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2. P a r t l a l  bady radlatlon J o s h t q  
3. Total body radlatlon d o s h e t r y  
4. In tegra l  don ca leu la t lon  
3. O s c l l l a o t r l r  teshnlcm 

1. I n  rlm technlc fo r  taqqlng SON Iron 
2. Studios of h a a t o l o q l c  dlSOrdOrB 
3. Studlor of u n c o r  p a r h n r i  recolvlng part-a1 body radistIan 
4. Studlo. of cancer pationta recolvlng totaA b d y  r a d l a t l w  

w c c t  of on H- 

1. Irra3iat lm of b l w d  In extracorporeal ClrculatkaI 
2. Tranrfurlon of plasma of mnlnall previourly SubJ0ct.d to a X t r X O P  

poreal i r rad la t lon  of blood into noma1 M h l s .  
3. Tranrfuslen of l r rad la tcd  plasma l n  normal dogs 
a. AutotransfusIon rlth I t rad la ted  whole blood in normal dog. 
5. Autotrsnmfuslar of Irrddlatcd whole blood lo hrnM cancer p a t l m t  

.Ith microcytic m a l a  

kihuauL- 

Copios of t h i s  repor t  ara f i l e d  rlth the Annod S*nlces Tochnlcal 
Infornatlon Aqancy,, Docllrncnt S e n I c r  Center, Knott Wllldlng. Dayton 
2. Ohlo. and may bo .-,btaIned from t h a t  agency bf w a l l f l a d  Invostl- 
gators rorkInq uMrr  GOvcrment Contract. 
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I. u *In 

la- C a l l b r a t l m  ef th. 2 UeV r a d l a t i m  u n i t  (Van da Crarff gmrator)  

uiad In thk atwty- 

a. h u.mltoring I o n l r t l m  rhdnr. located In the herd of th. 

van da Graaff generator recorda the wtplt m a c w l a t l v e  r-meter ahld, 1s 

located nn t h e  control p w L  
~. . 

b. mm c r a r l a t l w  -tcr 1. callbrated apa1n.t a high mvpy t p  

621 Vlctorecn cha-bcr. 

chamber a t  81.7 a. w l t h  a 10 z 10 em. f l e l d  r lza  at  t h l r  dlrtl;.c* 1s ubb 

t r r r i l y  cal led 1W per cent for a l l  dose d e t e a l n a t l o m .  

me output la r k  aa r i s u r r d  w i t h  the Ylckuoa 

e. ma cuu1bt l i -q  s-aeter 1s sheeked apalnrt  tha wtput as mbMd 

by the lonlzatlcn chlcrbtt a t  thr h a t i n g  dlstrnco of 81.7 a. fOx dai ly  

control of routln. p r r t l r l  body rad l r t ien  proedururcr and 1s a l s o  chackd 

bmfore arch t o t a l  tcdy r a d i r t l m  p r o c e h .  

d. me pr  cent of output l~ ilr it the u l r  nf m t a t l m  l a  checked 

before mieh t o t a l  bady pmcCmm uslng the m t a t l n p  c h a h  

1.B. Callbrdtlon of th. Po I;y radlatlon unit (Wcstlnghoure C. P.) wd 

In prevloua s tudle i  1s *a fo l lwu  

a. R d e l  m-3 v l c t m r n  udlra acrqy  chamber IS used. ma wtpt 

m a l u r e d  fn a k  a t  b dlstmte of 30 m Md w i t h  1 10 x 10 c1. €bid ¶S ubb 

t r a r i l y  cal:cd 100 prr CM (€OX given €iIt= Ud h a . )  

b. The mtput Is checked dai ly  md th. t h  for b prescribed patlmt 

exposure l o r  pa r t i a l  b a y  radiation determlned ~cord11lg17. 

e. l o x  t a t a l  body radlat lon c u r l e d  wt w i t h  thia unit. the exposure 

Is measured w i t h  the V f c t e r e n  . c  300 CII. a t  the 6urfacc of a * a n t a  

Is exposure ln a l r  plus bu ' .cat tcr .  

Ih la  
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Both the H. E. and Y. L Vlctcrrm chrnbcrs are checked against 

radlun source standard. 

Z P a r t l a l  hody radlatlm 

The ca l lbra t ion  v a l w  for output ta a i r  am abve dr%*'kd fo r  tk. 

>.e values for  r c a p c t l w  a a c h l n a  Is tatm to k on hundrrd p r  cent. 

skin, tlssue o r  t w r  do$* are routinely daterpined by use of l&sc curves 

In whlch a11 values are expressed as a percentage of this .:&dad cal ;brat la  

value. 
~~. 

Depth dose or absorption studies ar*  carrled wt -1th el*bcr a prerr- 

wood or r a t e r  phanta uslrq both lonlzatj  .n chvnber and f l l m  densi tmeter  

Uthodt. 

For the t m l r a t l o n  chaber rrhod. we use sei-remtc cmt-1 hwlgmt 

whlch pern i t s  a u l t l p l e  or wntlmous measurements to be lade d t h o u ~  tuming 

o f f  the x - r q  m l t  

For t h m  f i lm dens1tor:ir wthod. , roecially designed pres& fiantom 

penul t s  slmuleulmm exposure of films placed a t  d l f l c ren t  dc;ths ?n th. 

phantan. 

the  expcisd illa for quaaltiratlm. 

Also. a specially deslped densltomster pmi ts  ra.ai2 sc&%zlng of 

P a r t i a l  body rdlatlm dose l a  expressed i n  romtSrnr dellvcrcd Ln 8 

stated elapsed tlr. a rlqlm value fo r  th. m n t  of r.diat:cn a t  the tumr 

site. 

d 0nparls.m if known c m n t l o n s  u. blng  l o l l a d .  Qu records Include 

d lmas ions  and dose d l s t r l t u t l o n  d l a q r r s  for  r m a l . t a t l m  a t  a l a t e r  darc. 

c.g.. to  t r a n s l a t e  romtgem to rads or to l n t q r a l  dose. 

Such a s ing le  valw Is meaiingful only for  p r ~ ~ s a s  of pxescrlptlm 

3. Total bcdy rodlnlm 

The geometry l a  d lc ta tcd  by the d l v n i l o n s  of the e e a h r n t  room rrd the 

output of th. mchlnm. 

mtlre pa t l en t  Is InC1ub.d In the dlv.rgInq kn. 

me trsatlng dlsttmcr mst be w e a t  e m y h  that the 

I t  m s t  k rhort marph 
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t h a t  tho o u t a t  and the tlme necessary t o  cq1e:r the treatment is pr rc t t ca l  

and c o n r l k r a t c  of the patlent. 

A. Hi-% pat len t  s t a t l o n y  In the b r a  af radlatlon. 

m e n  :o'.rl body rsdlatinn is ruried cut rlth the 220 !CU unit. the 

raxlmm tar;ct-patlent d l s t n c o  Is 300 an. Wth 1 ma. QI. and 1 m. A 1  added 

f i l t r a t b n .  ex &I. i n  tissue 1s 11.4 em. (Fls .  I) .  me ou tp l t  is 2.3 r 

per minute. - 
no pJtl+nt 1s curtoparlly t r ea t ed  *hl?e lying on h i s  s ide  on a s t r e t che r  

faclng e i t !cr  t o  o r  n a y  from th. x-ray mathlne. S f  only a r l n g l r  doso of 

r id l a t ion  1s ~ l m e d .  half  the exporurm rlll br nade to the an te r io r  Jrpcct 

of  the bo* ~ ? d  half t o  the  pottrrinr aspect. 

rrd?atIon protrrcted aver a perlod of t h e  are planned, then th m  pat ien t  may 

bo t rea ted  c?'.criorly and pcr te r ior ly  on successive t rea tsen t  visit.. 

If s u l t i p l e  m a l l  dose8 of 

For 2 a:?llon v o l t  raJ1a:lon. 111 or  weak :atlentr may be t r ea t ed  ~JI a 

statlonary poritlon, lylng 03 a s t r e t che r  as rkvc descrlbed. 

be carrled out a t  do0 em+ d i a t m c e  where the 513)s rcctlon of the b e 1  I181 

a n a r k  dk.c:5!m of 1% em. 

4.5 r mawred In alr. 

