
(The fo l lowing  r e p o r t  w a s  prepared on t h e  basis of i n f o r m t i o n  obtained i n  
P a r i s  between January 1 3 t h  through the 16th ,  1959. The informat ion  w a s  
suppl ied  by D r ,  Henr i  Jammet, D r ,  Danica Kalic', D r .  B r a n i s l a u  Pendi tch,  and 
Dr. Georges Mathe: as w e l l  as by o t h e r  phys ic ians  concerned with t h e  care 
of these p a t i e n t s .  
people i n  the United S t a t e s  who have s p e c i f i c  need f o r  it, 
that none of it is t o  b e  published. 
informal  conversa t ions ,  and I a m  r e s p o n s i b l e  for  any errors which have 
occurred. G. Andrews) 

The present  r e p o r t  i s  presented  t o  a l imited number of 
It is  understood 

Most of the informat ion  w a s  ob ta ined  i n  \ 

The a c c i d e n t  occur red  on k t o b . r ' 1 5 t h ,  1955, and involved six Yugo- 

s l a v i a n  workers i n  an exposure t o  neut ron  and g a m  r a d i a t i o n .  

in format ion  on  dosimetry i s  not  available b u t  it i s  believed t h a t  the to ta l  

S p e c i f i c  

doses  ranged from something over 500 r t o  above 1,000 r. The p a t i e n t s  w e r e  

t r a n s p o r t e d  t o  P a r i s  about 48 h o u r s  af ter  the a c c i d e n t ,  and most of t h e  

s t u d i e s  were done a t  t h e  C u r i e  Foundation where they  are b e i n g  cared f o r ,  

C l i n i c a l  M a n i f e s t a t i o n s  

A l l  the p a t i e n t s  developed nausea and vomit ing w i t h i n  a n  hour o r  so 

a f t e r  t h e  acc ident .  T h i s  cont inued f o r  about t w o  days. Subsequently vague 

g a s t r o i n t e s t i n a l  symptoms were prominent and have p e r s i s t e d  f o r  many weeks, 

more t h a n  i n  t h e  p a t i e n t s  exposed i n  t h e  Y-12 acc ident .  

abdomen h a s  been an i n t e r m i t t e n t  symptom. 

a f t e r  t h e  acc ident .  There w a s  a l s o  some redness  and s o r e n e s s  of t h e  mucous 

membranes which h a s  l a r g e l y  cleared up a t  t h e  p r e s e n t  t i m e .  . A  high u r i n a r y  

Soreness  of the 

Fever  was noted i n  t h e  e a r l y  hours 

output  occurred d u r i n g  t h e  first week. Some degree  of t h i c k e n i n g  of the 
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s k i n  of t h e  feet, w i t h  scaliness, was noted. There is a tendency t o  profuse 

p e r s p i r a t i o n  which s t i l l  p e r s i s t s .  

i n  genera l  was more ex tens ive  than  occurred i n  t h e  Y-12 acc iden t  victims. 

The e p i l a t i o n  d i d  n o t  fo l low t h e  p a t t e r n  of t h e  Y-12 v ic t ims ;  t ha t  is ,  it was  

E p i l a t i o n  s t a r t e d  about  t h e  1 5 t h  day and 
r 

not  p a r t i c u l a r l y  l o c a l i z e d  t o  the  back of t h e  head. 

tendency t o  preserve  a r i m  of h a i r  around t h e  scalp so t h a t  some of t h e  pa t i -  

e n t s  looked l i k e  i n d i v i d u a l s  w i t h  normal ba ldness .  

There  w a s ,  however, a 

I n  two or  t h r e e  of t h e  

Yugoslavian p a t i e n t s  t h e  e p i l a t i o n  w a s  uneven, involv ing  one s i d e  of t h e  head 

more than  t h e  other. There w a s  some l o s s  of beard and of hair on the body 

and extremities. 

A f t e r  t h e  i n i t i a l  f e b r i l e  per iod  t h e  p a t i e n t s  w e r e  afebrile f o r  v a r i o u s  

Regrowth began around t h e  9 t h  week and is not  y e t  complete. 

pe r iods  b u t  some of them developed t r a n s i e n t  febrile ep i sodes  du r ing  t h e  

first t h r e e  weeks a f t e r  i r r a d i a t i o n  be fo rz  m a x i m a l  heoa to log ic  dep res s ion  

had occurred. The exact na tu re  of t h e s z  f e b r i l e  ep i sodes  i s  not known. 

During the per iod  of greatest bone marrow depres s ion ,  s t a r t i n g  about 

t h r e e  weeks a f t e r  t h e  acc iden t ,  severe  c l i n i c a l  i l l n e s s e s  developed, charac- 

t e r i z e d  by fever and presumably by i n f e c t i o n .  A n t i b i o t i c s  were given.  One 

p a t i e n t ,  wi th  t h e  h i g h e s t  i r r a d i a t i o n  dose,  d i ed .  Another developed r a t h e r  

severe genera l ized  purpura.  Others  developed minimal hemorrhagic tendencies  

w i t h  "pink toothbrush",  etc. 

Following t h e  u s e  of bone marrow t r a n s p l a n t a t i o n  i n  fou r  of t h e  f i v e  

p a t i e n t s  t h e r e  was improvement. The f i f t h  p a t i e n t  appears  t o  be making 

spontaneous recovery.  

reasonably  good gene ra l  cond i t ion .  They a r e  up and about ,  b u t  l a r g e l y  

A t  t h e  present  time t h e  p a t i e n t s  appear  t o  be i n  

r e s t r i c t e d  t o  the  hospi ta l .  They show some degree  of p a l l o r  and e a s e  of 
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sweating. 

that  t h e y  are somewhat moody w i t h  rather i r r e g u l a r  p a t t e r n s  of emotional  tone. 

P a r t i a l  e p i l a t i o n  i s  s t i l l  obvious i n  some of them. 

