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SERUM PROTHROMBIN T I M E  PROLOKGATION 

FO L L 0 W I N G TOT A L- B 0 D Y X -I R R A D I A TI 0 N IN MA N 

I n  a n  i n v e s t i g a t i o n  of t h e  h e m a t o l o g i c a l  

effects of  a s i n g l e  e x p o s u r e  to t h e r a p e u t i c  
t o t a l  body x- i r rad ia t ion  i n  cancer  p a t i e n t s ,  a 
coagula t ion  c h a n g e  w a s  observed .  T h e  a v e r -  
age of p o s t i r r a d i a t i o n  serum pro thrombin  t i m e  
(5pT) v a l u e s  w a s  s i g n i f i c a n t l y  e l e v a t e d  o v e r  
[he p r e t r e a t m e n t  average. T h e  i n c i d e n c e  of 
indi.,idual ~ P T  p r o l o n g a t i o n s  w a s  a l so  s i g n i f i -  
c a n t l y  i n c r e a s e d  after radiat ion.  In a d d i t i o n ,  
i t  found t h a t  i n  d u p l i c a t e  tests of SPT i n  
which t h e  only  known v a r i a b l e  w a s  t h e  a l t e r -  
n a t e  u s e  of prothrombin-free p l a s m a  ( C a p p e l ) ,  
and of p u r i f i e d  bovine  f ibr inogen  (Warner- 
C h i l c o t t ) ,  t h e  l a i t e r  r e a g e n t  r e s u l t e d  i n  a 
s i g n i f i c a n t l y  more s e n s i t i v e  test i n  t h e  ele- 
va ted  r a n g e .  

MATERIALS AND METHODS 
For ty-one  p a t i e n t s  having  n e o p l a s t i c  l e s i o n s  

with metastases requir ing the u s e  o f  to ta l -body 
x-ray t h e r a p y ,  a c c o r d i n g  t o  t h e  R a d i a t i o n  
T h e r a p y  C o m m i t t e e  of M. 0. Anderson  H o s p i t a l ,  
w e r e  s t u d i e d .  A l l  were ambula tory  a n d ,  a p a r t  
from t h e i r  pr imary d i s e a s e ,  were i n  g e n e r a l  
good h e a l t h  a n d  not  c a c h e c t i c .  X-ray d o s a g e s  
d e l i v e r e d  in  a s i n g l e  to ta l  body e x p o s u r e  i n  
e a c h  case (400 kv., 200 c m .  f o c a l - s k i n  d i s -  
t a n c e ;  1.1 m m .  c o p p e r  ha l f -va lue  l a y e r )  r a n g e d  
f r o m  25 r through 150 r i n  25 r s t e p s .  D o s a g e  
in e a c h  case d e p e n d e d  on m e d i c a l  requi re -  
m e n t s  o f  t h e  pa t ien t .  C o m p l e t e  h e m a t o l o g i c a l  
s t u d i e s  w e r e  performed d a i l y  in  a t h r e e  to 
f ive-day  b a s e l i n e  period i m m e d i a t e l y  pr ior  to 
therapy.  S imi la r  tests were per formed immedi-  
a t e l y  p o s t i r r a d i a t i o n  and  through a t e n - d a y  
fol low-up p e r i o d  before  fur ther  r a d i a t i o n  [her-  
"PY. O n l y  p l a t e l e t  c o ' i n t s ,  c l o t t i n g  t i m e ,  a n d  
p l a s m a  a n d  serum prothrombin t i m e  tests a r e  
c o n s i d e r e d  in t h i s  prel iminary report .  

P l a t e l e t  Counts  w e r e  performed i n  a Neu-  
b a u e r  c o u n t i n g  c h a m b e r  with R e e s - E c k e r  di lu-  