T r r a t m n t  m l l l  

me outpt a t  thls treatment C l r t m c o  Ir 

For bot5 zx) K'J r r d l r t l o n  r-d 2 MeV r rd l r t lon ,  .hen tho pa l l en t  11 

t r ea t ed  In the  statlonary p r l t l o n ,  the dow Is recorded as tho doso a t  tho 

surficm of th pat len t  plus brckrcactcr. Dose i s  recorded In t h l s  munrr 

bectJro I n i t i a l  measurements ire nade i n  this IaLtlon rlth J p h r n t a  and doso 

can bo checked b r l n g  t rmatwnt  with an lonlrarlon chmber In placo on tho 

patlent 's  stln. 

8. Total bc4y ridlation rlth thr pat len t  rotating In t h r  b e u  o f  radlrtlon. 

mi8 prrrrdure 1s crrrlrd out only ulth the 2 YoV x-ray pmrr r to r .  Iho 

pat len t  1s r * d : d  on & l l p h t  r o t i t l n p  cha l r  -1Ph thr axis of ro t a t lon  4 N t e r l  

f r m  t h m  tube t r q r t  of tho I - r r i  aachlnm. 

lu t lon  p r  rlruto. 

The rate of rota'.lon l a  one n v p .  

I 
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Fo., th la  procedure, dose 1s recorded ln roentgens, measured In alr. a t  

the axis of rotatlon. The chlof Jus t I f lca t Ion  fo r  t h l s  18 t ha t  the oeao11- 

s e n t  can b. dup1:cated and t he  exposure can b. s l n l l a r  for d l f l e ~ e n t  ptimks. 

The data Is availablm for 8 -re manlngfu! e q r e s a i o n  of dose t o  pat ien t  

h e n  agreement 1s reachnd on thls aapcct. 

4. l n t q r a l  dou 

A d e r  of published and unpubllshad u t h o a s  have been evolved lor 

r s t Iaa t Inp  ln tegra l  do8e ln rad la t lon  therapy. me d a t r m  usually pmmtcd  

ln graph fo ra  re p l o t  of gr-roentgens / roentgens macured In a1r / 8wuur 

c m t ' r a t a r  of body prcsantlng, against  the thlct-aas of the par t  af body 

belnq I r rad l i t rd .  

and are valld urv'sr restricted condltlms. 

plaun1b:e l o r  large f i e ld8  and l a rge  tamst-to-patlrnt  dlstmnce aa cbtaln dtb 

t o t a l  body p a t l m t h  

Such graphe a r e  prepared fo r  a glvrn quality of r .d ia t loo  
6 

The approrlmat:ons i m l v d  

Such 1 curve for  2 MeV qua l l ty  x-rays 18 included (FIg. 2). 

Dlract ca lcu la t lon  oi Integral  dow fo r  t o t a l  body r d i a t l o n  m l d  

requlrm UI lmpractlcal d e r  of measuremunts and aswmptlons. 

we have derlved Is based on the  approxlaatlm t h a t  b d y  welght averqrs  QU 

gram per cublc centimeter. Particularly for  rotation therapy, thickness of 

pat len t  can be expresrld as u1 average valum. 

me W 1 U t l M  

3 
7 h h m . -  h x t x t t V  or t - G  

Where. - t = thlclneem 

h = helght 

V = vol rpr  or weight ln p r r a  
\ 

I 
h t  = area of body surfrca prrsrntlng tward the x-ray wurcr. 

mle l a  the area ln q u u e  cen t ln t e ra .  m l i  nahr  u l t l p l l r d  by 

w (gram-rocntgcns / roentgen of rxpasun in a i r )  1s uu 

ordlna t r  In t h m  Ira* In Fl9. 5. 
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I n  SIX aubjmcts in  uhcm the l w l v o  unl the In v l t r o  t a q g l q  techniques 

have been car r i rd  out on the 8- dab, w have demmruated t o  aur  a n  s a t l c  

fac t ion  tha t  th. plasma lron d i r r p p a r m c e  cum* m ldent lcal  In * l o p  ud 

the dl lu t lon  vo lur r  qree -1thln Z d. 
Table 1. 

lhese msults u. -rlr.d Is 

- Uslng Uu s i . p l l f l d  In r l v e  tqhq  techdwe. noma1 subJrctr  ne- 

stud1.d ln the fo l lmlng  m e r .  

a) b r tud l rs  we- carr1.d a u t  at  amvaral m k s  or a n t h s  interre1 

16 urbjrcti .  Ihm varlat lan of th r a t e  of p l a s m  lron dlaappeumee nee 

wnd t o  be nl th ln  7 36. me ex-le 18 rha la P4. 4. 
0 

b) Ihm coruccu t ln  meeurraents of plasma lron dlarppeumce re te  la 

12 hour. were c ? r l . d  Out ln 6 NbJecta. M verlat lon 1s n l t h l n  : 36. (k. 

erupt. 1. u- ln Flg. L 

2. Studles of hmotologlc dlsorder& 

k n r r l  hundrd s t u d l r s  have beon c u r l d  out Is patient. w i t h  vulOum 

hematologic dlrorderr. Soviral  cams  of speclel  lntorest mrlt p r m r r n t a t h  

CAS. 1. s. s. w f i  M* m m s - p  

Hlstoxya lhlr pa t ien t  war fwnd ta have pemlclws a n d a  rhlle rb* war 
1 
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belng treated fo r  ObltruCtlW Jwndlce Is ho.pltJl.  ... .;:.. .. ..: ,:: 

. . . . . .  . . * .  
were p n f o m d  kform r p r c l f l c  therapy was lnst1ut.d. &ring v l t m l n  1112 theraw ......I.?..-..... .. 

when the pat ient  nee maklng a ~ a t l s f a c t o r y  m e r f .  md a f t e r  coaplmto rralsrlm-*- -.. -*-. .. 

1.8 ob ta lnd .  Ihe p r t l n m t  data  from thase studlrs u. srmar1r.d In Table !2. .. .:.I., . ..,::.:.;. 
......... . .  

----.-a- 
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R d l o l r o n  tvmovmr rtudlm . . .  ..: . . 
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Camonti lhe purpose In prrsentlng this CJU 1s only t o  i l l u s t r a t e  the . . . . . . . . .  _ .  . . . . . . . . . . . .  . . . . . .  
aen31t lw and pmclse  re la t lon  between iron I r t a t a l l ~  and d l u a s r  that can b. 

. .  demonstrate4 by rad lo lmn studles. Redloiron s tudies  YI.UI~ LID rater1 the . . _ - _  .......... 
r a t e  o! plasma lrm dlsrppearing frm the plasma Iron pool md the r a t e  of b 

corporatlon of lron In the red cells.  Ihe flrst 1s an lnd l rcc t  ud UH r e e d  

-. :. .-. . . . . . .  . .  
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a d l r sc t  measur8 o l  tho tunctlonal rtatur of bow rnarrm oxythropolr8lr. 

Ordln.rlly those t w o  ?at81 plIJll01. they a 8  beth I n e r r a n d  L 

enem1as duo to lron def?clency or blood lor?  nd 10 polycyth.rla. QI (h. 

other  h d ,  they aro both dacsrand i n  mmlaa due t o  bono - hypoplaslr 

of rhatrver  otlology. 

In pemlclour anaala. as In tho ease f n s e n t s d  horc. th4 ram of d l n p  

pournce  Is 1ncnaa.d whllr tho rat. of Incorwrrt lon l e  docroan$. m h  
per.dorlca1 d h s o c l a t l a n  le a r s f l cc t lon  of the b a s k  pathophyslolegy d 

p.mlclcus merli. n m r l y  maturation arrost a d  fnabllltr to lnwrporat .  1- 

in thr f lnal  ateps of erythrnpoloslt. 

lhc reaarkrblo speedy htaataloglc  recovery folloulng vitamin thmipy 

l e  I ccmpmlrd  by the drvmlqxent of a ra ther  u r k r d  degree of hypofonmla. 

As the mrturatlon procesa Is mtumlng to MNI. the u t l l l i t l m  or I n s m p s r a t l m  

of Iron Is great ly  apceded up. IhSr lmr8 th se- Ima concmtrotlw &I& 

In turn fur ther  s t l u u l i t a i  the rat. of 18- lron dlsappearuw. 

m e n  the patient hss %hiwed cmplcts rrdssion ~ I t h  the ddltlw ol 

lron therapy, nornalcy of e i ~ t h m p ~ l c t l c  functfon IC r e f l r c tod  by tho msulti 

of thr third study. 