They note that  they become f a t i g u e d  q u i t e  e a s i l y .  It i s  repor ted  

Hematologic S t u d i e s  

Careful and d e t a i l e d  hematologic s t u d i e s  were done. The p l a t e l e t s  were 

counted by  t h e  F e i s s l y  method. The p a t i e n t s  showed a prompt f a l l  i n  lympho- 

c y t e s  and a more gradual  f a l l  i n  n e u t r o p h i l s ,  p l a t e l e t s ,  and red cel l  Values. 

R e t i c u l o c y t e s  fell  t o  below 0.1 p e r  c e n t  on t h e  t h i r d  day i n  t h e  t w o  h i g h e s t  

dose p a t i e n t s ,  

the Y-12 acc ident  victims. There was, however, a much more severe depress ion ,  

p a r t i c u l a r l y  of t h e  granulocytes ,  

r a p i d l y ,  

The p a t t e r n  of hematologic response was very similar t o  that  of 

T h i s  depress ion  a l s o  developed a l i t t l e  more 

An i n i t i a l  l eukocytos is  w a s  not c l e a r l y  shown on t h e  charts I saw; 

however, t h e r e  was a secondary rise i n  the w h i t e  cell count dur ing  the second 

week (not  to high  va lues ,  b u t  h i g h e r  than  i t  had been a few days prev ious ly)  

presumably c o r r e l a t e d  with a n  outpour ing  of abnormal cells. 

count went down rather s t e e p l y  i n  the  t h i r d  and f o u r t h  weeks and i n  some of t h e  

Then the  w h i t e  

p a t i e n t s  t h e  t o t a l  n e u t r o p h i l s  were less t h a n  50 per  c u b i c  m i l l i m e t e r .  P l a t e -  

lets also f e l l  t o  v e r y  l o w  levels a t  about  t h e  same time t h a t  t h e  leukopenia  

was most severe. The bone marrow was not  examined as f r e q u e n t l y  i n  the Yugo- 

s l a v i a n  p a t i e n t s  as it  w a s  i n  t h e  Y-12 p a t i e n t s ,  and t h e  s t u d i e s  on the  bone 

marrow s l i d e s  are n o t  y e t  completed, There is evidence  t h a t  a good cellular 

response i s  obta ined  i n  t h e  marrow t w o  weeks a f t e r  marrow t r a n s p l a n t a t i o n .  

Bone marrow t r a n s p l a n t a t i o n  w a s  undertaken f i r s t  i n  the p a t i e n t  who sub- 

sequent ly  d ied ,  and i n  t h e  one w i t h  the second h ighes t  dose,  then  i n  a l l  b u t  

one of the others. 

bone marrow a d m i n i s t r a t i o n .  

The hematologic changes w e r e  s t r i k i n g l y  changed by  the 
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w e r e  given very  d e t a i l e d  

d i f fe ren t  factors. During t h e  per iod  when 

hazard,  t h e  personnel  w o r e  masks and gowns 

the hands i n  a n  a n t i s e p t i c  s o l u t i o n .  

care with a t t e n t i o n  t o  a 

i n f e c t i o n  was thought  t o  

and used a technique  f o r  

D i e t  w a s  v e r y  carefully winaged and d i e t  supplements i n c l u d i n g  

g r e a t  many 

be  a 

dipping  

amino 

acids were given.  

most of t h e  i l l n e s s .  

I n  general  the  p a t i e n t s  maintained a good a p p e t i t e  dur ing  

The p a t i e n t s  w e r e  given a n t i b i o t i c s  early after t h e  r a d i a t i o n ,  g e n e r a l l y  

P e n i c i l l i n  and Streptomycin,  

a n t i b i o t i c s  were used when later fever developed. 

vi tamin supplements i n c l u d i n g  Vitamin 13 Complex, Vitamin B-4, N i c o t i n i c  Acid, 

and Vitamin E-12. 

K w a s  adminis tered.  

i n  small doses  a t  c e r t a i n  p o i n t s  i n  t h e  c l i n i c a l  course,  p a r t i c u l a r l y  when the 

marrow depress ion  w a s  very severe. S t e r o i d s  have been j u s t  r e c e n t l y  stopped. 

Addi t iona l  medicat ions included C o r t i s o n e  and an a n t i b i o t i c  a p p l i c a t i o n  put 

i n  t h e  e y e s  f o r  c o n j u n c t i v i t i s ,  a sulfonamide p r e p a r a t i o n  put  i n  t h e  nose,  a 

mouth wash, and Cys te ine  f o r  t h e  h a i r .  

These w e r e  s topped a f t e r  a f e w  days;  various 

The p t i e n t s  were given 

They were a l s o  g iven  crude l i v e r  extract by mouth. Vitamin 

DOCA w a s  g iven  i n  small d o s e s  and s t e r o i d s  were given 

The p a t i e n t s  were given gainma g l o b u l i n  i n  an e f f o r t  t o  h e l p  them combat 

T h i s  i s  iinportant i n  t h a t  it makes i t  impossible  t o  evaluate t h e  i n f e c t i o n .  

normal g a m a  g l o b u l i n  levels i n  the blood. 

A s m a l l  blood t r a n s f u s i o n  w a s  g iven  t o  each p a t i e n t  s h o r t l y  a f t e r  h i s  

arrival i n  P a r i s ,  about  48 hours  a f t e r  exposure,  p a r t l y  f o r  p s y c i ~ o l o g i c a l  

reasons.  

p a t i e n t s  d i d  not receive more t h a n  one or two.  To  two or t h r e e  p a t i e n t s  a 

l a r g e  number of p l a t e l e t s  was  adminis tered on a s i n g l e  occasion.  