P. 239) .  Clot t ing-t ime tes[ u s e d  was [he 
Hcceive.! Lor publication on 1 8 ) ~ n u a r y  1955. 

th ree- tube  modif ied L e e - K h i t e  p r o c e d u r e  (1, p. 
256). P l a s m a  prothrombin t i m e  w a s  de te rmined  
by t h e  Link-Shapi ro  modi f ica t ion  (2) of q u i c k ' s  
o n e - s t a g e  method,  u s i n g  S i m p l a s t i n  ( F a r n e r -  
Chi lco t t ) .  Serum prothrombin tests w e r e  done  
by a p r e v i o u s l y  d e s c r i b e d  modi f ica t ion  (3, 4) 
of the  Q u i c k  o n e - s t a g e  method u s i n g  Simplas-  
t i n  ( E a r n e r - C h i l c o t t )  and  F i b r i n o g e n  ( F a r n e r -  
Chi lco t t ) .  F h e n  n o  end-point  w a s  r e a c h e d  
within 3 minutes ,  a reading  of 180+ s e c o n d s  
was recorded.  Prothrombin-free p l a s m a  (Cap-  
p e l )  was u s e d  i n  p l a c e  of f ibr inogen  i n  dupl i -  
cate tests i n  t h e  100, 125, a n d  150 r groups.  

RESULTS 
T h e r e  was  no s i g n i f i c a n t  a l t e r a t i o n  from 

b a s e l i n e  l e v e l s  i n  p l a t e l e t  c o u n t ,  c l o t t i n g  
t i m e ,  or  p l a s m a  prothrombin t i m e .  A l s o  t h e r e  
w a s  no e v i d e n c e  of r e l a t i o n s h i p  of t h e s e  test 
r e s u l t s  to t h e  serum prothrombin t i m e  i n  a n y  
i n s t a n c e  i n  which t h e  l a t t e r  was  pro longed  
a b o v e  a v e r a g e .  T h e r e  was no s i g n i f i c a n t  rela- 
t i o n s h i p  of S P T  c h a n x e s  to a i r  d o s e  or to in -  
te gral  d o s e  in  m e &  a pra 11;- m e n  t p e  n s. 
Serum prot l~ombin  time 

C o m p a r i s o n  of pre -  a n d  p o s t i r r a d i a t i o n  uuer-  
a g e s .  I t  will  be s e e n  from the  d a t a  i n  t a b l e  I 
t h a t  the p o s t t r e a t m e n t  TPT a v e r a g e s  a r e  s i g -  
n i f i c a n t l y  i n c r e a s e d  o v e r  p r e t r e a t m e n t  t imes  
at t h e  .0001 s i g n i f i c a n c e  l e v e l .  

C o m p a r i s o n  of f r e q u e n c y  of p r o l o n g e d  S P T  
pre -  and p o s t i r r a d i a t i o n .  5 i x t y  s e c o n d s  w a s  
u s e d  a s  t h e  approximate  upper  e n d  of t h e  aver-  
a g e  5PT range  (3 ) .  T h e  proport ion of a l l  5 P T  
r e a d i n g s  which fe l l  a b o v e  t h i s  l e v e l  w a s  de- 
termined.  T h e  a v e r a g e  propor t ions  were :  pre-  
i r rad ia t ion  = .I9 1; pos t i r rad ia t ion  = .353; dif-  
f e r e n c e  = .162. The a v e r a g e  d i f f e r e n c e  is 
s t a t i s t i c a l l y  s i g n i f i c a n t l y  l a r g e r  chan 0 ( P  < 
. O l ) .  T h e  number o i  s u b j e c t s  with n e g a t i v e  
d i f f e r e n c e  is 4; w i t h  z e r o  d i f f e r e n c e  is 17; 
with p o s i t i v e  d i f f e r e n c e  i s  20. 

free p l a s m a  ( P F P )  nnd u s i n g  f i b r i n o g e n  ( F ) .  
C o m p a r i s o n  b e t w e e n  S P  T using  p r o t h r o m l i n -  
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T h e  p r e r a d i a t i o n  a v e r a g e  PFP  - SPT was 30.8 
s e c o n d s ,  10.3 s e c o n d s  be low t h e  a v e r a g e  F- 
SPT. T h e  p o s t r a d i a t i o n  a v e r a g e  PFP - SPT 
w a s  37.4 s e c o n d s ,  15.4 s e c o n d s  below t h e  
a v e r a g e  F - '3PT. T h e  a v e r a s  p e r c e n t a g e  in- 
c r e a s e  in  PFP - SPT f o l l o w i n g  x-ray t h e r a p y  
was 15.2 p e r c e n t  whi le  t h e  F - SPT s h o w e d  a 
30.1 p e r c e n t  i n c r e a s e .  To test t h e  h y p o t h e s i s  
t h a t  F - 5PT y i e l d s  h i g h e r  v a l u e s  when P F P  - 
SPT itself is e l e v a t e d ,  t h e  c o r r e l a t i o n  be tween 
t h e  t w o  t e c h n i q u e s  w a s  a n a l y z e d  s t a t i s t i c a l l y .  
T h e  h y p o t h e s i s  of n o  c o r r e l a t i o n  was r e j e c t e d  
at a P v a l u e  of l e s s  t h a n  .Ul in  f a v o r  ot posi-  
t i v e  cor re la t ion .  In 24 o u t  of 33 s u b j e c t s ,  t h e  
c o r r e l a t i o n  was p o s i t i v e ,  