Fros the physlologlc polnt o t  v l n ,  there s t u d l r s  ~ I t h  rdloiron h m  

provlded Infornatlon aceuratoly pzutraylnq the pathologlc dIrtrub.nees im 

pern1:loui msmlr and tho phyrlologlc a d j u s e r n t  In rcsponu to vitlals 812 

and iron therapy. 

CJSO 2. 0. S. NC&J~)~  15 

Ihls pat ient  NIS ada1tt.d to the hospital  rlth dllqnosic of conqenl t i l  

heart  dlseasr  lnvolvlop t r lcuspld valvo and a probable r igh t  l o f t  rhunt. IU 

had lntcnre cyanosis slncr b l r t h  and chronic c x ~ ) e s t l v r  fallurm on ud off 

fo r  several yrrrs. Ilemitoloplc atudirs  revezYrd a marked dcgrcr of sccondaw 

i 
4 
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polycythala .  

a r i p r 4  Incorporat?m af a w n  lron and a l a e r  p I a u a  lrm soncmtratlon, 

ccr.rIatent w I t h  polycythr la .  mere data u a  stmnar1x.d in Table 3 md Flgurea 

b ud 7. 

Radlolron study s h a d  markedly Increased r a t a  of dIrappoarance. 

Case 3. M. 6. W / r  h e  a -1166 

Wlstoryt mi@ pa t i en t  was -1tt.d t o  the po l lo  w a d  as a c a n  of p e t -  

pollo hypwan t l l a t lon  syn&aa. &e year pxwloualy h e  had had .cut. anterior 

p o l l m y r l l t l a  w l t h  ularlu prralysla  lmolvlng tha d l m r q m  and bola. H. 

r a c o v a r d  w f f l c i a n t l y  to beecam n b u l a t o q  a f t e r  3 m t h s  h o s p l t a l l x a t l a  mi 

went t o  k x l c o  C l t y  t o  l l v e  wlth h la  alstar.  

a c t l v l t l e a  there. h e  a w n  U.va1op.d markrd c u d l a c  and n s p l r a t o r y  sy.ptma rltb 

tho flndlnqa of swim srcondary polycythemia. After 3 weeks t roa tnmt ,  hlr 

s y q t m a  gradually aubaldd. wm thhargh tha h.natologlc wldenca of polyep 

t h n l a  wsa u n c h q d .  

a t  thlr tL., 3 waek. JftOr ad.lSSIOn t0 t h e  hO8pltal. 

mrIphara1 blood plcturo. T h a n  was J normal dlaapp.ar.nce half  t ln  nd e 

u r t d l y  d.cr.aud rate of md c a l l  uptake. 

6 ud '1. 

0 
As ha hcreaaed h l a  phyalcrl 

These u. shmm in Tabla 3. The radlolmn atudy prfoxwd 

at odd. wfth the 

These da ta  are r h a  in Flgurea 1 

The p a t l m t  continued t o  iaprovm. Hla v l t a l  capacl ty  l n a a a e d  to 26ao CC. 

.nd h l s  p o l y c y t h a l a  r u b a l d d  cmpla t e ly  In the cmrn of 6 m*ks of obaervatlon 

follollng the 1 n I t I a l  atudlea. maae data  are also ahcan ln Tablo 3. 

C a m e n t i  Theme two cases o f  secondary p o l y c y t h a l a  a n  presented togethrr 

to  d r o n a t r a t e  the USefuln**# O f  r rdlolron t U m O V * r  *tudl*. 18 detactlnp th* 

dIstlnpuIihlng e lgn l f l can t  var la t lons In Iron mstabol lm In hmatopoieaia. 

d q r e e  of erythtr .1~ In Viaso p a t l r n t r  aa ravealed by th. d ce l l  counta and 

homqlobln Levels Is -I ta  s h t l a r .  Radlolron r tud le s  ln  tho boy w l t h  c y m o t l s  

Ih. 

. .  . . .  . . _ . .  . .~ . .  

.... - . .  . . ... . .  . . . . .  ~. . .  . 
, . . : . . .  _ _  
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torqonital  hsrrt dls*as* &SO i n  order but tho flndlngr in the  rrcond p a t i n t  

aem quit. lncorpat lblr  with t h m  d q r n  of erythremia whlch mas p n u n t .  

Haevor, tho p a t l m t  had bran a t  rest. a t  tho soa lw*l a l t l t u d a  of Hauatm, 

and le a r e sp i r a to r  for 3 waokr. ma s t t m l u r  of anorla and tho bund for 

Incroaced twmstapoksls had b.on withdrum. Iho w r ~ l  ~lrappwranco halt 
-. 

tiU ud Cho aluggtsh rod sel l  uptako of do- lmn indicate ~ l . t i w  lnmctrvlty 

of tho bow , a m ,  won thmqh lt wre slx -*La bolo= the h n D t o h g l c  b 

neraallt1.r flnally rotusnod t o  nemal lovolo. From prognoaltc #nt of 

v l r .  tho tracor lmn Btudy UMclpated the Ovmtual rwcover). rIr wnlm 

pr lo r  to ncourry. 

Ihew ease studles  are p r e s o n t d  Iwre to shw tho cosarkabl~ s e n s l t l v l ~  

of ch. ;.dio-lron atudy In & t e c t b g  IuutIonr! changer of orythropoinir h l cb  

g.nora:ly nntrdrto chwiqoa i n  the nrbors of red col la  or  tho eoncmtratlon ni 

homqlobln by Dworal rooks LD nrwr.d by tho mor* conwntlonal mmod. of 

a w .  

3. 

Tho offacts of 1 L l t d - f l a l d  m n t g m  therapy on t h m  p l a s m  Ir#, diu?- 

Studloa of cancer patlent* n c o l r i n g  part141 b d y  radiation. 

p.armue rata hac  boon atndled in many of our cancer p r t l m t s  treatd at ?Jn 

Joffozron Davia Hoapltal. 

rat0 of lndlvldual pat lontr  m a l  dotomlMd below: the c a n r n c m r n t  of rd1other.p). 

ud rmp.rtod aftor the somplotlea of UU preacrlbod treatment. Iha rraultr d 

thoae ho studh8 uo conprrod, M o  prrtreatmolrt  dat& S e n i n ,  as th. nom in 

*ash lndlvlhrr l  cas.. 

I n  t h o o ~  rtudin. tho plavra lron d l r a p p e n r c r  

me data I r a  Ja pa t i en t s  aro B w r l r o d  in F19. e. Tho offoct of 

radlat len on plama lron d1rappeJrance half  t k r  l a  mprrrss.d ao por cent of 

the nom, or t h o  prctr*atmmC dlsrpparenca h a l l  time. Thlr 1s plottad . p a h a t  

t b  *Boded doso of radlat lan In s q q r i r o o n t g c n s .  A conr lsrmt  r e r n l a t m  

1s net land. 

1 

_ .  . . . . ;_ . .  
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1.:;: . . . . . . . . . .  .,: 0 '.:.; . . . . . . .  ......... 

. . :- .. ,.. . . .  . .  . ,. . . . . . . .  . . . . . . .  ......... 
. .  y. ... ............. . . . .  . . . . . . .  . . . .  . .  i- ~. :- 

4. Studlar of c u u a r  patlmta rasalvlrq total body r ad la t lm .  

h o  groups of pat ian ts  rserivirq &le body ?adlation ha*. bcm atud1.c 

1) I n  the first group of p;tiants,  the p l a r a  ison disappmurnu rat .  OD 

halP tIm -as & t i m i n d  h d c n  rhola 

on uvaral  susceselve days. The post-radlatlon changer a n  O X ~ N S U ~  as 

per cint of thi p r c t r o a t n n t  half  t h .  m1r group sonslatad of 17 patlmts 

rrcolvlrq ioor ln 1 t r r a t w n t .  2 p a t l m t s  nuivvlnp 2 t r m t w n t s  d Pg at 

3 M d  5 w k  lnt.IVa1s. 1 p a t l m t  m a l v l r q  mor and 1003 W l t b  5 wnk. llltorv.1. 

radlitloa mar 9lv.n ud repoatad 

2 pat lan t r  nca lv lnp  5 t r a a t n n t 8  of 50r. 1 p a t l m t  maIvlrq 10 CTertWt. 

of 55r* ud 3 patlmtr r .ceIvlrq 100, la. and 150r N S p c t i V d y .  Ihe 

are shmn la flgwa 9. 

