i l i a .  
b lck  i n  th ree  months' time hut  was white  and later i s  saic! t,o have f a l l e n  
out  again.  

There was s l i g h t ,  i f  
His head h a i r  began t o  grow 

Three weeks a f t e r  t h e  honb explosion, t h e  p a t i e n t  developed malaise ,  
fever ,  swel l ing of  t h e  fclce and a sore  t h a t  " ro t t ed"  through h i s  cheek. 

The p a t i e n t  was hosp i t a l i zed  a t  Oshima C o a l  &lining Hospi ta l  where 
tile blood count i s  sh id  t o  have been low. 

The p a t i e n t  denied any fo re ign  body s e ~ i s a t i o n  i n  h i s  eyes  a f t e r  the 
bombirii:, e i t h e r  inmediate or  delayed. klt,houEh i n  a tec i ln ica l  school,  
t h e  p a t i e n t  had had nc con tac t  with x-rays and gave no h i s t o r y  of e lec-  
t r i c  shock. 

The f irst  d i f f i c u l t y  w i t h  t h e  eyes was noted about six months a f t e r  
t h e  bomb when he couldn ' t  s ee  a i r p l a n e s  i n  the  a i r .  
an ophthahnologis t  one year  l i f t e r  the bomb, and c a t a r a c t s  were found. 
The v i s u a l  a c u i t y  a t  t h a t  time was 0.U. 0.20 (ZO/ lOO) ;  0.S. 0.6 ( 2 @ / 7 0 ) .  
Acuity gradual ly  becane worse, and i n  June 19/+9 it was 0.i). 0.Ob (10/200) 
and 0.5. Ci.6 (20/70) .  

;?xaminat,ion : 

0 , U .  white and quie t .  

He was examined by 

The a n t e r i o r  segments were normal except for  
t h e  lenses ,  wt~ich showed the  following changes i n  both eyes. The ah- 
no rma l i t i e s  were most a p p r e n t  i n  t h e  re&n of t h e  a n t p r i o r  2nd p w t m i o r  

5 1.I.i'. No. - none. Case reported by liirose, K. ,  Kyushu Ophthalmo- 
l o g i c a l  Society,  Sept .  23, 19/+Y. 
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capsules .  
c m i r a l  z m e  not  morc than 4 nrn. i n  diameter .  It was most dense ax ia l -  
ward anrl faded cu t  peripheralward. 
polychrcmatic c r y s t a l s  and an occas iona l  vacuole, but a l l  tlie changes 
wcre l k , i t e d  t o  the  capsule  o r  t o  t h e  immediate suto3pJlar zme. The l e n s  
c o r t e x  and nucleus were c l e w ;  there  were n o  evident  l e n s  su ture  l i n e s  
and no unusual d e m r c a t i o n  of t,lie zones of r e f l e c t i v i t y .  The pos t e r io r  
c3pmlr:  slioi:ed a similarly gronidar  o p c i t y  but  more ex tens ive  than 
i n  tlie case of t h e  a r i te r ior  capsule.  
the post .er ior  capsule occurred i n  a zone approximately 5 nun i n  diameter 
prrxluciiig a douL;hnut-shaped black r e f l e x  by ophthalmoscopy. 
t h e r e  'were j;rmulYr op?.ci t ies  of  the p o s t e r i o r  capsule  extendin& as f a r  
as c o u l i  be seen. 
11.Lsc-like opicit:: cc1xlrd be 
a t  t h e  rd!;e of t h e  d i s c  and s e p m t e d  i n  the  c e n t r a l  pos t e r io r  yc r t ion  
of the  d i sc  by R r e l a t i v e l y  c l e a r  zone approyimat.ely 0.5 mm thick. ,  
p o s t i r i o r  lamina m s  continuous w i t h  t h e  pos t e r io r  su r face  of the  l e n s  
w l d e  t h e  a n t e r i q r  lamina was more of a radian.  I t s  a n t e r i o r  face wils 
s1i~;I i t ly  irreF-,ular I u t  never the less  sharp ly  demarcated from t h e  r e s t  of 
t h e  c o r t r x .  
t h a t  i n  the p u s t e r i o r  capsule  contained many s c i n t i l l a t i n g  c r y s t a l s ,  but  
p s s i h l y  fewer havinl, polycliromatic r e f l e c t i o n s .  Considering t h e  pos- 
s i b i l i t y  that t h e  c e n t r a l  r e l a t i v e l y  c l e a r  i n t e r v a l  between t h e  two 
laminae n i g h t  be t!ie resvlt of fusion of vacuoles t o  form a f l u i d  zone, 
s p e c i a l  a t t e n t i o n  was d i r e c t e d  toward t h e  presence o f  vacuoles or a 
f l u i d  l e v e l .  Iirit.lier was seen. 

