
SERUM PROTHROMBIN TIME PROLONGATICN 

F 0 L LO W I N G T 0 T A L.-B OD Y X-I H I? A 0 I ,4 T IO E: IN MA N 

AlR1.941130.011 k 

NI EL WALD, CAPTAIN, USAF (MC) 

hportment  of  Radiobiology 

Air Uitirarsity 

USAP SCHOOL OF AVIATION MCDICINE 

December 1955 
RAN001,F'H AF5, TEXAS' 



SERUM PROTHROIABIN TIM E PROL,Ol;GATION 

FOLL 0 W i Id G T Of AL- BO DY X-I R R A D I A T  I ON 1 N MAN 

In  an investigation of the hemacologica! 
effects of a single exposure to rher;iperctic 
total  body x-irradiation in cancer patients,  a 
coagulacion change w a s  observed. The avcr- 
age of postirradiation serum prothrombin tiiiw 
(5PT) values  was significantly elevated over 
the pre t rea tment  average, The  incidence of 
individual SPT prolongations wits atso signif i -  
cant ly  increased after radiacion. In addition, 
i t  was  found thac in duplicate tests of 5PT i n  
w h i c h  the only known variable w a s  the: altcr- 
n a t e  use of prothrombin-free plasma (Cappel), 
and of purified bovine  fibrinogen (Warner- 
Chilcocc), che lalrcr reagent resulted in  a 
significantly more sensi t ive ccsc in the ele- 
vated range. 

MATERIALS ANI) METHODS 
Forty-one patierits having neoplasclc Scsiot1.s - 

w i t h  metastases requiring the use of t o c , l l w  
x-rav therapy,  nccording I O  the Radiat  ion 
Therapy  Committee of M. 0. Anderson Hl3spita1, .. . .. 
w e r e  s tudied .  A I L  were ambularory and, apart  
from their primary djscase, w e r e  in (;enera1 
good health and not cachectic.  X-ray d o s 3 g e s  
delivered i n  a single  total  body expo:;cire LII  
each c a s e  (400 kv., 200 cm. focal-skin ( l is-  
tancc;  4. I mm. copper half-value I c y e r )  rangcici 
from 25 r chrough 150 r i n  25 r steps,SosaEe 
i n  each case  depended on medical require . .  
ments of the patient. Complerc hematological 
s tud ie s  were performed daily i n  a t h e  E O  

five-day baseline per iod immediately Friar io  
therapy. Similar rests were performed immctli- 
acely postirradiation and throuEh a ten-day 
follow-up period before f u r t h e r  radiacion t h e r -  
apy. Only p l a t ~ l c c  co*.ncs, clotring t i m e ,  mci 
plasma and s e w n  prothrombin time tests arc 
considered i n  t h i  s p i e l i m i n a r y  report .  

Platclec count:; w e r e  performed i n  .a Scu- 
bauer counting ckambcr w i t h  [Ices-Ecker d:lu-  
e n t  (1. p. 233) .  Clorting-cime t e s t  used 'was the 

three-tube modified Lee-Fhi te  procedure ( I ,  p ,  
256). Plasma prothrombin time was determined 
by the L.ink-Shapiro modification (2) of quick's 
one-stage method, using Simplasrin ('Tarrier- 
ChiIcott). Serum prothrombin t e s t s  w e r e  done 
by a prcviously described modificrtcion (3, 4 )  
of the  Quick one-stage method using 3implas- 
tin (Varner-Chilcott) and Fibrinogen (Earner- 
Chilcort). Fhen no end-point was reached 
w i t h i n  3 minilces, a r e n d i n g  o( 1SO+ seconds 
was recorded. Prothrombin-fret plasma (Cap- 
pel) was u s e d  i n  place of fibrinogen in dupli- 
ca te  ccsrs i n  t h e  100, 125, a n d  150 r groups.  