4 

I t  Ir appannt that  in  a11 a x e m  DIU p a t l m t   the^ war e l d q  of thm 

rata of p 1 . w  lmn  cl*arance. 

a d  72 hovra bftar the expeaire urd l e  loll& b# a n t u m  to noma1 La &cut 

o m  w r t  

R\a r f f N t  appem to k u x h d  b.bm U 

18 tblm study I t  ma# hit pracelcable t. meanurm the mturatlm tLw OD 

the r a t e  of red cell uptake. h c a u u  of the consacutIw a d l n l r t r a t l a  oi 

3 or 4 tr1c.r domes mlthln 9 to 7 day& 

Nolrally .JJor P r t l O n  Of plaCN &W l*WIW th. plallu pOS1 90.. t. 

t h a  bone marrm, mi the ram of clearaxe Is for the m s t  part povarnd by tbm 

functional reWramt of arytJuopoleslr. 

1.n .qullIbrlu rltb the s t o r w e  dapotr. md pla- lron y k 8hunt.d to th 

l l v e r  or ~ 1 a . s  a t  l n u r a s d  r a t e  und.~ certala condltlm8, much re lnfdl;;;. 

dI8aas~S. F d e r .  as shm ln  the case of mmlcInu8 mli presmtsd .bar. 

the dlsappeuanca of p l a l u  iron. *Lle rugpest lw of ~OIU 

l a  thmrslore not conclualvr w ld tnce  u d e S 8  emroborated by para l le l  changes im 

r d  ce l l  uptake. 

Hormr .  the p l a u  lron pool l 8  .tu 

d r p ~ ~ h ,  

1 

- ___.I.- ..... 
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2 )  In  *e second gtnup of f l v e  pa t i en t s  t h e  effmcct of + o h  bedy r d i a t l s a  

upon the uptake of  tracer lron by red c r l l s  was 'nrrstl3atrd. These p t imto  

ru* lved  lOOr a t  on. lrrslon. Ikcausr of tho t r r n r l r n t  d e p r r s s l a  . a e c ~ ~ I r q  

b e h e n  2 - 3 day8 a f t e r  radlat lon dmaonstrated In tSr f i r s t  srrlrs of rlrprl- 

mcnts. the radlolroo s t u e  was carr ied aut around thls tL.. me r& cell u p t a h  

was n p a a t e d l y  d*termlned l n  . prlod of two weeks foLlnlnp ab.lnlstsatlon of 

the tracer. 

fect&. Ihr w t u r a t l o n  tlm naa 1ltnl.e r l t h I n  no-ul 1hPlts. 

- 

The r e s u l t s  u. shm In Flg. 10. T ~ D  -tal  uptake was net af- 

Cansrnti  Ssvcral psslbl i  explanations may te offcrrd fm there nqitln 

results. 

1. With the -t c t  radiation ( loo r )  g l v m  t o  these ptimtr, thm 

may hav. been ne d f a L t  an lron n t abo l l sm or rytkropolrs1L 

2. Ths e f f r e t  of radls t lon u y  not have develo,aed &ring the prlod o f  

o b s e n s t l o n  - 2 *eeks port-radlatlon. The short terr obSlr*at:Oa 8.8 r h D S M  

In an attampt t o  detect  If there was any functional J m n a l l t p  la M *ulr 
p h a u  before t h ~  dwelopmt of recopnirab1D anal.. For t o t a l  body r a d l a t t a  

of the order of 1M)r. no ear ly e f f e c t  Is appirmt in u t l l l z a t l m  09 ~IUI in 

rcd ce l l  rrnufactur*. 

3. Fbctorr other than dolo and tlmtnq nay %nflu.race Or obmrr* the effrst. 

of *ole body r r d l a t l m  on h o n  turnover pa t t e rns  for F t i M t S  w i t h  

n 8 1 1 9 n ~ t  diseases and various cmpllcrt lons.  M y  of t h e n  pa t l en t s  hm 

virylng d.grm*s of malnutrltlun, mmla.  or l n s u f f i c l r r l e r  In hrpatlc. -1. 

or cardlac functlonr rhlch may be subcl lnlcal  and d i f l f c u l t  to rvafueto. 

t o t a l  I n f l r m c e  on tythropolesls for  my other bodr .%nCtlon) my bm . p p M l . b l m  

but rddom quant l ta t iuely reasurc*ble In a controlled -r. 

T h l r  

. . .  o .  ~ - a  _ _  
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111. ELLrc : cf  1 n B d l r t . d  Blood on Hnr topolea l r  

. .  . .  1. l r r d l r t l o n  of blood in extrr-eorporerl  clrculrt lon.  

Thlr proc.duro waB d e a c r l h 3  In the n p o r t  wh1tt.d fo r  t h m  prlod 
. . .  . . . .  

! . L. . .  endlng I ,  1951. 

: . . In tha courae of rtudylng the ef fec ta  on c l n u l a t l o n  in  the dog. of . . . .  I _ ,  .. 

.. - .. _. 
- .:. ...... . '_ 
. -  

.- . . _ .  . h a a r t - l u q  CrrpUltlOn, 

l n t m a l w l y  the blood of the M b B l  ra it war clrCu1nt.d 

In 10 ulhnli ao stud1.d the whltr  blood c e l l  count r h a e d  rn l n l t l a l  d e p r r s e l a  

&uslng the f l r a t  2 b r a ,  follaed by mcovery and elevrt lon brycnd ~ r U l  

for BO.. w k s .  

t o  tram. ;f the e x t r u o r ? o r r ~ ?  c l r cu l r t l on  wlthout l r r r d l r t l a ,  

W W  t B k w  o f  the  opportunlty to  1n.d la tO .. , . .  . - -  
I the body. . . .  
" .. .~ - _  

Thlr prolonged r l w a t l o n  was #lot wan In m h l r  aubjectod - - ._  
I -. 

2. f r r i r fu r lon  of p l a u r  of 5 d ~ g ~  prwious ly  subjected tb ratra-corporoal . .  . 

r- 

. .  
. .  . .  

1rr .d l r t lon  of blood h t 0  M m l l  dogh . .  
. .  

Flvr  t q r  mer* subjected t o  l r r .d l4 t lon  of b l w d  ln r x t r w o r p o r e a l  

slrsulatlon. Blood w4e w l l h k r m  by csrdlac punctum Into glrse t ranr fur lon  

bottles cmtahlng 1ZQ CC. of A.C.D. Mtlcoagulant and storod In  rof r l9er r t loo  .. ~ . 

u n t l l  wd- 
. .  

7he - l a m  wea rrparrtd by cmntrlfuqlng and wlthdrn lng  by V~CUU . - ~ 

p_ --i 

Into a0 CC. p l a n  t rmsfualon bottler. This was thn 9lvrn l n t r c  L _ @ _  . .  
B 

. I ,  

. . ~  : venoualy lnb 5 n o r v l  Cops .nd obrervatlonr u d e  on whlto blood cell c a n t .  

r d  blood c.11 count ud h-lobln m o r  a p.rloJ of 1% day.. 

. , . . .  .: . .  . .  . . . .  . .  . .  . - ._ . .  . .  . .  . .  . . .  Tho h l t e  blood c e l l  count ahcued an lm.dlate deprosslon (Fl9. 11) *.__ . . 

L - V  - 
f o l l m d  by a rathmt e r r a t l c  r l ie boyond p r c t r e a t n m t  lwrls. A longer porlod . .. .: . 5 

_. :.:_ . . . . . .  
or ob8.rvrtlm b d o r o  trmafualon r l g h t  Indicate .hethor Ultf o b a 8 ~ d  flu.tuatlom:- -1.. .+: ..i 
were e l g n l l l c n t  but tho f l r i t  L p r e r r l o n  14 t h a t  no c l r u  otfect on r h l t o  blood 1 .  :. , _ .  . 

c.11 count r r au l t rd  f r m  trmafusion w i t h  ~ l a m a  of d o g ~  who roce1v.d extra- L ..e..- 
corporeal blood l r r rdlr t lon.  . .  

. . . . . .  
. . . . .  . .  - . . , .  

. .  . . . . . . . .  --- 

. _  
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me response ol  red blood ce l l  iount (Fig. 12) md hmaplobln (flg. 13) 

*hared a change that  was euff lc ien t ly  conslstent,  marked cnd prolonprd to 

Writ  close .tu*. A l l  dogl .hand an elwition of rod blood cell  CMa of 

10 to 100 p.r eer.t. and of hmnqlobtn of 15 to 30 par cant  above p e a -  

l w e l e  porrlmtlnq for  a period In axcesa of 3 month#. -. 

men them doga had baen und.1 observatlon for U t o  69 day$ after 

r*celvlng the trmafumion of p l a n a .  iadlolron tmovrr  atud1.a were dnw. 

e 
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p.rrlstlrq for over 3 mnthr. 