Subsequent ly  a f e w  a d d i t i o n a l  t r a n s f u s i o n s  were given b u t  most 
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Experience w i t h  p l a t e l e t  t r a n s f u s i o n s  i n  two of these p a t i e n t s  showed 

tha t  r e l a t i v e l y  l i t t l e  could  be done t o  raise the p l a t e l e t  levels. 

important  i n  i n t e r p r e t i n g  p l a t e l e t  levels after mar row t r a n s p l a n t .  

b i l l i o n  p l a t e l e t s  were given t o  p a t i e n t  1.10, 1, the p l a t e l e t  count rose from 

26,000 t o  50,000, b u t  three days later was d a r n  t o  19,000, I n  a n o t h e r  case 

750 b i l l i o n  p l a t e l e t s  from 12 o r  m o r e  donors  were given and the p l a t e l e t  count 

rose only  from 25,000 to 62,000. I n  s t i l l  another case, w i t h  a massive p l a t e -  

let  t r a n s f u s i o n ,  they  were eble t o  raise the  p l a t e l e t  count  f r o m  15,000 t o  

41,000. Thus it d i d  not  appear  t h a t  t h e  p l a t e l e t  counts  seen a f t e r  marrow 

i n f u s i o n  could  be due t o  the number of p l a t e l e t s  g iven  with the marrow i t se l f .  

T h i s  i S  

when 480 

Case Summary on t h e  P a t i e n t  who Died 

T h i s  young man, who had t h e  most severe r a d i a t i o n  dose, developed pro- 

nounced e p i l a t i o n  and w a s  obviously s u f f e r i n g  f r o m  v e r y  severe r a d i a t i o n  dam- 

age,  He was g iven ,  on t h e  15 th  day, some f e t a l  liver and/or s p l e e n  cells. 

T h i s  caused some temporary febrile response but  no p a r t i c u l a r l y  prominent d i f f i -  

c u l t y  nor any apparent  t h e r a p e u t i c  response.  

what appeared t o  be an a c u t e  abdominal condi t ion .  

and Chloromycetin because a t  t h i s  t i m e  h e  had f e v e r  and a n  extremely severe 

leukopenia,  g ranulocytes  b e i n g  almost a b s e n t  from h i s  blood. (He was known 

t o  be s e n s i t i v e  t o  P e n i c i l l i n . )  

s e r i o u s n e s s  of h i s  genera l  c o n d i t i o n  it was f e l t  t h a t  h e  could not  tolerate a n  

abdominal o p e r a t i o n ,  even though t h e  abdominal symptoms might r e p r e s e n t  a 

s u r g i c a l  condi t ion .  

acute abdominal s i t u a t i o n ,  he developed a n u r i a  and a blood urea n i t rogen  of 

400 mg./100 ml. 

A few days later he developed 

H e  was given Streptomycin 

H e  w a s  also given Cor t i sone .  Decause of the 

Although h e  d i d  n o t  have prolonged hypotension w i t h  t h e  

H e  was given an exchange t r a n s f u s i o n  and subsequent ly  put  on 
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t h e  a r t i f i c i a l  kidney. 

he w a s  given a human bone marrow infus ion .  

his w h i t e  count t o  levels of 3,000 t o  6,000, and a prompt rise i n  t h e  p l a t e l e t  

count ;  t h i s  l a b o r a t o r y  work was done in a d i f f e r e n t  h o s p i t a l  where he had been 

taken f o r  t rea tment  w i t h  t h e  a r t i f ic ia l  kidney. 

done. 

I n  o r d e r  t o  u t i l i z e  t h e  a r t i f i c i a l  kidney it was necessary  t o  give him a small  

amount of Heparin. A hemorrhagic tendency, which had Seen s l i g h t  b e f o r e  t h e  

use  of t h e  a r t i f i c i a l  lcidney, became pronounced af te rward  and he had massive 

pulmonary hemorrhages. 

a t ion  of t h e  bloody f l u i d ,  b u t  i n  s p i t e  of a l l  t h e s e  measures the p a t i e n t  d i e d  

on t h e  31st day. The mechanisru of t h e  hemorrhagic syndrome seemed r a t h e r  coca- 

p l i c a t e d .  

recent rise i n  p l a t e l e t s  r e p r e s e n t e d  an abnormal t y p e  of p l a t e l e t  fol lowing 

t r a n s p l a n t a t i o n .  

comparable s i n c e  t S e y  w e r e  not  done i n  t h e  same l a b o r a t o r y  as t h o s e  i n  t h e  

rest of  t h e s e  s t u d i e s .  There i s  also t h e  p o s s i b i l i t y  t h a t  the slnall amount of 

Heparin t h a t  had been given c o n t r i b u t e d  t o  t h e  b leeding .  

S l i g h t l y  b e f o r e  t h i s ,  about  27 days a f t e r  t h e  a c c i d e n t ,  

There w a s  a rather prompt rise i n  

Reticulocyte counts  were not  

A t  t h i s  t i m e  h e  had cont inuous f e v e r  b u t  blood c u l t u r e s  w e r e  negative. 

A tracheotomy w a s  done i n  order to faci l i ta te  t h e  a s p i r -  

There  w a s  the previous  thrombocytopenia and the p o s s i b i l i t y  t h a t  t h e  

It was a l s o  p o s s i b l e  t h a t  t h e  platelet  counts  w e r e  n o t  e n t i r P l y  

An autopsy w a s  done and t h e y  found no evidence of a ruptured  viscus or 

massive abdouiinal i n f e c t i o n .  However, t h e r e  was i n t u s s u s c e p t i o n  ( l o c a t e d  i n  

t h e  i l e o c e c a l  region,  I b e l i e v e )  which presumably accounted for t h e  abdominal 

syndrome. The a d r e n a l s  were sotamhat s o f t .  The kidney,  l iver ,  and s p l e e n  

were a l l  somewhat enlarged.  There w e r e  p e t e c h i a e  throughout t h e  g a s t r o i n t e s -  

t i n a l  tract except  i n  t h e  esophagus. 

The marrow was s a i d  t o  appear grossly normal. 

There vas massive hemorrhage i n  t h e  lungs.  