The . a n i ~ r i o r  capsule $!?owed a g ranu la r  opac i ty  l i m i ~ t p i  t o  a 

idithin t h i s  a r e a  t h e r e  were n3ny 

The most marked opac i f i ca t ion  of 

Pe r iphe ra l ly  

, i i t h  t ,he narrow beam o f  t h e  s l i t - lamp,  t h e  cent.ra1 
seen t o  he made up of two laminae fhsing 

The 

As i n  t h e  c3se o f  the o p a c i t y  i n  the a n t e r i c r  capsule ,  

Ca ta rac t  C;A~.: ,lt. 

h 
' I!.It. P a t i e n t  was a 37 ycar  o l d  woman who was walkinG on t h e  s t r e e t  950 

meters  I'nn t h e  Iypocenter  a t  the time of the  bomb explosion and b e l i e v e s  
she was shielderl l,y liouses and hy  an open umbrella. The buildinc;s a r e  
be l ieved  t c  have tweii two-story s t r u c t u r e s  wi t!i !xmlmo-imd wal1.s. Tlhe 
p a t i e n t  wzs t!rowri t o  the ~;roimd hy the blast  and was covered w i t h  f a l l -  
ing  de!iris. She suf fered  l a c e r a t i o n s  of  her  l i e d ,  wrist, a n d  hack but 
was not  Luriied. She e x t r i c a t e d  h e r s e l f  from t h e  f a l l e n  h i l d i n g s  and 
f led .  t i i t h i l l  a few hours, Iiowever, she vomited, became very weak, and 
voided hloody ur ine .  

O n  acccunt of weakness, t h e  p a t i e n t  went to bed and remained bed- 
ridden f o r  two months. 
f eve r ,  Fekckiiae cvcr  the  abdomen, and h e r  h a i r  began t o  f a l l  o u t .  The 
e p i l a t i o n  proCressed t o  c m p l e t e  baldne PS, and permanent h a i r  d i d  not  
r e t u r n  J'or approximately t en  months. The eyebrows a r e  a l so  s a i d  t o  
have I:ecornk t!iin, l iut  no abiioimality was noted w i t h  the eyelashes.  
Visual  ciciiity, whicli vas  normal  p r i o r  t o  t h e  atomic tmomh, is s a i d  t o  have 

It i s  uncer ta in  whether v i s u a l  acui-ty 

About one wek a f t e r  t h e  explosion, she developed 

becomc~? poor nile month af terwards.  
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decreased g radua l ly  a f t e r  t h a t  o r  no t ,  bu t  t h r e e  y e a r s  after t h e  
atomic bomb she found she could no longer  read t h e  newspaper. That 
was one year  p r i o r  t o  t h e  present  examination, and t h e r e  h a s  been no 
apprec iab le  worsening of v i s ion  s ince.  
of k e r a t i t i s .  

A t  no time were t h e r e  symptoms 

The orily s i g n i f i c a n t  abnormality i n  t h e  h i s to ry ,  o t h e r  than  t h a t  
noted above, i s  amenorrhea s ince  t h e  atomic bomb. 

Lxaminaticn of t h e  eyes showed no abnormality o t h e r  than t h a t  i n  
t h e  l e n s s s .  