4. krtotru lsfu i ion w l t h  k r d l a t s d  whole blood In norul dom. 

ma pramdure hero was as f o l l a e r  

I) kter la l  blood w l t h d r l n  by cannula fm froral a r t y  

2) l u d l i t e  lrrdlat lon of w l t h k r m  blood to  15,OoDr (20 mhNt .e  lrrdlation) 

3) Autotranafurlcn b q p n  rithln one hour of lnltlel w 1 t M r r . l  of  blood. -~.~. . 
4 9 .  

&e of theam a n L . 1 ~  (#9) lot: 200 CC. of blood when the utrr1.l o d m  
. . .  ~. w i n  dlelodpod and 8utotrmafuslJn was cUr1.d out W i t h  320 CC. O f  I r r a d W  . .  
. .  . . . .  . .  . . .  . . . . . .  . .  . .  . .  . .  b l d .  mere was an l n l t l a l  f a l l  of rsd blood cell count w l t h l n  thc f1r.t 

I 
--iy'- 

hour.. follmsd by a rlre (1% above p r c t r e a m e n t  lewl) 4 t  3 days. ulth 

The l n l t l a l  f i l l  ln hmogloblr e t  a . . . .  
. .  . .  , .  

. . .  a 9radual return to noma1 a t  5 w k s .  

hours 1.1 follolsd by I rlw t o  S above p n t r e r t a n t  leve l  .t 4n houra, rltb 

e 9radual return t o  mmil a t  5 m t s .  5he srcond dog (#IO) S h d  e N r h d  

elwatton of red blood cell count and a Pera I J tmt  l l l p h t  dwetlon a t  h..oploblr ..... . . .  - .  
. . . . . . . .  ....... . ._ :.- . . -,. . .. . .. . . . . . . . .  

. ->.. . . . . . . . . . . . .  . 
e 4 

. . . . . . . . .  . . . . . . . . . . .  
above prc trea tamt  1WelS. There dJtJ l- shorn h flgu-* 17, 18. ad 1% 

. . .  ...... _.: . . . . . .  ,;.-.: ..: ..: 
. . . .  5. h u t o t r ~ i f u a l o n  w l t h  1rr.dlat .d whole blood In humn cancer p e t l m t  

care 4. B. a. C/L n m-3369 

.. - 
. .  - .  . .  

. t .  

_ .  . - W i t h  Dk=P/t%C D m h .  . . . . .  . .  . .  . .  
~. . .  .. :: .. . . . . .  . . . . . .  

:. 
Hlatoryt lhls patlent f lrrt  c 1 .  to the hotpl ta l  In 19% caplelnlnp of 
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srelllng of h l a  aWman- 

CurVaturO Of the rtcmach. preruncd t o  br neoplau.  Pcrl toncrl  flJ:d chord 

probably nal lpnart  c e l l s  and J mais could be :*It through tho ibdonlnal wall. 

He n l s  found t o  h a w  r f i l l i n g  de fec t  on tho gnatax  

Radiatlan thrrapya 

October a, 19% - la0 K. radlogold l n a t i l l r d  In porltoneal cavity, 

February a, 1957 - !oOr t o t a l  body rad!stion ( ro t r t l on  tvshnlc, 2 u.V 

Van de k a a f f ) .  -~ 
Ju ly  X, 1%7 - 148 K. r idlogold l n r t l l l e d  In peritoneal cawsty. 

J&'iary 30. 1958 - xx) CC. of pa t i en t ' s  bl lod was r l t h d r a m  undor rtarilo 

conditions: U., blood nas I r radiated by the Van de Graaff neehino t o  0 1w.X 

of 5,ooOr ( m e a s u d  a t  surface of the blood In the  cantalner). 

than ro-transfused t o  the pa t l rn t .  

The blood uaa 

C?inlcal COUTI~I F o l l a l n g  the f i r s t  lnat l l la t5on of radiogold ln th 

psrftomsl cwlty ,  the pa t i en t  d i d  not r9qulra paraccntcrlr  f o r  f i vo  mths 

Afier receiving 1- t o t a l  body radiation, t he re  were no untcuard q m p t a q  

the horp l t a l  -a war u n w m t f u l  and he waa d i rckugsd  3 days af te r  treatment. 

The p r c t r r r h l u n t  I m l  of whlte blood count ranged from 5 . a  to 7.- p+ 

cubic mllll?etrr# af te r  t o t a l  body rrcilation I t  na8 3,wO to 5,WO. f l u i d  

gradually r c a c c u u l a t d  d the p a t l e n i  r rquirad further p.racentoris. ~ h .  

r c o n d  rcb8lnirtratlm of rodlogold had nuch !err affect ln acnrrlrtion d 

r $ c l t i e  f l u i d  ihln tho f l r s t  i n s t l l l a t l on .  f n  S e p t a e r  1957, tho p.tlaht was 

adul t tad to horpltal and M txplorrtory loparotoR# was dae. 

rcedlnga chh0r.d vclnovs c a r c l n a r ,  probable slte of or lg ln  ln colon. Pollc*inp 

th l$ ,  them wss again r l a  accrrarrlrtlon of ascltlc f luid tut hc d id  not rsgulta 

paracentmalb 

. 

Biopsy of prlt0m.l 
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In the  r l x  aonthr pr lo r  to the autotraosfuslon. hla h-globln had not 

been r e c o d 4  Ibo*. 9.9 9s. prr cent nd was 1.1 par. per t e n t  a t  the tlm c4 

transfurion. Aftsr transfurlon. h l a  h a q l o b l n  rose t o  10 00s. p r  cent i n  

12 day. MJ hla  mhlts blood sell cmnt roe. t o  the 9 w . l  l s v s l  bhnm 

5.100 and 7.m p r  cublc ailllmter. H I @  r d  count v u l d  between the p r c  

- f 
I 

tr*lWt 1-1s Of 3.W.000 to 4 , a . W  Avlq ths b o  W D e h  fO1hw 

tranrfuaim-k 

ba-l  to 9.3 'pa. prr cent and the white blood count h.d again f a l l en  to t h ~  

prwlous  1-1 o f  3J00 tr, 5,OW wr w b l c  mllllPrter (Flg. 20). 

By tha tlm ON mth had e l apnd .  the hamglobln had Ia1l.n 

C a s m t a  The w t  rtrs of 3 p a .  par cent  of hmoglobln. and of t h ~  

hit. blood a t  to or lg lna l  l w e l r  f o r  the f l r a t  t h e  In over a y~u, a r l t n  

fur ther  study. I h l a  rry mlt b. a mn-specific reactlon erroclated rltb ~e 

trmafusioo proc- or  it may be 4 mrponre to an a l t e d  p l a a a  f r a c t l a  

as a r e s u l t  of irradlrt lon.  Ihm l a  n w d  t o  coapur the e f t a c t  of u n l r r d l a t c d  

autotranafurlar.  I f  further autetrMlfu.lOns tl k=3 NbJscta  W S t J h  th 

hiemat fo thlr affect. plasma electrophororls o r  a r s y  of the varlcus p l a w  

\ 
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PurpeHI To f lnd a u n l t o n l y  le tha l  608. o f  I r radlat lon In dog* whisk 

could b. n1l .d upm to  dsstrg wnpletely the bone aemm for the subsoquwt 

pupam of glr inq heterologous bo- m u m  transplant& 

Y.terlsls* Dqr w o n  u l o c t d  !n the w l g h t  range of 8 t o  14 kilogru8.  