I n  t h i s  p a t i e n t  t h e  bone marrow i n f u s i o n  was g i v e n  o n l y  about  f o u r  days 

b e f o r e  death.  There  w a s  some apparent  response  i n  t h e  p l a t e l e t s  and white cells, 
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b u t  t h e  results are d i f f i c u l t  t o  i n t e r p r e t  i n  view of the d e s p e r a t e  i l l n e s s  Of 

t h e  p a t i e n t  and t h e  n u l t i p l e  t h e r a p e u t i c  procedures  undertaken. 

Marrow Therapy 

The use  of bone marrow was t h e  most i n t e r e s t i n g  p a r t  of the whole s t u d y  

and t r e a t n e n t  of these  p a t i e n t s .  

w e  i n  t h e  United S t a t e s  had thouzht  would be p r a c t i c a l .  Dr. Math& and the o t h e r  

French phys ic i ans  d i d  not f e e l  t h a t  there was any p a r t i c u l a r  advantase i n  delay- 

The marrow was adminis te red  much later than 

i n g  the marrorr, bu t  neither d i d  they f e e l  ve ry  s t r o n g l y  t h a t  it must neces- 

s a r i l y  be g iven  i n  the  first three or f o u r  days a f t e r  i r r a d i a t i o n .  

for de lay ing  it was c h i e f l y  t h a t  t h e y  cons idered  t h e  procedure rather d i f f i c u l t  

and hazardous and t h e y  f e l t  tha t  there might b e  some criticism i f  untoward 

results developed from t h e  procedure. 

T h e i r  reason  

There fo re ,  t h e y  wai ted  u n t i l  it seemed 

clear from t h e  c l i n i c a l  s i t u a t i o n  t h a t  t h e  p a t i e n t s  had a very poor prognos is  

wi thout  t h e  marrow treatment. They now wish very much that they  had g iven  t h e  

bone marrow earlier t o  t h e  first p a t i e n t ,  who died. 

They b e l i e v e  t ha t  a s i n g l e  donor should  be s e l e c t e d  f o r  each p a t i e n t .  

b e l i e v e  that  there may be some i n t e r f e r e n c e  wi th  the a u l t i p l e  subtypes involved 

They 

when more t h a n  one donor is used. 

t e c h n i c a l l y  d i f f i c u l t  and complicated t h a t  i t  would be  rather i m p r a c t i c a l  t o  

apply  it t o  s e v e r a l  donors, p a r t i c u l a r l y  s i n c e  it is d i f f i c u l t  t o  l o c a t e  donors  

who f i t  their criteria. 

They also b e l i e v e  t h a t  t h e  procedure is so 

I n  c o n t r a s t  t o  some of t h e  op in ions  he ld  by u s  and by o t h e r s  i n  the United 

S t a t e s ,  they do not  believe t h a t  t h e r e  is a n y  s p e c i a l  advantage i n  seek ing  

donors who are related t o  the p a t i e n t s .  

t h e  blood t y p e  of t h e  donors ,  not  o n l y  t he  major groups b u t  t h e  sub-groups. 

On t h e  o t h e r  hand, t hey  do emphasize 
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They try t o  have t h e  donor as nea r  t o  t h e  r e c i p i e n t  as p o s s i b l e  b u t  t hey  l i k e  t o  

have one c l e a r l y  de f ined  d i f f e r e n c e  i n  a minor sub-group tha t  can  be used for 

a g g l u t i n a t i o n  s t u d i e s  t o  demonstrate t r a n s p l a n t a t i o n .  

between t h e  donor and r e c i p i e n t  i n  blood groups,  they p r e f e r  t o  select a donor 

who is  a n t i g e n i c a l l y  more nega t ive  t h a n  t h e  r e c i p i e n t ;  tha t  is ,  t h e y  t r y  t o  

avoid d i f f e r e n c e s  i n  subtypes  t h a t  m i g h t  lead t o  the product ion  of a n t i b o d i e s  i n  

the r e c i p i e n t  a g a i n s t  t h e  donor ' s  cells. 

cho ice  t h e y  may be encouraging t h e  oppos i t e  r e s u l t ;  t h a t  is ,  t h e  product ion  Of 

a n t i b o d i e s  i n  t h e  t r a n s p l a n t e d  marrow t o  the h o s t ,  b u t  t h e y  p r e f e r  t o  t a k e  t h i s  

latter r i sk ,  i f  one  must be  taken.  

When t h e r e  are d i f f e r e n c e s  

They recognize that i n  making this 

They select donors of the same sex as the r e c i p i e n t .  They b e l i e v e  t h a t  

there might b e  some i n c o m p a t i b i l i t y  based upon oppos i t e  sex s e l e c t i o n ,  a l though 

they would l i k e  very much t o  have t h e  sex ta7ged as a means of fo l lowing  the 

g r a f t .  

The donors s e l e c t e d  f o r  the Yugoslavian v i c t i m s  w e r e  French people ,  s a w  

of them p a r t  of t he  r e g u l a r  donor l i s t  of the  blood bank, and one of t h e m  a 

phys ic i an  on O r .  Math;' s s t a f f  . 
The procedure € o r  drawing marrow i n v o l v e s  g i v i n g  the  donor a g e n e r a l  anes- 

t h e t i c .  

crest, and i n  t he  p o s t e r i o r  ilium. 

a t i o n s  from t h e  sternum and seven from each  i l i u m ,  makin2 a total  of 18. They 

Marrow i s  a s p i r a t e d  from m u l t i p l e  sites i n  t h e  sternum, a long  t h e  i l i a c  

I n  a t y p i c a l  case there might be f o u r  a s p i r -  

would a l s o  use on some occas ions  t h e  r i b s  and t h e  scapula .  

no t  e x a c t l y  l i k e  any of t h e  ones  w i t h  which I am f a m i l i a r ,  bu t  it i s  a p e r f e c t l y  

simple needle  wi th  a f a i r l y  s t r o n g  h i l t  having two lateral p r o j e c t i o n s  f o r  hand- 

l i n g .  It is about 18 gauge. It does not  have t h e  special lateral  opening as 

does t h e  Bierman needle ,  nor any c u t t i n g  f e a t u r e s  as i n  t h e  Turke l  needle.  They 