Oplithalmoscopic examination showed i n  both eyes a d i sco id  opnci ty  

These o p a c i t i e s  were a p p r o x i m t e l y  l+ mn i n  diameter  with a 
having a c h a r a c t e r i s t i c  doughnut shape i n  t h e  pos t e r io r  po le  of both 
l e n s e s ,  
perip1i::ral r i m  1/2 mn wide being denser  than t h e  rest. 'The c e n t r a l  por- 
t i o n  of t h e  opaque area  was granular ,  and severa l  vacuoles  could be seen 
i n  the  o u t e r  edge of the d i sc .  
t h e  d i sc ,  b u t  t hese  decreased peripheralwards,  and beyond a c e n t r a l  6 mm 
zone t h e  l e n s e s  were c l ea r .  
and vdcuoles a x i a l l y  in the  most a n t e r i o r  po r t ions  of t h e  l enses ;  these  
were j u s t  v i s i b l e  w i t h  t h e  ophthalmoscope. 

By biomicroscopy the re  could be seen 10 - 20 vacuoles and many f ine  

There were a few puncta te  d o t s  ou ts ide  

There were a l s o  f i n e  puncta te  o p a c i t i e s  

d o t s  i n  t h e  a n t e r i o r  subcapsular cor tex.  Sane of the vacuoles may have 
been w i t h i n  the  capsule .  The p o s t e r i o r  capsules  showed a d i f f u s e  and 
s c i n t i l l a t i n g  opac i ty  corresponding t o  the  c e n t r a l  d i s c  seen ophthalmo- 
scopica l ly .  With t h e  focussed beam, this opac i ty  could be seen t o  be 
made up of two laminae, scpara ted  by a r e l a t i v e l y  c l e a r  i n t e r v a l  having 
the  approximate th ickness  of t h e  p o s t e r i o r  capsule ,  and fused a t  t h e  
regj.or1 corresponding t o  the o u t e r  rini o f  the doughnut opaci ty .  Severa l  
Folychromatic p a r t i c l e s  and a few vacuoles could be seen i n  t h e  a n t e r i o r  
lamina. The opaque laminae were sharp ly  de l imi ted  from t h e  overlying 
cor tex ,  and t h e  r e s t  o f  the lens was e n t i r e l y  c lear .  

Ca ta rac t  Case E7 

S.F. 'I The p a t i e n t  was a 20 year  o l d  boy who, a t  t h e  time of t h e  atomic 
bomb explos ion ,was  s tanding  on t h e  s t r e e t ,  800 meters  Irom t h e  hypo- 
cen te r .  He i s  thouGht t o  have been shielded by a wooden house, He was 
watching t h e  a i rp l anes ,  whicii had a l r eady  dropped t h e i r  bomb load, w!ien 
he s a w  a f l a s h  and was knoc!ced unconscious. How long  he was unconscious 
i s  not  known. 
lie had sone nausea arid vomiting during t h e  f i r s t  t h r e e  t o  fou r  days but 
no delayed r a d i a t i o n  sickness.  
a t  t h e  time of t h e  explosion, d i ed  18 days l a t e r  wi th  mul t ip l e  i n j u r i e s  
and r a d i a t i o n  s ickness .  The p a t i e n t ' s  b ro ther ,  who was in t h e  ad jacen t  
house, d ied  inunediately, an3 h i s  mother, who was a l s o  i n  t h e  house, died 
16 days l a t e r  from i n j u r y  and r a d i a t i o n  sickness.  
gun a t  t h e  time of her  death.  

He received mul t ip l e  mechanical i n j u r i e s  bu t  no burn. 

The p a t i e n t ' s  f a t h e r ,  who w a s  w i th  him 

Ep i l a t ion  had j u s t  be- 

7 I..Y. No. 236647 
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The p a t i e n t  vas i f i s e n t i a l l y  bed-ridden f o r  six months on account 
of i n j u r i e s .  
rmnth a f t e r  t h e  explosion, nnd was bald fo r  f i v e  months. However, he 
had no symptor:is of ra i l ja t ion  sicltness,  and e igh t  months a f t o r  t h e  ex- 
plosion lie was able t c i  r e t u r n  t o  school.  

lie lest :ill s c a l p  h a i r  and cyebrows, beginnine about  one 

Ilr t i : ~ I  nc comp1:~int r e f e r a b l e  t o  h i s  eyes u n t i l  two and one-half 
y e a r s  a f t w  t h e  explosion when tie began t o  no te  b lu r r in&;  v i s i o n  had 
{,raduall.y f a i l e d  s ince  t h a t  t in?.  