&ne urrw~ ud mrlpheral blood woclans = e n  ubtalnod hfore l r r a d l a t l m  

and the dop mas thm glven to t81  bcdy radlat ion on 6 r0t8tlng platfom ritb 

tho 2 Y.l V u ,  de Graaff;. 

pmrwral blood tmst. L.d la te ly  f o l l a l n g  rbdlatlon &nd a t  ?A has Intervals  

for tbe -1- of I lh .  

w e  uere t1.m subject& t o  b a u  mar- Md 

Dasqer Th. flrst group of 3 dag8 were glven 1%~. 4Y)r and 6oor 

respctlvmly (2 MeV l r r d l a t l s n .  Inherent f l l t r a t l o n .  6.8 m Pb.. tree-t 

distance 3 murb. Hvl. 20 ra. tlrwe). A t  tan d.rs a l l  mere a l l -  and only 

the OM ~ l t h  6oor a h a d  w l d m c e  of the lrradlatlon. mi$ naa u n l f e a t  

gross b 1 4 -  t * n d m C V  J@ thr g U l S  a d  tam* and 4 f a l h N  t0 h d  

wlth slougb of LA mea et butoar on the l8ft  hlnd 1.g e t  the *it. of tho 

vena puncture. I h I a  dog 14s 8 ~ l l l l ~ ~ d  on the elghth der  and r t l l l  b . d  

utlw tam -. Ihe othar bre dags r r e l n e d  -11. Ru one r r u l v l n p  1Yh 

wns d1scard.d Ib. da) eltb 4SDr was 84CTifiCOd On the 9th day a M  the Sp1-n 

a d  d+md 9 1 d s  rere wnt r,u u c t l o n s  1s y e t  unrepoxtd. 

The recad ptwp of thm &98 D S N  11). piV*tl 1.alDI. One Of there died 

during .nost?.esla. no other t*o d1.d mlthln 3-4 days of In t e rSur rmt  lnfectlon. 

?be bow - md p.rIphrr.1 blood counts on these dogs W e d  o n l r  minor 

d . v l a t l a  d o a m d  w i t h l o  the p.riod of t h e l r  Ilver. 

many forms of a p p m n t l r  rhbh cells In bone m r m .  It uns felt. harmr.  

Vmt UH dose of 1.- ea8 tna hlph. 

A t  death then mre still 
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The savrnth aX, rweind eoQr In the  s a m  manner m l t h  factors as f o l l a s s  

2 Y.V r ad la t im .  W . e f ~ t  f l l t r a t l a  6.8 m. Pb., treatmmt e l s t m c r  2 wters, 

Mvl. 20 a t lsmes.  h l l v a y  r a t a  171 p r  100 wterod. his &g l1v.d 9 d y s .  

Born urrm f h t L y s  can b. -1t.d as follcrrm 

1. ILast kamdia+a Ciuppumce of slI I.pphold r1mnr.t~ dtMn tmo days 

of t o t a l  bady r L d 1 a t b b  

2. &.Nal d l r l r u t l a  In the 9 r m ~ l e c y t i c  elmmntr and rylhroid *:runts to  

th t h  of &a& 

3. Evidence of -In* ut lw blood formlng u l l a  a t  the tL. of &a*. 

b m n t r  hrth of 81: the mLa1s s e d  to  k a coPblnrtlm of h..orrhage 

and Infection. l h e u  m ' h ~ l s  were not 9 l v m  ant lbiot lcr  e* che coursm 

o! thm study so as n.t to p n c l u 6 .  any cloudlnq of tho rmm~ts. 

Uthwgb there w n  actlve blood formlng cells found a t  b a t h ,  them 

Wlth the bleedlng md lnfrctlon, may ne11 k -1LSle a s  saon t o  dle. 

64th may h n e  ( K N ~  tofore actual aplasia of the m u m .  fn further 

abservatlons m 1e0.11 doses of to t a l  tu+t radlr t lon,  M a t t e  -111 te 

wade t o  N s t r l n  the aahl  by Mtlb io t l c s  and 8upportlve trmIOMt Bo t ha t  

n a x b r a  dspresslon of .u1(1 c.n ba o b s e d .  

There was mw f;rrter dog I r radiatni  w i t h  8oor ( rotat ton nthod. 2 MeV 

ridlat!m, inlmrmt f i l t r a t i o n  6.8 m. m.. treatrent dlstMCe 2 meters. Hvl. 

20 a. thsues). ~eru : t s  In thlr dcq cmprre In a11 but tm r e w w t r  rith the 

previous w. 1) mC hop ln mhlta '.munt -8s not evldmt unt:l a f t e r  the flrst 

dJy f o l l a t n g  lrrldlatlm but f e l l  t S  133 a t  the t h e  Of death On the 10th day. 

1 )  I h r c  -.a no avidenre of k - d l a t r  rise In platelet a t  the cod of treatrant. 

The e l e v r r l m  In hmcy:OJln and red count. and the  & r a t l a .  wrm the S.DI a# 

th. prcvlmur dop. R * $ F W  Of both J n h J l S  IS Il1UStrlt.d ln F1-r. 21. 
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In  r w i n l n q  records o f  pat len t r  rho have received t o t a l  body radtatlon, 

L3.5rre have been instance8 where the effect  of an mount of radlat lon,  beliwvrd 

-e l l  w:tk:n the  llmlts of tolerance, has been ercer r lve  or  augmented 

factors.  

or raslrtmce t o  radiation or  whether t h l s  1s the  r e su l t  of conemitant  d l seare  

ar conr t l t u t lon r l  condltlon h l c h  Iner*aser the r m r l t t v l t y  to rdlatlon ra- 

mains unanwcred :n noit cases. 

other 

n\* qur*tton whether t h l s  1s an inhersnt dlfferenc., i n  w n c l t l v l t y  

- 
Two exanplus of t h l s  are outl ined In detallwd I 

case hls tor les .  

Case 5. I. S. N/k 4.1 85 LAE-eZ41 

Hlrtoryi  mi8 r lder ly  but vlgorour Independent firnor had a rubnandlbular 
6 

cars for abaut one year before I t  was f ina l ly  dtrqnosad bs l p p h o a a r c s r .  

ly&ocytlc type on October 18, 1956. 

Iyaphadenopathy; bonr m a r r m  stLd1.s were within normal limlts and a h a d  no 

lppnosr rcma.  HIS hrmqlobln was 10.3 gm. p a  cent, w& uaa I,WO a t  thia 

t!m. 

h ' v i n g  h h s a l f  In a fara truck, h b  treatment schedule w.8 8cmnh.t l r r spda r .  

By thls tlm he had develo@d a gancrallred 

Becaurr the pat ient  had t o  travel some 40 n l l* r  to  get :o t h w  hosplt.1, 

Raflat lon therapy8 Octobor 30 - November 9, 1956 - local treatment to t h w  

r ight  tnguinrl rcglon and t o  tha  l a f t  a t i l h ,  35Or rkln dose t o  each s l t a  (25OKv 

radlatlon, Hvl. 3.2 m., Cu., f i e l d  size 10 7 15 Cm.). 

Q 
J ~ I I U W ~  14 - July 22, 1957 

t o t a l  body radlr t lon.  3 l r  total .  

each (the f i r s t  3 u ~ r e  lo.% each r,d the lr8t  8 were 10.5r 08Ch a d  the othmr 

6 were Ilr each). l r r e g u l a r l ~  lpaced thrmgh t h l i  perlod. (This t o t a l  hoq 

ra ' l iat ton del ivered at 220 Kv., Hvl. 1 un. Cu.. t r r8fncnt  dls tance XKl CO.. 

outcut 1 r per nlnute. 

incldcnt rad la t ian  plus  backscatter). 

This NJS given I n  17 t rca t lwnt r  of 10 to  ZOr 

The &$e wa8  neabured a t  the  S U r f I C e  of the patlent. 

During the lntervI1 of h l s  total 

I r r r d l ~ t i o n .  he r e c ~ t v e d  2 8lngle  trRatnentsi one Of which Wa8 t o  tha  r l q h t  

. .  
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IrqulGl rqlon.  thr- n 8 r 12 cw. fleld.  282 r m r  dire In a s lq le  ' 

. . . .  . , . .  ~. . .  

. .  . .  . . .  :.. ~. . . . .  :. . - . 
We ma8 -1tt.d t r l c e  for  transfutlonr, ance In August. 1%? u d  again :- . _: . 