E l e c t r o p h o r e t i c  a n a l y s i s  of f i b r i n o g e n .  (War-  
n e r - C h i l c o t t )  and  of p ro thrombin- f ree  p l a s m a  
( C a p p e l )  i s  p r e s e n t e d  i n  f igure  1. I t  w i l l  b e  
noted  t h a t ,  whi le  i n  t h e  former r e a g e n t  f ibr in-  
o g e n  is p r e s e n t  i n  a s i n g l e  p u r e  p e a k ,  t h e  
l a t t e r  r e a g e n t  c o n t a i n s  f ibr inogen  i n  a mixture  
of o t h e r  p l a s m a  p r o t e i n  c o n s t i t u e n t s .  

. 

Dl SCUSSION 
T h e  d a t a  p r e s e n t e d  i n d i c a t e  t h e  d e v e l o p -  

ment ,  i n  c a n c e r  p a t i e n t s ,  of a n  a l t e r a t i o n  i n  
blood c o a g u l a t i o n  - i.e., i n c r e a s e d  prothrombin 
consumpt ion ,  o c c u r r i n g  wi th in  10 d a y s  fol low- 
i n g  o n e  d o s e  oi t h e r a p e u t i c  t o t a l  body x-irra- 
d ia t ion .  No r e p o r t s  of s i m i l a r  f i n d i n g s  h a v e  
been  found in  t h e  r a d i a t i o n  hemato logy  l i t e r -  
a ture .  In fact, i n  m o s t  of t h e  i n s t a n c e s  i n  
which prothrombin c o n s u m p t i o n  w a s -  s t u d i e d ,  
reduct ion  w a s  n o t e d  at some time fo l lowing  
rad ia t ion  (5-7). I t  is to b e  noted ,  however ,  t h a t  
t h e  d a t a  of J a c k s o n  et al. (5) i n d i c a t e  t h a t  i n  
t h o s e  of the i r  d o g s  w h o s e  prothrombin con-  
sumpt ion  was not  100 p e r c e n t  i n  t h e  c o n t r o l  
per iod  (6 o u t  of 8), a n  i n c r e a s e  to 100 p e r c e n t  
o c c u r r e d  at l e a s t  o n c e  i n  t h e  f i r s t  four d a y s  
fo l lowing  600 r whole-bodv x- i r radiat ion.  Also, 
t h e  mean c o n s u m p t i o n  w a s  i n c r e a s e d  o v e r  
b a s e l i n e  on t h e  first a n d  s e c o n d  d a y  p o s t -  

i r rad ia t ion .  S u b s e q u e n t l y  a marked  decrease 
w a s  found,  however .  

C e r t a i n  l i m i t a t i o n s  of  t h i s  s t u d y  s h o u l d  b e  
c o n s i d e r e d .  For p r a c t i c a l  r e a s o n s  t h e  p a t i e n t s  
s t u d i e d  s e r v e d  as  t h e i r  own c o n t r o l s  pr ior  to 
i r rad ia t ion  a n d  a p a r a l l e l  cont ro l  s e r i e s  was 
aat run. In a d d i t i o n ,  t h e  c o n t r o l  o b s e r v a t i o n  

p o s t i r r a d i a t i o n  one .  T h e  p o s s i b i l i t y  of a gen-  
e r a l  t ime-trend effect o v e r  the  e n t i r e  exper -  
i m e n t a l  per iod  c a n n o t  b e  s e p a r a t e d  c o m p l e t e l y  
from t h a t  of i r r a d i a t i o n  effect a s  t h e  c a u s e  of 
t h e  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n  se- 
rum prothrombin t i m e s  before  and  a f t e r  i r rad ia-  
tion. HQwever ,  t h e  t ime-trend d i f f e r e n c e s  a r e  
not  s t a t i s t i c a l l y  s i g n i f i c a n t  by t-test or by a 
s i g n  test, most  o f  them yie ld ing  a P v a l u e  of 
a b o u t  0.1. Also,  c l i n i c a l  e x p e r i e n c e  with the 
test p r o c e d u r e  e m p l o y e d  (3, 4) did  not sug-  
g e s t  a n y  t ime-trend i n  s e r i a l  o b s e r v a t i o n s  
here tofore .  