~ ~ : m i n ~ t i o n  of the  eyes a t  t h e  present  time showed Uie fol lowing:  

Vision: 0.0. 2o/;U0; 0.5. 20/20@. 

opht.halmoscc~e, o p a c i t i e s  were seen i n  the  p o s t e r i o r  p a r t  of t h e  
lmses  o f  both cyes  w i t h  r m x i m l  d e n s i t y  i n  a small c e n t r a l  d i s c  approx- 
imately 3 mn. i n  dinmeter,  
1:. inore t r a n s l u c e n t  i n  t h e  a<d?il region,  forming a doughnut-shaped 
o p i c i t y .  
c e n t r a l  d i s c  t o  t h e  per iphery.  

T h i s  d i sc  had i r r e g u l a r  edges and was s l i g h t -  

There wsre many p n c t a t e  o p a c i t i e s  r a d i a t i n g  out  from this 

By s l i t - lamp biomicroscopy, t h e  c e n t r a l  d i s c  was made up of a dense 
pos t e r io r  po r t ion  corresL>onding t o  t h e  curve of the  p o s t e r i o r  capsule  
and an a n t e r i o r  por t ion  bowed forward with'a r e l a t i v e l y  c l e a r e r  zone i n  
between. 
underlying c o r t e x  and ms much less dense than t h e  pos t e r io r  por t ion .  
Toward t h e  per iphery  o f  t h e  d i s c  t h e  a n t e r i o r  and p o s t e r i o r  po r t ions  be- 
came fused i n t o  a s ing le  opaque lamina which decreased ab rup t ly  toward 
t h e  per iphery,  
and s c i n t i l l a t i n 6  h igh l igh t s .  
o p a c i t i e s  i n  j.ts axial zone and numerous subcapsular vacuoles. 
was, however, no o p c i f i c a t i o n  of t h e  co r t ex ,  and the l e n s  nucleus was 
e n t i r e l y  c l e a r .  

The po r t ion  bowed forward was sharp ly  demarcated from t h e  

The opac i ty  had a g ranu la r  t e x t u r e  with many polychromatic 
The a n t e r i o r  capsvle a l s o  showed many f i n e  

There 

The r c s t  of the eyes appeared e n t i r e l y  normal. 

i k t a r a c t  Case 

S.Y. 8 The p a t i e n t  was a 59 year  o l d  man who, a t  the time of t h e  explosion, 
wns i n  a wooden house 690 meters  f rom t h e  hypocenter. 
l i e v e d  lie was protec ted  by t h e  roof ,  which was made of  t i l e .  He has 
knocked down by t h e  b l a s t  'cut received no  i n j u r y  and had no a b n o r m l  
symptoms f o r  t h e  f i r s t  month a f t e r  t h e  explosion. 
was n o  fevw,  no unusual d ia r rhea ,  no vomiting, pe techiae  o r  o t h e r  evi-  
dence of bleeding.  There was no  photophobia, redness,  watering, o r  
foreiDi-body sensz t ion  o f  t h e  .cy?s. 
b c p n  t o  l o s e  h i s  hair and w n s  completely bald f o r  two months. 
no not, iceable l o s s  o f  eyebrows or eyelashes.  

The p a t i e n t  be- 

S p e c f f i c a l l y ,  t h e r e  

One month a f t e r  t h e  explosion he 
There was 
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The only noteworthy even t s  i n  t h e  p a t i e n t ' s  p a s t  medical h i s t o r y  
vas gonorrhea a t  the age of 20 and c h r m i c  d i a r rhea  fo r  the  p a s t  s e v e r a l  
years ,  both ;2rercding and following the e q l o s i o n  of t h e  atomic bomb. 
h i r i n g  a per iod of exacerbat ion of t n r  diar rhea ,  one year  a f t e r  the 

bomb, t h e  p a t i e n t  was given seve ra l  t rea tments  i n  the  l e g  w i t h  
" I W '  . x t  soxe i n d e f i n i t e  t i m e  I n t e r ,  probably severa l  months, t h e  
p a t i e n t  i s  sa id  t o  have developed pa in l e s s ,  non-tender swel l ing of h i s  
knees and progressive d i f f i c u l t y  i n  walking, 
a b l e  to € e t  around only  w i t h  the  a i d  of crutches.  