In Dctaber. 1537. Rtrlng h l i  l e 8 t  &Wrrlon tram Novmbrr 18. 199 to &camber ;- 

8, 195?, he n c e i b d  4 transfusions and -as on Yetlcortm. 10 q. wery 6 hours. . 

brlq h i s  l a s t  ad.lsslon. LIS h l t e  b1e-d cell count bqur to rise ud reached .:- 

ths lwel of 2O.ocO at the tW hs rrplred. Bane m a m  studies an the d8y 

b f o r e  61th shh~od many 1y.Chold cells. fw g r a ~ . l o c y t l c  cell. and 30 eryLSro!d * 0 ~ :. .% ..*:.&.--. ......... ..................... 
precursor cells. . . . . . . . . . .  ........................ 

rb. ..................... 
r. . ,. , . ., 

1) ~ I . p h o s a r c a a ,  Imocyt lc  type, 2) lysphatic Ieutnh ,  chrotilc, 3) I.utmic ,~i.. - . . 
-4 _-. - .P * 
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for  e x r l n r t l a r .  o m  
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P a 8 t e r t m  e rmlna t lon  on th ls  prtlmt bhpred the follmlmy 

. . . . . . . . . . .  ....... :. . -:*. . 
. . . . . . . . . .  ............... . . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  
L;~~. - -  

i n f i l t r a t l m  of the Ilwr. cpl-n and tidneya. 4) hypoplactlc ~ t d a .  R e p r c  

u n t a t l r r  s.nples of esch of the t f t w e s  frm this man's post-mrtam r n u ~ n a t t u n  

have been cent ta the kmed Forces lnrt l tute  of P b U O l o q y  t o  Col. Carl Terrwr . . .  . . . .  
. . . . .  ............ ............ . . . . . . . . . . .  .: . ~: -:~ . . -  . . . . . . . . .  ....... ..... . .. 
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Car0 6. B. P. C/M Ages39 l l l Y 4 P  

Hlatory: Thls u r c u l a r  rlcm rarehoure worker colplalmd of %%'rm-r 

Of breJ th  fo r  6-7 r e k s  and l e f t  cher t  paln for  3-4 m t a .  

PWupnlJ WJS dlagnobed on 3/22/37 Ud treltcd with mtlhiotlc.. 

dlrcharqrd fm hospi ta l  on the f l f t h  dJy af te r  r&alralm. 

*Ith -~ r-currence of cough and c h a t  pain m 4/1/57. 

of t he  l e f t  upper lung f l e l d  had lncrem-d 4nd cavltatlon had &vel@ A 

d l q n o r l s  of S~II*IOUI c e l l  Carcl-a of th8 lung -a* ud. by needle biwq 

on 4/10/57 and the pat len t  war r r f e r r ad  for radflthexapy- 

k f t  - l& 

Ib U S  

He uaa n&itted 

Ihe area of Mx:ldrtim 

I T r e a m t r  4/15/57 - lsOr tot41 body i n a d l 4 t i o n  (2 YeV 1-1.l. rotltim 

method. dore warured in a l r  ~ n d  axis of rotation. 4.4 -4grm romqens 

1nt.gr.l dose). 

In the  left  upp.r lung f k l d  (oppaslng 15 x I5 u. .lelds. a0 Kv IadtJt iM.  

Hvl. 2.2 sa. Cu.. inteqral dore 5.4 og/r)- 

4/17/57 - 4p2.67 - lZOOr W r  &sa k l l v e r d  to a lesion 

Cl ln ica l  course1 

nausea or syoptar  of any k i d .  

Fol lowi~y  t o t l l  body rJdiation, there was m U14iY.  

The pa t ien t  UJS t rmrportwl  by atulnce 

Setween the hospi ta l  and the h i l d i n p  h a l n p  the 2 Y.V Van d. Graaff- 

under clou ObServJtion for a period of three houtl f o t l a r h g  r a d 1 a t : a  

exposure UJS over a perlod of 40 minutea. f r a  3800 to 3840 p.m. 

normal hospl ta l  nmlnp uJl J t  5830 p.l. nd Slept SOWdly through th nipht 

without r.dication of any klnd. 

W. WJS 

> D 
He at8 a 

@n th* f irrt  Pst-r~dlJtlon day. rro -e 
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On the arcond horp l t J l  c-sy fO1kming total bee rDdiJtion, local tkerapy -:-- 1 . .  

e . . ... . . ...... . to the carcinoma of t h e  lung was Scgun and he r*Cr:nd 1 da i ly  dole of xh .: ._ . _ _ _  - . .  
during the next w c k  as above descr ibd.  

He to le ra tad  treacwnt well wlmout nosusea and w i t h  rn c h a q r  in  SIX--=\ 01 

H. s h a d  ID C h J j e  durlna 2:s pcrlod. 1. . . ;.'.. .:. ,.. . .; .-. 
, .  . . .. ..... _ . .  . .  . _  :. . . :... 
. . . :. 

e -- -- - djrpctite. f r e a u c n t  -aa interr>Fted a t  t h l a  t a u  in accordance r im a p o l l q  
. . . .  . .  . .  . . . . -  .. . - . . . .  , .  
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o f  n a l t l n g  thr e f f e c t s  of l e l t l a l  treatment so t ha t  clearlty of ) . n w m l a  and 

regresslon of t w r  would pemlt mor. p r r c i w  loci l lxat lon;  the ufm of w l l c r  

treatment f l e l d r  and t?.. treatment of a u r l l e r  r o l u  of tlswe. 

On Ma? 1. 1957. while still in horpltal .  h e  f l r s t  shnred cerebral  

r y m p t a r  and sttff n e t .  

and on May 2. ln?. an electroencephalogra uaa made but t h l r  was normal. 

c l l n l c i l  s m t a n f  of s s n l n q i t l s  developed md thls was nan ~ s % l a t e d  w i t h  

IeukopenIa and thrombocytopmia as s h a n  In Flqure 23. 

phoretlc stud!rs done on the p la rn i  proteln fractions thrQughart h l s  e n t i r e  

h0spit.l and c l i n i c  v i s i t s .  Treatment by an t lb lo t i c r  for  th. n n ~ n q i t ~ a  u*l 

by transfurlon and Cortlrone for the  lNkoF4nfr and thranbosytopenia d ld  mt 

a l t e r  the c l l n l c a l  f l gns  or ry3tptms.. No bleedlng tcndmcy deve1op.d. H. 

becme t e m l n a l  md dled on May 12. 19SI. 

me flrrt c l l n l c a l  susplclon war cerebral  Iwtartascr 

The 
-. 

m e r e  new no electre- 

? 

Post-wrtm a w e d  a purulent mcnlrait5s. b i l a t e r a l  bronchial pncwnla ,  

squamous cel l  c u c l n m a  of the lung m d  b t l a t e r a l  adrenal atrophy. 

blocks frm t h l f  post-mortm * r n I n a t i o n  has besn wi t  t o  Col. Carl Tearwr of 

the A m c d  Forcrf i n s t i t u t e  of Pathology for study. 

TIsaue 

D Cornsent: 

of mlnlmal l r t h a l  d o f m .  

and the addltlonal lmr twrar dorm (delivered t o  t h e  si te of the p r h a r y  tung 

cancer: were not conrldrred as an w u n t  o f  radiation that m u l d  rvm approach 

the local or s y s t m l c  tolerance level. 

est lmrte  of ~ r n a l  tol r rancc would h a w  been t o a d  a t  least an addltimal 

3,000r tumor dole to the prwary lung cancer. 

countr f l r r t  ra ted on Yay 1. 1957 was a t  Ilrrt surpri r lnp but not alamlnq. 

The lntsrpreti:!oa of cerebral tyrrptomr as  probable rcrmbral metastaLes dla- 

t ractad a t t en t ion  from thr posriblc rlnnlflcmcm of lmutopmia Indlcating a 

The importance of thls case 11.s In I ts  bwring on the concept 

The 15Or total body radiat ion tht t h i s  patient received 

I h m  plan of t r ea t sen t  bared upan our 

The f a l l i n g  hl te  and p l a t e l e t  
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hazard of In tec t lm.  h r rcop!t lon o! the intect im.  an In tmslve  r c g h  

Of an t lb lo t l c  therapy f a l l ed  t o  control h l s  cm@katlon *hlch -48 the C J U r e  

of h l s  death. 

There are tmr par i lb le  lnterp-tatlons hemi  

1. The moun: of radlJtlCJI the p.tlmt rece lwd reprerents a mlnhal  le thal  

dose and t h a t  A a t h  Is a d i rec t  r e s u l t  of t ad l a t ion .  

2. The pat len t  d ld  have a dylgmaaglobul lnala  and the 8usceptlblll:y to 

Infact lon which w l t h  the added strelr of r rd l a t lm .  was msponslble fo r  the 

t r a ln  of e w n t r  leadlng to h l s  death. 

3. T h m  pat lent ,  havlng an ovamwhelmlnp lnfect len such as p n ~ c o c c u r  menlngltlr 

llnked rlth the e f fec t  of t o t a l  body raolatlon, mar.lferted tho e x t r a  leuto- 

penla whlch Indlcatod h l s  vrry  Poor res l r tence  to t he  lnfsct lon and therefor. 

x s u l 2 e d  In hls  death. 