The need le  used is 

FOR OFFICIAL USE OIJLY - NOT FOR TUBLICATION 



-9- 

have had cons iderable  t r o u b l e  with breakage  of need le s  d u r i n g  this marrow a s p i r -  

a t i o n  procedure. Marrow is a s p i r a t e d  i n t o  a sy r inge  moistened w i t h  d i l u t e  Hepa- 

r i n  so lu t ion .  A f t e r  10 cc. of marrow h a s  been ob ta ined ,  ( i nvo lv ing  moving t h e  

needle two or three times) a small sample of t h e  marrow i s  s q u i r t e d  o u t  onto a 

s l i d e  from which smears and coun t s  can be made. Then the  s y r i n g e  i s  immediately 

t r a n s f e r r e d  t o  a needle which has been p laced  i n  t he  v e i n  of t h e  p a t i e n t .  This  

needle  may be a l i t t l e  smaller, perhaps 20 gauge, and the marrow is forced i n t o  

t h e  p a t i e n t ' s  vein.  

t h e  p a t i e n t  has rece ived  10 t o  15 b i l l i o n  nuc lea ted  cells. 

of two or three t e c h n i c i a n s  t o  keep doing the c o u n t s  on t h e  a iu l t i p l e  small Sam- 

p l e s  of marrow and t o  keep t o t a l i n g  up the sum of nuc lea ted  cells. 

s te rnum they  o f t e n  g e t  20,000 o r  30,000 nuclea ted  cells per  cub ic  mi l l ime te r .  

From along t h e  sides of t h e  i l i a c  crest t h e y  o f t e n  get  up t o  60,000. 

r i b s  they  g e t  a small amount of h igh ly  c e l l u l a r  marrow. 

There  is t h u s  p r a c t i c a l l y  no de lay .  T h i s  i s  repea ted  u n t i l  

It r e q u i r e s  t h e  work 

From t h e  

Prom t h e  

The t o t q l  volume of 

a s p i r a t e d  material may be 200 t o  300 mill i l i ters.  

A t y p i c a l  p a t t e r n  for s e l e c t i o n  of t h e  donor and r e c i p i e n t  might b e  as 

fol lows:  

P a t i e n t  0 - MN - C D e - R e 1 1  a 
C D e  

Donor 0 - M - C D e - K e l l  a 
c d e  

I n  two cases t& only d i f f e r e n c e s  w e r e  i n  d and e subfac to r s .  

The methods of e v a l u a t i n g  the  marrow t r a n s p l a n t a t i o n  involved  changes i n  

t h e  general  c l i n i c a l  and hematologic s ta tus  of t he  p a t i e n t ,  p l u s  s p e c i f i c  t a g s  

for t h e  r ed  cel ls  produced by t h e  i n f u s e d  marrow. Q u a n t i t a t i v e  a g g l u t i n a t i o n  

s t u d i e s  are done on t h e  b lood  of t h e  r e c i p i e n t .  

previous t r a n s f u s i o n  and f o r  the  amount of red cel ls  -;iven a long  wi th  the marrow. 

Cor rec t ions  are made for any 
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It has been p o s s i b l e  t o  do counts i n  r e d  cell  count ing  chambers i n  which a l l  of 

t he  non-agglutinated cel ls  are counted and t h i s  i s  expressed as a percentage  o f  

t h e  total  number of red cells  known to be  present .  (Based on other c o u n t s . )  I 

mentioned t o  D r .  Mathe’that w e  had had d i f f i c u l t y  i n  that wi th  soce of o u r  sera 

f o r  t e s t i n g  we d i d  not  g e t  109 p e r  c e n t  a z z l u t i n a t i o n ,  even i n  cases of known 

p o s i t i v e  cells. H e  s a i d  t h a t  they  had had t h i s  d i f f i c u l t y  b u t  had been able t o  

e s t a b l i s h  s a t i s f a c t o r y  c o n c e n t r a t i o n s  of red cells, perhaps lower levels t h a n  

usual  i n  r e l a t i o n  t o  the amount of serum, and had been a b l e  t o  m a k e  t h e  a g g l u t i -  

n a t i o n  100 per c e n t  f o r  those cells that  are p o s i t i v e .  

used more than  one s e r u m  p r e p a r a t i o n  for t e s t i n g  for t h e  same s u b f a c t o r ,  and 

t h e y  g e t  q u i t e  good agreement i n  the results. They have tended t o  l e a n  over 

backward in c o r r e c t i n g  for  t r a n s f u s e d  blooi,  and have sometimes nade a correc- 

t i o n  l a r g e r  than  w a s  reasonable .  

I n  some cases they  had 

The bone marrow given  t o  the Yuzoslavian p a t i e n t s  w a s  f i r s t  g iven  on 

November 11th. 

other h e a v i l y  irradiated p a t i e n t .  

count and p l a t e l e t s ,  as previous ly  d iscussed .  

rise i n  p l a t e l e t s ,  reaching  a maximum w i t h i n  something under t w o  weeks. 

very  i n t e r e s t i n g  t h a t  the p l a t e l e t s  reached a peak, t h e n  fe l l  back, and t h e n  

made a secondary rise. 

recovery from r a d i a t i o n  i n j u r y .  

after i r r a d i a t i o n .  

p a t i e n t s .  Two were t r e a t e d  on the 1 7 t h  of November and t h e  remaining one on 

t h e  20th. 

days of 8 t o  13 per  c e n t .  