Assuming t h a t  t h e  o b s e r v a t i o n s  in  t h i s  pre- 
l iminary  report  a r e  s u b s t a n t i a t e d  by fur ther  
s t u d i e s ,  a n  a t t e m p t  to e x p l a i n  t h e  a p p a r e n t  
c o n t r a d i c t i o n  of t h e  d a t a  i n  r e c e n t  p e r t i n e n t  
l i t e r a t u r e  is i n d i c a t e d .  T h e  frequent ly  noted  
d e c r e a s e  i n  prothrombin consumpt ion  fol lowing 
i r rad ia t ion  is b a s e d  pr imari ly  on s t u d i e s  of 
a n i m a l s ,  u s u a l l y  a f t e r  l a r g e  d o s e s  of x-ray at 
least a p p r o a c h i n g  t h e  l e t h a l  range  and  not 
a l w a y s  in  t h e  i m m e d i a t e  per iod  fol lowing ex- 
posure .  O u r  s u b j e c t s  were  humans ,  rece iv ing  a 
c o m p a r a t i v e l y  low e x p o s u r e  and st' d ied  
promptly.  In addi t ion ,  a l l  of our  s u b j e c t s  had 
metastatic n e o p l a s t i c  d i s e a s e  upon which t h e  
r a d i a t i o n  may h a v e  acted s o m e w h a t  s e l e c t i v e l y .  

Another  d i f f e r e n c e  b e t w e e n  our  s tudy  and 
t h o s e  repor ted  i n  t h e  l i t e r a t u r e  l i e s  in  t h e  SPT 
t e c h n i q u e  employed.  T h e  commonly u t i l i zed  
prothrombin-free p l a s m a  may add o t h e r  pro te in  
s u b s t a n c e s  b e s i d e s  f ibr inogen t o  t h e  test 
s y s t e m  u s e d ,  a s  s h o w n  by e l e c t r o p h o r e s i s  
( f igure  1). T h a t  t h e s e  a d d i t i o n a l  s u b s t a n c e s  
might act t o  m a s k  a b n o r m a l i t i e s  is s u g g e s t e d  
by t h e  c o m p a r a t i v e  r e s u l t s  of SPT performed 
by t h e  two t e c h n i q u e s ,  a n d  by t h e  statistical 
a n a l y s i s  thereof .  T h e  use of pure reagents ,  
when p o s s i b l e ,  i n  o r d e r  to r e d u c e  t h e  v a r i a b l e s  
of c o a g u l a t i o n  test s y s t e m s  is a d v o c a t e d  for 
t h i s  reason .  

Although t h e  r e d u c t i o n  of prothrombin con- 
sumpt ion  and of S P T  h a s  been s t u d i e d  exten- 
s i v e l y  by Quick  (8) a n d  o thers ,  t h e  d in ica1  
s i g n i f i c a n c e  of a n  a l t e r a t i o n  i n  t h e  O P P O ~ ~ ~ ~  
d i r e c t i o n  r e m a i n s  to be determined.  I t  has 
been  o b s e r v e d  t h a t  t h e  a v e r a g e  SPT i n  the 
g e r i a t r i c  a g e  group is higher  than tha t  of young : 
a d u l t s  - -  (3). rr\ Dreskin  ( 9 )  LBSr reported not a a c c o u n t  normal for range  ~h%- ,a. 

TABLE I 
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TABLE I 

Serum prothrombin time t e s t s  

55-65 

iigticr 
iurii ber 
:I u J e d  

Radiation 
level 

(r) - 
25 

50 

75 
100 

125 

150 

Total 

n 
- 

I x- 

41.8 

56.1 

56.5 
47.x37.5 1 

40.7(32.5) 

35.2(27.5) 

48.1(32.5) 

54.3 

39.6 

64 -4 
54.0(42.9) 

52.2(37.3) 
5 2 ;I 3 2 -0) 

65 2( 37.4) 