RESULTS 
There was no significant alteration from 

baseline l e v e l s  in plazelcc count, clotting 
time, or plasma prothrombin t i m e .  Also  there 
w a s  no cvidertce of relationship of these test 
results co t h e  serum prothrombin time i n  any 
ins:ance in  w h i c h  the Lacter was proIonged 
above average. There was 110 s igni f icant  rela- 
tioriship of SPT chanxes to a i r  dose  or  t o  in- 
re Rr a 1 d os e in tn eg a rr i3 11:- roe r i  t )! B: n s, 
Serum prethombin t ime 

Comparison of pre- and  p o s t i r r a d i a t i o n  aver- 
n g r s .  I t  will be seen from the data i n  table 1 
t h a t  t h e  p,osttreatrnent SPT averages are sig- 
nificancly increased over  prerrearment times 
at the . O O O l  s ignificance level. 

Comparison 01 l requcncy of prolonged S P T  
pre- a n d  f ;o . s t i t rad ia i ron .  Sixty seconds was 
u s e d  as  chc. approximate u p p e r  e n d  of the aver -  
age SPT ranbe (3 ) .  The proportion o f  all SPT 
readings  which fell  above t h i s  level w a s  dc- 
termintd. The average propotcions were: ?re- 
irradiation = .291; post i r rdiacion = , 3 3 3 ;  dif-  
fercnce t .L62. The avr ragc  difference i s  
s ta t is t ical ly  significantty larger  t h a n  0 (P c: 
.01). The n u m b e r  of s u b j e c t s  w i r h  negat ive  
J i i fe rence  is 4 ;  w i t h  zero difference i s  17; 
w i t h  pos i t ive  difference is 20. 

/reo:. p 1 u S m r z  ( P P I ' )  nnd using l i b r i n o c c n  ( F ) .  
i: on) pn r 2.3 3 r;. b c I w c c n 5 P T 11 s i n g  p t o  I h t o n: 6 i n  - 

0 3 .  25. 9 4  3 3 . 0 ?  A ? l  ?a3 
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The preradiation average P F P  - ZPT h a s  j0.S 
seconds, lO,3 seconds b e l o w  the sveral:e F- 
5PT. The poscradiacion average PFP - 5F'T 
was 3:,4 seconds,  1 5 . 4  seconds  beloa the 
average F - ?PT. 'The averake  I?a:rccncage in-  
c r e a s e  in  P F P  - SPT following x-ray  therapy 
was 15.2 percent w h i l e  che F - SPT showed a 
30.1 percent increase,  To test the hypotnes is  
chat F - 5PT yield:; higher values w h e n  F F P  - 
SPT itself  is elevated. che correlation bctv.ct:ri 
t h e  t w o  techniques CVJS analyzcd srat i sc icdly .  
The hypothesis of no correlation was rejected 
at a P value of less than .U1 in favor of posi-  
t i v e  correlation. I n  2 4  out of 3 3  subiects, the  
correlation %as posit ivc,  

E l e c t r o p h o r c t i c  a n a l y s i s  a/  J i b r z n o g r n  (War- 
n e r - c h i l c o t t )  and 69 f b r o t h t o m b i n - / r e  e p l a s m a  
( C u p p e l )  i s  prcsenred in figure 1. It w i i l  be 
noted char, while in [he former reagent f ib r in -  
ogen is present i n  a single pure peak,  t h e  
la t ter  teasent  contains  fibrinogen in a m i x c u t e  
of other plasma protein constituerrrs, 

DISCUSSION 
the dcvclop- 

ment, i n  cancer pacienrs ,  of a n  alceracion i n  
blood coagulation - i .e.,  increased prothrcmbin 
consumpcion, occurring within LO #Jays fol low- 
ing o n e  dose of  therapeutic tocal body x-irra- 
diation. So reports of similar f i n d i n g s  have 
been found in  che radiation hematology l i t e r -  
ature. Is f ac t ,  in most  of the i .nstances in 
w h i c h  prot hrom b i n  consumption was. studied, 
reduction was nored a t  some time iollowing 
radiation (5-7) .  I t  i s  t o  be noced, howtrver, char 
the data of Jackson et a i .  ( 5 )  indicate  thi l t  in  
those of [he i r  Cfog:~ a h o s e  pro th rombin  con- 
sumprion was n o t  100 percent in t h e  co;icrol 
period (6  o u t  of  8>, an inc rease  to 103 percent 
occurred 3: least once  i n  the f i r s t  fou r  days 
foIlowing 600 r whole-bodv x-irradiation. 4,iso, 
the mean consumption was increased o v e r  
baseline a n  the f i r s t  and second day  post- 
irradiation, h b s e q u e n c l y  a m a r k e d  decre:Ltsc 
was found ,  however. 

