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Suppression o f  lymphocyte 1 evel s i n  c i r cu la t i ng  blood 

following i r rad ia t i on  o f  the t o t a l  body wi th  low 

doses o f  ion iz ing  radiat ion i s  wel l  known. During the 

l a s t  decade, Cronkite and h i s  group a t  Brookhaven 

have demonstrated tha t  i r r a d i a t i o n  o f  blood i n  an 

exter ior ized 1 oop (extracorporeal i r rad i  a t i  on o f  

blood, ECIB) suppresses lymphocyte 1 evel s without 

damage t o  other body tissues. This group has shown 

tha t  ECIB i s  an e f fec t ive  adjunct o r  a l te rna t ive  

t o  drug therapy f o r  t rea t ing  some forms o f  leukemia. 

Acceptance times o f  sk in a l logra f ts  have been 

extended by ECIB and several groups around the world 

are evaluating the technique f o r  i t s  appl icabi  1 i t y  

f o r  immunosuppression r e l a t i v e  t o  renal a1 logra f ts  . 
The most extensive summary o f  experience wi th  human 

patients comes from Weeke and c o l l  aborators i n  Denmark (1 ). 

From t h e i r  comparison o f  an ECIB t rea 
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pat ients  w i t h  a reference group of 56 pat ients ,  they 

report  a s ign i f ican t  reduction i n  ea r ly  re ject ion 

episodes and a s ign i f ican t ly  higher frequency of 

six-month renal g r a f t  survival i n  the  ECIB t r ea ted  group. 

Most treatments of both experimental animals and humans 

have been accomplished by shunting blood through la,rge 

f ixed equipment such as 6 0 ~ o ,  137cs o r  X-ray sources, 

thereby necessi tat ing special ized f a c i l i t i e s .  Wi th  

the re1 a t i  vely 1 ong treatment regimes requi red, this 

severely l imi t s  the  numbers of pat ients  who can receive 
\-TX_ 1 treatment and requi res  the  'i nconvenl ence and ex-pens9 L- ---\ - 

of hospi ta l iza t ion.  A small inexpensive portable 

i r r a d i a t o r  i s  needed f o r  the above reasons and a l so  t o  

permit chronic exposures of pat ients  p r i o r  t o  and 

subsequent to  kidney t ransplant .  T h i s  report  describes 

an i n i t i a l  approach t o  supplying a portable blood 

i r radi  a to r .  

Parametric calcula t ions  of dose ra tes  t o  blood and 

surrounding t i s sue  from photon and beta 'emit t ing 

isotopes indicated the d e s i r a b i l i t y  of photons i n  the  

10 t o  50 keV range o r  betas having maximum energies 

of 0.5 t o  1 MeV. While low output i r r ad i a to r s  using 



i so topes  with emissions i n  t h e s e  ranges were cons t ruc t ed  

and t e s t e d ,  1 imi t e d  avai  1 abi  1 i  t y  o f  such i so topes  forces 

the use of  a l t e r n a t i v e s  and 9 0 ~ r - 9 0 ~  was chosen f o r  

the source  ma te r i a l  f o r  a h ighe r  i n t e n s i t y  u n i t .  While 

the be t a  p a r t i c l e s  d e l i v e r  an e x c e l l e n t  dose t o  blood 

and a r e  r e a d i l y  sh i e lded  from surrounding t i s s u e ,  t h e  
90 bremsstrahlung r a d i a t i o n  induced by t h e  e n e r g e t i c  . Y 

be t a s  n e c e s s i t a t e s  s u b s t a n t i a l  s h i e l d i n g  t o  reduce t h e  
I 

ex te rna l  dose r a t e  t o  acceptable01 eve1 s. 

Other, groups using 9 0 ~ r - 9 0 ~  f o r  p o r t a b l e  i r r a d i a t o r s  

have spread  the source  mater ia l  over  a d i s t a n c e  o f  s eve ra l  

inches along t h e  tube  through which blood f lows ,  i n  some 

in s t ances  passing t h e  blood i n  mult i .ple  passes  through t h e  

r a d i a t i o n  f i e l d .  Such e longa t ion  o f  the source  a r e a  n e c e s s i t a t e s  
. . . . .  

e i t h e r  a l a r g e r  mass o f  s h i e l d i n g  o r  produces an exces s ive  

ex t e rna l  dose rate.  

Using the computer program BETBLUD '2), dose t o  blood from 
. .  . . 

a 1 ci/cm2 9 0 ~ r - g 0 ~  source  d i s t r i b u t e d  along a 1 cm 

length  surrounding a 0.133 cm r a d i u s  blood tube  was. 

c a l c u l a t e d  t o  produce s l i g h t l y  ove r  20 rad pe r  t r a n s i t  dose.  



On the basis of these calculations, an i r rad ia tor  has been 

constructed using as an outer shield a high density tungsten 

a1 loy 6.3 cm diameter, 5 cm long. Square corners were removed 

to  minimize weight. The shielding piece was s p l i t  and each 

half endmi l led to  produce a 2 mm radius groove. A 1 cm section 

in the mid-region was fur ther  milled to  3.2 mm to  receive in 

each half inser ts  of 20 mg 9 0 ~ r - 9 0 ~  fluoride bonded together 

Si O2 preparation. Fol 1 owing i nser t i  on of the source 

material into the 1 cm long . . groove, a 0.25 mm aluminum fo i l  

containment layer was placed over each half and fastened 

i n  place by l igh t  beads of epoxy resin placed suf f ic ien t ly  

dis tant  from the source material t o  preclude resin contacting 

the source.area. 

We,ight of the unit i s  2140 g. Preliminary data from thermoluminescent 

dos,imetry (TLDLs) indicate tha t  external surface dose rates 

s l ight ly  exceed the design dose rates of 50 [ E e m l h r .  Efforts 
b- 

are underway t o  fur ther  improve the shield desjgn by removi,ng 

the low energy compon@nt of scattered eadiation and X-rays 

from the surface flux. This e f f o r t  should bring the measured 

.. - 
dose ra te  into agreement w i t h  the design c r i t e r i a .  



Dosage t o  c i r c u l a t i n g  blood is now being eva lua ted  

using t h e  Fr icke  dosimeter .  End p ieces  t o  serve 

a s  l i g h t  s h i e l d i n g  and prevent  d i s t o r t i o n  of  t h e  blood 

tub ing  w i l l  be i n s t a l l e d  p r i o r  t o  t e s t i n g  i n  animals .  
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