A t  t h e  present  t ime he i s  

P r io r  t o  t h e  atornic bomJ and f o r  some tkne a f te rwards  t h e  p a t i e n t ' s  
on ly  ocu la r  sjmptotns were those of presbyopia. Beginning one and one- 
ha l f  yea r s  ago, t h a t  i s ,  two and one-half yea r s  a f t e r  t h e  atomic bomb, 
he began t o  n o t i c e  diminution i n  v i s u a l  a c u i t y ,  and this has gradual ly  
worsened t o  t h e  present .  

Xxamination: Visual  acuit ,y:  O.D. 20/200 improved t o  20/70 

0.2. 3/200 improved t o  6/200 
w i t h  pinhole 

with pinhole  

By ophtha lmscopic  e=%nination, the  r&ht eye showed an egg-shaped 
opac i ty  approximately 7 m i n  diameter,  s i t u a t e d  i n  t h e  a x i a l  por t ion  
of t h e  p o s t e r i o r  p a r t  of the  l ens .  W i t h i n  t h i s  opac i ty  were th ree  r e l a -  
t i v e l y  c l e a r  a r eas ,  each about 3 nun in diameter. 
werc jaggca hut  neve r the l e s s  f a i r l y  c l e a r  cu t .  
per iphery t h e r e  were many f i n e  d o t s  but no consol ida ted  opac i ty .  Some 
f ine d o t s  could a l s o  be made o u t  i n  t h e  most a n t e r i o r  po r t ion  of .the l ens .  
'The l e f t  eye showed an opac i ty  s i m i l a r  t o  t h a t  i n  the r i g h t  eye cxcept 
t h a t  t h e  whole ,axial  reg ion  was r e l a t i v e l y  l e s s  dense than t h a t  of the  
pcr iphery ,  forming a c h a r a c t e r i s t i c  doughnut shape with a c e n t r a l  c l e a r  
a r ea  approxkiiately 5 mm i n  diameter.  

The edees of t h e  opac i ty  
Far ther  toward t h c  

By s l i t - l a n p  biomicroscopy, t h e  ch ic f  opac i ty  was found t o  be i n  
t h e  p o s t e r i o r  capsule o r  j u s t  i n  f r o n t  of it and was approximately 
symnet,rical i n  t h s  twoeyes. The opac i ty  coos i s t ed  of  a golden yellow 
r e f l e x  having many s c i n t i l l a t i n g  h i c h l i g h t s  and a f e w  polychromatic 
c r y s t a l s .  Ily  sharp f o c a l  i l l umina t ion  t h e  opac i ty  appeared in places  
t o  c o n s i s t  of two laminae s e p r a t . e d  by approximately the width of  t h e  
pos t e r io r  capsule .  
arnount of t h e  pos te r ior  lamina. 
an t ,e r iur  sur face  of t h e  capsule ,  thc opac i ty  showed no apprec iab le  ex- 
tens ion  i n t o  t.hc cor tex .  
o p a c i t i e s  i n  t h e  a x i a l  zone. 
neath t h e  a n t e r i o r  capsule  but d i d  n o t  form any consol ida ted  opaci ty .  
I luclear s c l e r o s i s  b i a s  r r e s e n t  t o  some degree i n  both eyes b u t  w a s  much 
more iiiarked i n  t h e  l e f t  eye and was s u f f i c i c n t  t o  account f o r  much of 
t h e  reduct ion  i n  v i s u a l  acu i ty .  

The a n t e r i o r  lamina had approximately double t h e  
S i t u a t e d  i n  o r  j u s t  i n  f r o n t  of t l ~  

The a n t e r i o r  l e n s  region a l so  showed f i n e  
These cons i s t ed  of punctate  d o t s  j u s t  bc- 

9 Imxa cautery  
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Ikcept  for  t.liese lens chanCcs and for the  lower h a l f  of each cornea, 
which showed cons iderable  k e r a t i t i s  e p i t h e l i a l i s ,  t h e  rest of t h e  eyes 
was normal. 