I n  the 4 t h  p a t i e n t  t h e  p l a t e l e t  response w a s  less s t r i k i n g  than  i n  t h e  others,  

T h i s  was g iven  t o  t h e  man who subsequent ly  died,  and t o  one 

The i n d i v i d u a l  who d i e d  got  a rise i n  white  

T h e  other p a t i e n t  hac! a s t r i k i n g  

It i s  

T h i s  is q u i t e  d i f f e r e n t  from wnat we see i n  spontaneous 

R e t i c u l o c y t e s  reached a pealc on the 1 3 t h  day 

A marrow i n f u s i o n  w a s  g iven  t o  each  o f  the t h r e e  remaining 

A l l  showed d i s t i n c t  r e t i c u l o c y t e  response w i t h  a peak from 11 t o  20 

P l a t e l e t  response  was m a x i m a l  w i t h i n  one or two weeks. 
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and the  e a r l y  peak w a s  n o t  c l e a r l y  seen. 

dence of improvement i n  the p l a t e l e t s  b e f o r e  the bone marrow w a s  given,  and 

response i n  the white  count w a s  not clear cu t .  

reached a peak i n  about  a month. A l l  of t h e s e  p a t i e n t s  also showed a rise i n  

the wnite  count  beginning f a i r l y  promptly a f t e r  t h e  marrow i n f u s i o n ;  however, 

t h e r e  vas not a d i s t i n c t  secondary f a l l  as seen i n  t he  p l a t e l e t s  i n  t h r e e  cases. 

I n  the 5 t h  p a t i e n t  there w a s  some evi- 

P l a t e l e t s  rose gradual ly  and 

The increased  number of white cells fo l lowing  marrow t r a n s p l a n t a t i o n  was 

comprised c h i e f l y  of neut rophi l s .  

b u t  no t  i n  lymphocytes. 

dur ing  the t w o  t o  three weeks after marrow w a s  g iven  and i n  one o t h e r  t h e r e  was 

a less pronounced e o s i n o p h i l i a .  

There w a s  a l s o  a d e f i n i t e  rise i n  monocytes 

One p a t i e n t  developed e o s i n o p h i l i a  of above 20 p e r  c e n t  

Red cell subtypinz s t u d i e s  showed tha t  t r a n s p l a n t a t i o n  had eccur red  i n  a l l  

four  cases who survived after the marrow w a s  Yiven. The peak of t r a n s p l a n t e d  

red  cells was not reached u n t i l  three weeks  a f t e r  the  i n f u s i o n ,  amounting t o  

perhaps 30 t o  50 per  c e n t  of t h e  red cel l  populat ion.  The d e f i n i t e l y  r i s i n g  

number of t r a n s p l a n t e d  cells  was c l e a r l y  demonstrated i n  t h e  absence of any  

f u r t h e r  blood a d m i n i s t r a t i o n  dur ing  t h e  three weeks after the  bone marrow in-  

fusion.  A f t e r  t h e  peak of f o r e i g n  r e d  cells w a s  reached there tended t o  be a 

diminution, perhaps p a r t l y  due t o  regenera t ion  of rei! cel ls  from t h e  p a t i e n t s ’  

normal marrow precursors .  

t r a n s p l a n t e d  cells. The p a t i e n t s  now have a nixed popula t ion  of red cells, w i t h  

the major i ty  being from t h e i r  own precursors .  

r e d  cel l  p o p u l a t i o n w i l l  be  i s  not known. 

Then t h e r e  w a s  i n  some cases a secondary rise of  the  

Vhat long-range outcome i n  the  

It i s  i n t e r e s t i n g  tha t  t h e  response  as demonstrated by t h e  p l a t e l e t  v a l u e s  

and r e t i c u l o c y t e s  could be better c o r r e l a t e d  w i t h  t h e  d a t e  of a d d n i s t r a t i o n  of 

t h e  marrow t h a n  it could  w i t h  t h e  d u r a t i o n  of time a f t e r  t h e  r a d i a t i o n  i n j u r y .  
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The p a t i e n t  who r ece ived  the lowes t  r a d i a t i o n  dose  and d i d  n o t  g e t  any bone 

marrow reached h i s  peak of p l a t e l e t s  45 days af ter  i r r a d i a t i o n ,  w h i l e  p a t i e n t  

No.  2,  f o r  example, the h i g h e s t  dose of those  survivinG, who w a s  g iven  t h e  bone 

marrow, reached h i s  pea!< of p l a t e l e t s  on t h e  35th day. 

A t  the p resen t  t i m e  the  hematologic status of the p a t i e n t s  g iven  t h e  bone 

They have poorer b l o d  values t h a n  the man who marrow i s  not ve ry  r e a s s u r i n g .  

made a spontaneous recovery ,  

r e j e c t i o n  of t h e  g r a f t ,  or a la te  immune response t h a t  i s  unfavorable.  

There i s  some p o s s i b i l i t y  t h a t  t h e  p a t i e n t s  nay show 

Discussion 

It i s  ve ry  i n t e r e s t i n g  t o  compare t h e s e  Yugoslavian p a t i e n t s  with the 

group of Y-12 acc iden t  victims i n  Oak Ridze. 

m e  t ha t  t h e  lowes t  dose among the Yugoslavians i s  comparaSle t o  o r  s l i g h t l y  

h ighe r  t han  the h i g h e s t  dose among the Y-12 a c c i d e n t  v i c t ims .  

agreement on the g e n e r a l  p a t t e r n  of cl inical  and hematologic response t o  t o t a l  

body i r r a d i a t i o n .  

that can  not b e  ob ta ined  from the  o t h e r  series. 

On c l i n i c e l  grounds it appears  t o  

There i s  good 

Some t y p e s  of informat ion  are available i n  each  series of cases 

The expe r i ence  w i t h  t h e  Yugoslavian p a t i e n t s  sugges t s  t h a t  t h e  r e t i c u l o -  

t h e r e  were c y t e  l e v e l  may be of v a l u e  as an e a r l y  means of de te rmining  dose: 

ve ry  low l e v e l s  by the  t h i r d  day. 

our  F e t i e n t s  by coun t ing  l a r g e r  numbers of cells  t o  more e x a c t l y  establish t h e  

r e t i c u l o c y t e  v a l u e s  d u r i n g  the f i r s t  f o u r  o r  f i v e  days. 