P f  

n - Number of s u b j e c t s .  
ii- - Average  o f  preradiation S P T  in s e c o n d s  (f ibrinogen technique) .  
Z+ - Average  of postradiation SPT in s e c o n d s  ( f i b r i n o g e n  technique) .  
ii+ - Number of s u b j e c t s  with f+ greater than i-. 
P + -  Proportion of s u b j e c t s  with E+ greater than P-. 
() - C a s e s  s t u d i e d  by prothrombin-free p lasma technique  in addition to 

T h e  E+ v a l u e s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t l y  larger than Y- v a l u e s  

f i brinosen technique. 

at l e v e l  of about  .0001. 

prothrombin c o n s u m p t i o n  e v i d e n t  i n  a 
of normal a n d  d i s e a s e d  s u b j e c t s  in- 
in  h i s  data. 3 u s s m a n  et al. (10) re- 

,o r ted  t h e  a v e r a g e  5PT ih a n u m b e r  of disease 
\ c a f e s .  In many i n s t a n c e s  t h i s  w a s  we l l  a b o v e  

3O-second l e v e l  i n t e r p r e t e d  a s  t h e  l o w e r  
i in i t  of normal  range. No uppe r  l i m i t  w a s  sug -  
: est  e t i ,  h o w  e v e  r. 

I t  seems p o s s i b l e  t h a t  a l t e r a t i o n s  i n  homeo- 
~ ~ s i s  produced  by d i s e a s e  o r  by e x t r i n s i c  
rgents ,  s u c h  as  r ad ia t ion ,  c o u l d  r e s u l t  i n  i m -  
i a l a n c e s  of t h e  many f a c t o r s  i n v o l v e d  in  t h e  
ormation of thromboplastin o r  i n  t h e  conve r -  
; ion  of prothrombin to thrombin. T h e  i n c r e a s e  
n prothrombin consumpt ion  r epor t ed  h e r e  may 
)e a n  ind ica t ion  of t h e  s u m m a t i o n  of t h e s e  
r l te ra t ions ,  occu r r ing  at a t ime  a n d  u n d e r  con- 
l i t i ons  of s t u d y  wh ich  h a v e  n o t  b e e n  c a r r i e d  
1°C prev ious ly .  . T h e  r e a s o n  for t h e  a p p a r e n t  
Lbsence of any  c o r r e l a t i o n  b e t w e e n  o n s e t ,  
nagni tude ,  or dura t ion  of s e r u m  prothrombin 
'me c h a n g e  and e i t h e r  a i r  o r  i n t e g r a l  r ad ia t ion  

a 

B 

FIGURE 1 

Electrophoretic pnttern oj f.4) Jibrinoqen, bovine 
(?'mner-ChikottJ nnrlr3J prothrombin-free plnsmn 

(Cuppel ). 
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d o s e  is n o t  r e a d i l y  appa ren t .  However ,  differ-  
e n c e s  i n  t h e  r a d i o s e n s i t i v i t y  of i n d i v i d u a l s  
and  of n e o p l a s m s  may p l a y  a role .  T h i s  pre-  
l imina ry  r epor t  is made i n  t h e  h o p e  t h a t  fur ther  
o b s e r v a t i o n s  a l o n g  t h e s e  l i n e s  wi l l  a i d  i n  t h e  
proper  i n t e r p r e t a t i o n  of t h e  c o a g u l a t i o n  a l te r -  
a t i o n  n o t e d  herein.  

SUMMARY 

H e m a t o l o g i c a l  s t u d i e s  w e r e  c a r r i e d  o u t  o n  
41 p a t i e n t s  with d i s s e m i n a t e d  n e o p l a s t i c  d i s -  
ease, r e c e i v i n g  t h e r a p e u t i c  whole-body x-irra- 
d i a t ion .  An i n c r e a s e  i n  the  a v e r a g e  se rum 
pro thrombin  t i m e  a n d  i n  t h e  i n c i d e n c e  of pro- 

l o n g e d  se rum prothrombin t i m e s  w a s  found 
a f t e r  i r r ad ia t ion .  G r e a t e r  s e n s i t i v i t y  r e s u l t e d  
when p u r e  f ib r inogen  w a s  u s e d  i n  p l a c e  o f  
prothrombin-free p l a s m a  i n  t h e  o n e - s t a g e  
serum pro thrombin  test. P o s s i b l e  e x p l a n a t i o n s  
for t h e s e  f i n d i n g s  were  d i s c u s s e d .  
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