General  phys ica l  e+min.ltion of t h e  p a t i e n t  showed a s p a s t i c  para- 
p le&ia  whicli was preswned t o  be due t o  an expanding l e s i o n  of the  sp ina l  
cord  u r  t o  r i u l t i p l e  s c l e r o s i s  and ilias probably not  r e l a t e d  t o  r a d i a t i o n  
frun: the atomic bomb. 

L- 

S.K." The p-lt ient was a 28 year  o ld  man who, a t  t h e  time of t h e  explosion, 
was on t h e  f i r s t  f l o o r  of a one-story wooden house ( t i l e  roof )  670 meters 
from the  hypocenter. 
l a c e ~ a t i c ~ n s  from glass  ht no burns. 
fever ,  malaise ,  pharyngi t i s ,  and petechiae which l a s t e d  about one week. 
i3eginning about, two weeks a f t e r  t h e  explosion, the  p a t i e n t  began t o  l o s e  
liis h a i r  and was completely bald f o r  t h r e e  months. 
l a shes  a r e  a l s o  s?id t o  have come ou t .  

I<@ vas knocked over  by t h e  b l a s t  and received some 
@ne week l a t e r ,  the p a t i e n t  developed 

H i s  eyebrows and eye- 

IleC:inning about. t h r e e  weeks a f t e r  t h e  atomic bomb, the p a t i e n t ' s  

Si.nce then, t h e  p a t i e n t  
v i s i o n  i s  sa id  t o  have been somewhat b lur red  for far and near ,  b u t  t h i s  
spoiitaneouslg improved seve ra l  months l a t e r .  
has had no v i s u a l  complaint, al though t h e r e  has  been some inc rease  of h i s  
mjropia. 
a id  not because of any v i s u a l  symptoms. 

Ile repor ted  fo r  t h e  p re sen t  eye examination as o survey r eques t  

The p i t i e n t ' s  past h i s t o r y  was not  r e m r k a b l e  except  f o r  some chi ld-  
hood d i f f i c u l t y  w i t h  h i s  l e g  which had r e s u l t e d  i n  permanent lanieness. 

Ixamination of t h e  eyes a t  t h e  present  t ime showed t h e  following: 

Visual. a c u i t y :  O.D. w i t h  glasses (approximately -3.00 sphere) 
= 20/1+0; pinhole  = 20/30 
U.S. with g l a s s e s  (approximately -3.00 sphere)  

20/50; pinhole  = 20/30 

uphthalmoscopic examination showed i n  both eyes a symnetrical opac i ty  
of the p o s t e r i o r  pole of the  l e n s  rneasurinl: no t  more than 1 mm i n  diameter.  
The opac i ty  had t h e  shape of an a s t e r i s k ,  w i t h  jagged edges. 
d o t s  could be made out  i n  t h e  r e s t  of  t h e  cor tex ,  extending ou t  t o  the  
per iphery,  and seve ra l  vacuoles were seen i n  the reg ion  of t h e  opnci ty .  
The op;lc, i t ies d i d  not. have t h e  doughnut c o n f i p r a t i o n .  Sl i t - lamp bio- 
microscopy showed a few f i n e  do t s  i n  the subcapsular reg ion  of t h e  
a n t e r i o r  l e n s .  These were not  d e f i n i t e l y  abnormal. The pos te r io r  c a p  
m l e ,  however, showed i n  the  axial reGion a d i f f u s e  granular  opac i ty  
liavin[; rnany s c i n t i l l a t i n c  I i ighl ights .  

A few f i n e  

The edges of t h i s  opac i ty  were 

1.0 f1.t ' .  Ilo. 234111 
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sha rp ly  demn,=.rcated from t h e  rest ,  of t h e  capsule ,  ht were,none t h e  l e s s ,  
jagged. There were n few v x u o l e s  j u s t  i n  f r o n t  of t h e  capsule ,  bu t  
t h e  opac i ty  did n o t  extend i n t o  t h e  cortex.  
t h e  opac i ty  i n t o  two laminae as  had been the case w i t h  some of t h e  o the r  
cases .  
coronary opac i t i e s .  

There was no s p l i t t i n g  of 

The r e s t  of the  l e n s  w a s  c l e a r  i n  each eye,  except for a f e w  

The qws  were othe;wise normal. 