We are a t t empt ing  a fur ther  e v a l u a t i o n  on 

One of the impor tan t  problems t o  be cons idered  i s  the evidence  f o r  marrow 

t r a n s p l a n t a t i o n  i n  these p a t i e n t s .  The evidence  is  r e a l l y  of two types .  

t h e r e  i s  gene ra l  c l i n i c a l  and h e ~ i a t o l o g i c  ev idence  which s u g g e s t s  t h a t  a recovery 

phase occurred, which w a s  e i t h e r  greater i n  degree  o r  more prompt i n  o n s e t  t h a n  

F i r s t ,  
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could  b e  explained by anything o t h e r  t h a n  t r a n s p l a n t a t i o n .  

ev idence  t h a t  a p p l i e s  t o  t h e  wh i t e  cel l ,  platelet, and reticulocyte values. 

There  was  no s p e c i f i c  t a g  a p p l i c a b l e  t o  white  cells and p l a t e l e t s .  

of evidence involves  t h e  r e d  cells which were i d e n t i f i e d  s p e c i f i c a l l y  according 

t o  subtype,  and kre t h e r e  is proof of i n c r e a s i n g  numbers of donor-type red 

cells. 

T’nis i s  t h e  type Of 

Another t ype  

In cons ider ing  whether o r  not  bone marrow t r a n s p l a n t a t i o n  occurred,  one m u s t  

g ive  c o n s i d e r a t i o n  t o  two p o s s i b i l i t i e s  which might cause an  erroneous i n t e r -  

F r e t a t i o n .  

t aken  for t r a n s p l a n t e d  ones.  

m i s i n t e r p r e t a t i o n  of spontaneous recovery  as evidence of t r a n s p l a n t a t i o n .  

One of t h e s e  i s  t h a t  adminis te red  blood e lements  mi2ht be mistakenly 

A second poss ib l e  source of e r r o r  would be  the 

The information a v a i l a b l e  i s  r a t h e r  convincing evidence t h a t  t r u e  marrow 

t r a n s p l a n t a t i o n  occurred.  Among t h e  p o i n t s  of ev idence  are t h e  fol lowing:  

(1) The s p e c i f i c  p a t t e r n  of the p l a t e l e t  response  w a s  rather remarkable.  

There  was ,  i n  a t  least two o r  t h r e e  af t h e  p a t i e n t s ,  a s t r i k i n g  rise wi th  8 

peak reached w i t h i n  t h e  f i r s t  two weeks followed by a r a t h e r  qu ick  fa l l .  Then 

t h e r e  was a second ve ry  gradual  rise. T h i s  type  of double  curve wi th  a sharp  

peak developing i n  less than two weeks is not  seen  i n  spontaneous recovery.  

(2)  The r e t i c u l o c y t e  response was rather pronounced, occur red  Somewhat 

e a r l i e r  than could  be expec ted  wi th  spontaneous recovery,  and c o r r e l a t e d  i n  t i m e  

w i th  t h e  admin i s t r a t ion  of t h e  marrow. 

(3) The rise i n  the  w h i t e  count also corresponded wi th  the  bone marrow 

admin i s t r a t ion .  

(4) F i n a l l y ,  t h e  subtyping  s t u d i e s  on t h e  red cells, which have been care-  

f u l l y  eva lua ted  in terms of  poss ib l e  e r r o r s  due  t o  t r a n s f u s e d  blood, p re sen t  

convincing evidence t h a t  cells of t h e  donor  type were formed i n  t h e  r e c i p i e n t .  
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I f  we conclude t h a t  mrrw t r a n s p l a n t a t i o n  has  been achieved i n  these 

Yugoslavian p a t i e n t s ,  it is of i n t e r e s t  t o  i n q u i r e  why previous  a t t e m p t s  i n  the 

United S t a t e s  t o  t r a n s p l a n t  bone marrow have not a p p a r e n t l y  succeeded. Several 

p o s s i b l e  e x p l a n a t i o n s  must be  considered:  

(1) The Yuzoslavian p a t i e n t s  t o  whom the bone marrow was given were essen-  

t i a l l y  normal i n d i v i d u a l s  subjec ted  t o  massive i r r a d i a t i o n .  

prev ious  a t tempts  t o  t r a n s p l a n t  marrow i n  human be ings  have been i n  p a t i e n t s  w i t h  

serious d i s e a s e s  such as widespread carcinoma, acute leulcellia, o r  a p l a s t i c  anemia. 

Most i f  no t  a l l  

( 2 )  The dose of r a d i a t i o n  may have heen h igher  i n  t h e  Yugoslavian acc ident  

than  t h e  maximum e v e r  t r i e d  i n  o t h e r  t r a n s p l a n t a t i o n  s t u d i e s .  

have reached as  h i g h  as 800 r wi thout  success, b u t  t h i s  w a s  only i n  one case. 

However, I t h i n k  800 r i s  not  o u t  of l i n e  with the  lowest dose a l l o w i n g  t r a n s p l a n t -  

a t i o n  i n  t h e  Yugoslavian cases. 

I n  our  group w e  

(3)  The n a t u r e  of t h e  r a d i a t i o n ,  t h a t  i s ,  neutron mixed w i t h  gadma, was 

d i f f e r e n t  i n  t h e  Yugoslavian p a t i e n t s  t h a n  w i t h  p u r e  gariuna used i n  most c l i n i -  

cal s tudies .  

( 4 )  The t iming  of t h e  bone marrow was  d i f f e r e n t  i n  t h e  Yugoslavians,  

several weeks having e lapsed  a f t e r  i r r a d i a t i o n .  

( 5 )  The s e l e c t i o n  of donors involved t h e  matching of blood groups rather 

than  the family r e l a t i o n s h i p .  S i n e l e  donors  were used for each p a t i e n t .  

(6) 

t h a t  used i n  the United S t a t e s ,  a l though it  d i d  not v a r y  g r e a t l y  from t h a t  we 

had u t i l i z e d .  

not suspended i n  any s o l u t i o n .  