4. mi. pat len t  suffered trao a dlrorder manifested as a &yqam.plobullnemla. 

J lolr r e s l s t m c e  t o  infcct lon uhlcb was the part lc lpat lnp factor  In the t emlna l  

sen lngl t l s .  and t h a t  the asroclat lon with the p u t l e l  CARU of radlatlon was 

coineldental. 

-~ ~ 

The puertiw, cannot be se t t lod  far thls C ~ K  

The bearing of thls study t o  t o l u J n c e  ia r a d l a t l m  Is t o  lndlcat. tha t  

when very largm ambers of the popllatlon a t .  wbjacted to radlatlon as In the 

w e n t  of the atmlc dlsarter. we mst b. prwared to accept a very lm rpant 

of rad la t lon  as the m1nlm.l lethal dose, w u  lesc than loot. 

there  r l l l  b. lndlvldualr rlth e l tha r  manlfest or occul t  cap . t lng  dlsease 

rhorm dcolsm r111 e l tne r  colncida wl* erpoluf. te radlat lon or m y  b. hastened 

by o r  ascribed t o  r a d l a t l a b  

lhls I8 bec.ure 

T h m  MK- lemal dnu w i l l  not b. a 1 t . d  by the prermc. of 111 or 

vulnerable Indlvlduals ln  the radiatad ~ r w p  and then are no Lnan factors  

other  than an emor In d o r l a t r y  nhleh r a r l d  l n c r c a u  the v a l w  by which o m  

. . .  
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tolcUlSIoW Aw FU?UIE . . . . . . . . . . . . . . .  

. . . . . .  , . . . . . . .  dose and I t  Is doubtful l f  any est lute  ewmscd a# a single value has  d 

r h l l e  rieaning unless th. swctmn of health and dlseaM In ihe radlatd apc 
.............. . . .  . . . . . . .  

.'r~ 
Iatiocl can be closely appra1s.d 

_. ,:. . . _  . . . . . . . . . . . . .  . . , . , . 
~. . 

8 ~ .e 
. .  1. 

comparlron of technics tn d1ffcrMt  Institutions. for Uu -1.a of 

c l i n i c a l  and laboratory obrcrvatlonr md f o r  r s l a t i n g  rullrtim e f f e c t s  ud.. 

these circmatances t o  tho.. which might bo cncanterml d e r  f ie ld  d l t l m &  

It rhould not be mticipatad.  h-rr that  e v w  incmasing pruislm of phye1c.l 

The d o a h t r y  of radiation exposure 1s o f  par t i cu la r  Lgarturs f o r  the 
. . -  . I . .  . . .  . . .  

:--'A 

!3 
- . . e  9 - . . .  . I .  . . . . . . . .  .:. ._.-,.- .. .. . . .  ... 

......... 
. - . _  : 

.... . . . .  
. . -. .:.: . .: 

..... 1. . .  
wasurmen t s  rlll contribute lmpertantly te the atudy until th. bloloqic ~ y l o n ~  

. . .  
.-- 

to r rdiat lon can be measured ulth equal preclslon. hls Is not to y that wiui 

u a r u r m e n t s  are unlmpmtmt by y m e a  Iht c w  w i t h  *hi& thy u m  somrdd 

.- . 
c 

0 . .  . .  : 0 . ~ .  ....... . . .  . . . . . . . . . .  . . . . . . . .  - .  . . . .  
.- . . . . . . .  .:: 

. .  . .  . . .  u111 parni t  duplication of ths W d i t i o M  of ruliatloa 0aTQ.Urr In d l f f e  

m s t l t u t i o n s  and rtll pemlt ttn r m a l u s t i o n  in tha futurr atmuld a chnp. la 

biologic measurnent becorn Wai1.bl.r 

2. 

and biolcqlc rerpoosa to r d l a t l o n .  lrm rtabollm .nd kWtOPDieSla baw bem 

studied extenrlvdy. A t  lwela blow loor t o t a l  body radlatlm ia slnqlo 

*rpo8ure, so.. lnt.+fermce 11 d e t u t d  rlth th. d i s r p p . a r m e  of 1njCct.d radb 

Iron. but the u t i l i z a t i o n  1s not a l t e r d  ln y useful ly  wmitlw de-. Ihls 

is a t  odds n i t h  the IIndInps of Hamessy *Id Huff rho d.+.ctsd ch.ng.r Sa t a t 8  

a t  hvels as lom as 2%. 
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m This basic rork ust k m a t 6  

0 . . . . . . . . . .  Gastro-intestinal functlm u y  lend itself to w m t l t a t l v a  ectlmatim of . . . . . . .  
Injury. 

rymprmatology of r.d:rtion s i c h e r b  and by pathologic studla of gross a d  

The s e n t l t l v l t r  of the 9astro- intest lnal  m c o u  l a  w e l l  doc-ed fra 
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microtcoplc s tud le i .  Several r a d l o r r t i w  t r a c e r s  h + w  in recent 'ye- bm 

rmployed In mcdsurmcnt of g a t t r e i n r r r t 4 n a l  r b s o r p t l w  crpaclty. R w u  W 

I-1J1 labeled 5 e ~ m  protein (RISA). 1-131 l i ? : ed  f a t  and f a t t y  acids. md h-60 

labeled wltanln 612. 

body r ad ia t ion  or l i r g t  abdominal f l o l d  rad ia t lon  t h e r m .  A prctreatmnt 

t a t t  rlll serve as cont ro l  of subsequent s t u d h s  to  b. c u t l e d  out a t  d l f f e r m t  

i n t e r v a l s  alter the r ro i a t lon  *X~OIIJI.I 

3. 

p o l c i b l t  t he  study of in t tns lve  radlatlonof blood In' m+a-corpomaX clrwlattoh 

One observatlon was t h a t  when plasma frm dogs so i r rad la ted  was g i v a  to m d  

animals. thls was fo l lcued  by a sustained rise In hemoglobin and a r.dloOkO0 

p icu t r e  suggestlve of 3 secondary polycythcnla. 

dupl ica ted  and appears :o aerlt fu r the r  study. 

4. 

The purpose here  is t o  develop experience io techslcr of narr0. tlWfUSh 

In preparation t o  er tendl ry  thls observation to prlmatrc 

5. 

m p h r r l r e  t h a t  the minlmal l e t h a l  dose t h a t  may b8 a s u i f d  So taliatloo rill 

be l a e r e d  by the presence of concaultent dlseaw. 

factors whlch might  be r e rponr lb l r  for Increancd wrceptibillty to hfcctlm a 

undlagnored anemia might lead t o  complications and death a t w e l a t d  with lmls 

of t o ta l  Dodl erpo~)ure of lDcr o r  le84 

*e p t o p t *  to study 8 serles :f patlent9 r e c e l v l q  .hole 

-. 

The avrilabblli ty of a heart-lung preparatlon used in cardlac wrgery ud. 

b 
This bizarm reaction PA¶ bwn 

Stud le r  hdve been begun on l e t h a l  dose of t9t.l body radiation la dugs. 

Continued observations on hunan p r t l m t s  receiving t o t a l  body radiatlom 

' The PfeHnCe of adt 

.- . . _  . .  
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Chl*f. Rerearch and Dsveloprnt Dlvirlaq 
Otfic- of me Surqcan Gamral. Depcrtment of the Amv. 
R m  2334. Main N I q  &Ildlng. UaSkington 2% L G 

Anrd S e n i o r  Technical Information 40- 
Document f*rvlce Center. b t t  BIlldhg 

Qllef, Armed Forcer Special Weapons Frojoct 
Wrahington 23, D. C 

~y h d l c b l  Research hborrtoy (ma-m) 
O f l l c n  of Naval R*serrch. hprrtmem of .& N a q  (Coda Or) 

Alr Research L Dsvelopunt W M d  (surgeon) 

A m y  Envlroramtrl I*a1tJ1 Labratow 

Ualter Red Amy l n s t l t u u  of Research (Blophyslcs 

Prwmntive Yrdlcln Dlvislon, b e a u  of Nrdlclm *ppy 

SAU, VSAS, Rudolph A b  Force Base (Radiobiology) 

h. John K. H n p M ,  fr., Tulme University School of kdlrin 

Dr. Ytlton A. Lesrlcr, Ohio State U n l v c r s i ~  

Dr. Jam8 J. nictscn. SlourKettcring Institute fm Cmc- S m W  

Dr. Lloyd J .  Roth. Vniverslty of ollcaga 

Dayton 2, mi0 
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