Gatarac t  :&se ClO 

G.V. It 

-- 
P a t i e n t  wis a 45 yesr  o l d  man who was s tanding beneath t h e  t i l e d  

eaves of  his house a t  t h e  time of the atomic bomb explosion. 
f lash of l i & h t  and was then pinned uniier t h e  deb r i s .  
bu t  d i d  r ece ive  some i n j u r y  t o  his back by t h e  f a l l i n g  t imbers .  
day of the  bornh he had some nausea and vomiting but  no o t h e r  symptoms 
u n t i l  l5 days l a t e r  &;cn he developed fever ,  pe techiae ,  nausea and vomit- 
i n g  l a s t in{ ;  one t o  t h r e e  weeks. 
f a l l  out  and he bccame coiii~iletely bald.  
months l a t e r .  

He saw t h e  
He was riot burned 

On t h e  

About t h e  sane time h i s  hair began t o  
His h a i r  grew i n  again seven 

'The p a t i e n t  had always been myopic (O.U. - 5.00 spheres) ,  b u t  had 
had no unusual d i f f i c u l t y  w i t h  h i s  v i s ion  s i n c e  t h e  atomic bomb explosion; 
altllo,igh on d i r e c t  quest ioning he thought h i s  d i s t ance  v i s ion  was n o t  as  
good as  formerly.  
of any bltwrcd v i s ion .  

He had had no symptom of  k e r a t i t i s  and no awx-eness 

Jkkminirtion: Vision w i t h  g l a s ses :  

O.D. 1'?/200 improved w i t h  pinhole  to 20/50 
0. s . 20/70-1 " I, I 1  " 20/50 

My ophthahmscopy t h e r e  was ,?ti o p c i t y  clt the  p o s t e r i o r  pole of 
eacli l e n s  hnving the shape ui^ an a s t e r i s k  and being no la rger  than 1 m 
in diameter.  
r c z i o n s  than i n  o thers .  5:y sl i t - lamp biomicroscopy t h e  o p a c i t i e s  ap- 
pe:cred t o  be made up of powder-like white  f l e c k s  i n  t h e  a x i a l  reg ion  of 
t h e  posterj .or capsule  with an occas iona l  vacuoic j u s t  i n  f r o n t  of the  
caps;ule. There was no opaci- 
f i c a t i o n  of the a n t e r i o r  capsule .  

It was not  uniformly opaque, being more t r ans lucen t  i n  some 

The l e n s  c o r t e x  aiid nucleus were normal. 

The eyes sh0wi.d no ot l ie i  abnormality.  
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Addendmi V 

RI’LDIHTION HISTORY 

NAiE (Kanji)  (Romaji) 

Sub jec t ive  experience with A. R. 
Light  
lieat 
5JWd 
A i r  D h s t  
In ju ry  by s t r u c t u r e s  

In ju ry  by f i r e  

Where did you go a f t e r  t h e  explosion? 

? h e r e  were you t h r u  t h e  day 6 Aug. l ? h S ?  

Where were you th ru  t h a t  week? 

Where were you thru t h e  month following? 

Pl-F NO. 

Where Fxposed H N 

Weakness 
Mental clouding, amnesia 
! ; a l a i  s e 
Fever 

Gas t ro - in t e s t ina l  
Vomiting 
Nausea 
Anorexia 
T h i r s t  
a leeding from gums 
Sores  i n  mouth 
Angine, pharyngi t i s  
Diarrhea 
Bloody s t o o l s  

Skin 
Burns- 
Petechiae 
Ulcers  
Bo i l s  
Scars  
Ep i l a t ion  

Chanee i n  v is ion  

Hematuria 
Impotence 

Genito-urinary 
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I.. C. 

OPHTHAISIIC QUETIONNAIRE 

Dept. No. Date PI-F €10. 

1,larne: (Kanj i )  (Rom j i )  F'posed:Yes No 

I. Were you watching t h e  B-29 when t h e  bomb went of f?  Yes No ? 

11. E d  t h e  A-Bomb b l a s t  h o c k  you over? 
If so, were you knocked unconscious? 

111. iJas t h e r e  loss of h a i r ?  
eyebrow? 
eye la  shes? 