W a s  somewhat larger t h a n  w e  have obta ined  from a s i n g l e  donor,  a l t h o u g h  n o t  as 

large as w e  have o b t a i n e d  from fou r  donors. 

The technique  of o b t a i n i n g  bone marrow w a s  somewhat d i f f e r e n t  from 

T h e  marrow cel ls  spen t  minimal time o u t s i d e  the body and were 

The number of cells obta ined  f o r  t h e  Yugoslavians 

The donors  were s e l e c t e d  f o r  the 
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same sex i n  the Yugoslavian cases while w e  have not done t h i s .  

D r .  Mathe/ i s  pursuing act ively the problem of treating acute leukemia w i t h  

irradiation and bone marrow transplantation, and it i s  t o  be  hoped that c lose  

cooperation w i l l  be  maintained between the American and European e f for t s  in th is  

direct ion. 
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Anti-C .............. 
Anti-E.. . . . . . . . . . . . . .  
Anti-c . . . . . . . . . . . . . .  
Anti--’ . . . . . . . . . . . .  

Roo boo 

6nti no0 

Milieu de suspension 
des hhat i e s .  

3 70 60’ 
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21-11-58 ..................... 
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Tampon phosphate 
PH 7,2 

Tampon phosphate 
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Tampon phosphate 
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Pourccntwc d e  cellulcs c 
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18 p. 100. 
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27 - 
32 - 
13 - 
22 - 

IO - 
IO - 
Presence. 
Prkencc. 

(loo noo 
600000 ’ I 3 70 

2 5 0  

le nombre relatif d’hbmaties agglutinees e t  permet 
d’obtenir le pourcentage des hematies portant ,;ro,3ws 

30 Malade G 

l’antigehe en cause. 

R~SULTATS 
10 Malade IM 

Groupes 
sanguins: 0 Ms Ns CC D ec kk Fy(a+) Jk(a-1) I,c(a--h-) 

Groupes du 
donneur: 0 M S Cc D ec kk Fy(a+) Jk(a-) I,e(a-b’) 

I’ourccntnxc I’ui~rcctita&!c 
dc ccllules ci- dc cellules E+ 

(donneur). (receveur) 

28-11-58 ............. 
5-12-58.. . . . . . . . . . .  
12- 12-58., . . . . . . . . . .  
26-12-58.. . . . . . . . . . .  
19-12-58., . . . . . . . . . .  

5 -  1-59 ............ 
I f -  1.59 . . . . . . . . . . . .  
3 1 -  1-59 . . . . . . . . . . . .  

h’ou teste 
5 s  
so 
So 
90 
85  
89 
01 

Go’ 
Go’ 

r -  

sanguins : 0 MsNs CC I> 1.: kk Fy(a4) Jk(a+) I,c(u-b.1) 
Groupes du 
donncur: 0 MsNs CC D ec kk Fy(a+)  Jk(a+) I , e ( a + b )  

Le pourcentage des cellules du donneur a 6te 
dCtermin6 par un anti Le*, c h i  des cellules du 
receveur par un anti E, la transfusion de moelle 
apant eu lieu le 17 novembre 1958. 

K6sultats : 

Pourcentaqc PoilrcellLaRc 
<IC cellules Le(al] dc cellules Et  

(donneur). (receveur). i i 
28-11-5 ti... . . . . . . . . .  
5-12-58,.. . . . . . . . . .  
12-12-58.. . . . . . . . . . .  

26-1?-58.. . . . . . . . . . .  
5 -  1-5q... . . . . . . . . .  

17-  1-59.,. . . . . . . . . .  
3 1 -  1-59 . . . . . . . . . . . .  

19-12-58., ........... 

I ?  

2 5  

33 
2 3 
1 4  
1 7  

S 
Prkcuce. 

I I I 

40 Malade D 
Groupcs 

sanguins.  0 MsNs cc D I.:, kk Fy(a+) Jk(ak) I&--b-) 
Groupes du 
donnew. 0 MNS Cc 1) ee kk Fy(a-) Jk(a-) I ,c(u-bl)  

Le pourcentage des cellules du donneur a &e 
dCterminP par un serum anti C, celui du receveur 
par un anti E, la transfusion de nioelle ayant eu 
lieu le 17 novembre 1958. 

K6sultats . 

~~ 

28-11-58 . . . . . . . . . . . .  5 5  
5-12-58., . . . . . . . . . .  4n 

12-12-58.. 44 
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?6-12-58.. . . . . . . . . . .  I ‘j 
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c 11 I . . t  
, TABLEAU I1 

Cornparaison des Phehotypes de Groupes Sanguins 
des  Quatre Couples Donneur-Receveur 

qu i  font l ' 0 b j e t  Respectivement des Figures  2, 3, 4 e t  5 

5 
r, 

I f  

1. Malade: M... 

0 MN CC D ee kk Fy(a+) Jk(a+) Le(a' b-) 

Donneur: P... 

0 M Cc D ee kk Fy(a+) JMa-1 Le (a- W) 

2. Malade: D... (feme) 

0 MN c c D g  kk FY(&) Jk(@) Le(a' b') 

Donneuse: D.. . (feme) 
0 MN cc D ee kk Fy(a') Jk( a-) Le(a- b'+) 

3. Malade: G... 

0 MN CC D ge kk Fy(a+) Jk( a+ 1 Le(a- V )  

Lkmneur: B.. . 
0 M CC D ee kk Fy(a+) Jk(&) Le(a+ b') 

4. Malade: H... 

A. 2 MN c c D E  klc Py(a+) .-I<( a+) Le(a' b') 

Donneur: S.. . 
A. 2 M -  Cc D ee kk Fy(a+) Jk( a+) L e  (a+ b') 

/ 
(Ex t ra i t  de G. Mathe, H. Jammet, B .  Pendic, L. Schwarzenberg e t  coll. 

Rev. Fr.  E t .  C l in .  E io l . ,  1959, 4, no 5)  
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