Yes N O  
Yes No 

Yes No ? 
Yes NO ? 
Yes No ? 

IV . 
V. Were any of  t h e  following symptoms present :  

ijas t h e r e  burn of  face? (redness ,  b l i s t e r s ,  loss  of sk in)  
Yes No ? 

a. Foreign body sensa t ion  i n  t h e  eyes,  Yes No 
Present  i n  both eyes 

Present  i n  both eyes 

Present  i n  bo th  eyes 

Present  i n  both eyes or  one eye? 

o r  one eye? 

or one eye? 
c. Tearing, Yes No 

or o n e y e ?  
d. Hedness? Yes N 0 

b. S e n s i t i v i t y  of l i g h t ,  Yes N O  

Time of onse t  and approximate durat ion.  
Had p a t i e n t  had s imi l a r  synptoms p r i o r  t o  August 6 th  1945? 

Yes No 

V I .  VJas t h e r e  a per iod of b l indness  ( p a r t i a l - o r  complete - ) following 
t h e  bomb. If so ,  s t a t e  time of onse t  and dura t ion .  
Present  i n  one- or both eyes- . Describe i n  p a t i e n t ' s  m r d s .  

V I I .  I!ave you been t r e a t e d  by an eye doctor  e i t h e r  immediately following t h e  
bonibine o r  s ince?  Yes €io 

If so ,  g ive  name and appro f ina t e  address? 

VIII. Do you know of  any eye d i s e a s e  which you have? Yes N 0 

O P  

Washington National Kecord Center 
Oflice of the Army Surgeon General 
Kecord Group LIZ 
Accession #: 59A - OOCq 
Box #: Lt 
File: 



tip-2 
12-9-49 

Llept, No. 

Name: (Kanji) 

V E I O N :  R.E. 

I. 

11. 

111. 

IV . 

V. 

Date 

(Roma j i )  

With pinhole  

With pihhole  L . L  

LDS : Cica t r ix :  

Ectropion: 

Itbnormality of c i l l a :  

COWFA: Pannus: 

Scar :  

Evidence of  xe ros i s :  

C O N J U W T I V A :  

N-F No. 

Exposed: Yes No 

Glasses:  Yes No 

Glasses:  Yes No 

LJII 2 : 0 p a c i t i e s : l  ( U e t a i l  abnormal i t ies  - exten t ,  pos i t ion ,  arrange- 
ment and compositions.) Accompany by sketch. 

HIGTDJA: Macular abnormali t ies2 

Other abnormali t ies3 

1. Any p a t i e n t  w i t h  l e n s  opac i ty  should be sent back far  supplementary h i s t o r y  
regarding subjec t ive  loss of v is ion  (onse t  and progression) .  

Look e s p e c i a l l y  f o r  pigmentary degenerat ive changes, ho le s  i n  r e t i n a  but  
g ive  o ther  f i n d i n g s  i n  d e t a i l .  

2. 
(e.g. drusen e t c . )  

3. S t a t e  any p o s i t i v e  f ind ings  i n  d i sc s ,  ves se l s ,  or periphery.  

O P  

Washington National Record Center 
Oflice of the Army Surgeon General 
Record Group 112 
Accession #: 5 L f A -  0064 
Box #: 4 
File: 



- 2 -  

IJid you go  t o  a hosp i t a l ?  
h'liic h? 

Yes N 0 
When? 

a i d  you r ece ive  any blood examinations? Yes No 

Did you rece ive  any t reatment  no t  a l r eady  mentioned? 

lJliere? When? 

Yes 14 0 
mat?  Where? ihen'? 

iiere you examined by any s c i e n t i f i c  group studying Radiat ion e f f e c t  
before  ARCC? Yes N 0 

Where? 
lihen? 
By whom? 
ilhhat part? 
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Subjec t ive  Symptoms Other 
Loss of of Lesions Non-ocular 

Name Vision Keratitis Ep i l a t ion  of face  Lesions Diagnosis 
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IPlPRL5SIOII : 

Date 
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imrLESs-- 

This i s  t o  c e r t i f y  that the  above named was examined on 

i n  the  ABCC Ophthalmology Clinic.  
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