Certain lirniracion:; of t h i s  scudy snoulcl be 
considered, For practicr:l reasons the pat ien ts .  
s tudied served a s  their own c o n t r D l s  prior t c  

irradiation and cz p:rral;el control series was. 
nor r u n .  I n  addition, chc control observation 
period couid not  be car r ied  on as long as the 

The data presented indicate  

2 

postirradi,icion one. The  possibil i ty o f  a gen- 
eral  time-trend e f f e c t  over the cntirc exper- 
imental period C a n n o t  be separated completely 
f r o m  that  of ir:adiaiion e f f ec t  PJ; the cause  of  
the  statiscic;zfly significant difference in sc-  
r u m  prothrombin times before and after irradia- 
tion. I l c ) w e v e r ,  the time-trend differcnces are 
no t  stati+tici\liy significant by  t - test  or  by a 
s i g n  tes t ,  mos~: o f  them yielding a P v a l u e  of 
shout 0, l .  Also, c l i n i c d  experience Q i t h  the 
resc procedure employed  ( 3 ,  4) d i d  n o t  sug- 
gest any time-crend in serial  observat ions 
he reto fore. 

Assuming ( h a c  che observations in this  pre- 
liminary r e p o r t  are substantiatcd by f u r t h e r  
studies, irn attempt to explain the apparent  
concradicrjon of the data in recent pertinent 
literature is indicated. The frequently noccd 
decrease i n  p r Q t h r o m b i n  consumpt ion  following 
irradiation is based primarily on s tud ie s  of 
animals, u.sunlly after large doses of x-ray at 
least approaching the lcchal range and not 
a l w a y s  i n  the immediate period folIowing ex- 
posure. Our subjecrs were humans, receiving a 
comparatively low exposure and s t '  died  
promptly.  I n  addition, all o f  our sub jec t s  bad 
merascatic n c o p l a s t i c  disease  upon which the 
radiation may h ~ v e  iicced somewhac select ively.  

Another difference between our  study and 
those reported in che l i t e ra ture  !ies in the 5PT 
technique ernployed. The commonly utilized 
prothromhin-free plasma may add o t h e r  protein 
substances besides  fibrinogen L O  the tes t  
sysrem u s e d ,  us s h o w n  by elecrrophorcsis 
(Cigure 1). ?'ha.t t hese  addit ional  s u b s t a n c e s  
m i g h t  act t o  m s s k  abnormalities is suggested 
by the comparative results of  $131 p e r h r m c d  
by the two techniques,  and by the statiscical  
ana lys i s  thewsf. The use of pure  reagents,  
when possible, i n  order  to reduce the variables 
of coagulation test  systems i s  iidvocatcd for 
this reason. 

Although t h e  reduction of  p r o t h r o m b i n  con- 
sumption and or' SPT has been s t u d i e d  exten- 
sively by  Quick (8 )  and o the r s ,  the  clinical 
significance of an alccration i n  the opposice 
direction remains to be determined. I C  h a s  
been obsefveti that the average 5PT i n  che 
geriatric age p r o u p  i s  h ighe r  t h a n  that of young 
a d u l t s  ( 3 ) .  Dreskin (9) reported a normal range 
of 2 5  to 50 seconds but d id  noc accoun t  for the 
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T.IRLE I 

Serum p ret hr 0 7 r  bin t i  n7e 1' e J t s 

56.1 

56.5 
47 .507 .5 )  

40.7( 3 2 0 5 )  

35.2(17.5) 

48.1(32,5) 

n - Number ol subjects. 
5- - Avernjic of p r s t a d i n t i o n  S 1 ~ T  in  seconds ( f ibrinoacn technique) .  
2 +  .. Average of posttadiatioa SPT in seconds ([ibtinor&en tcchniqut ) .  
E+ - Number of a u b j c c t s  orirh E+ greater than b. 
Pc- Proportion of subjects with Z +  grcntcr than 5.. 
(J  - COSCS arudicd by prothrombin. l ree  p lasma rcchniqac in addit ion to 

T h e  i+ v * h c s  arc srsrisrically significantly larger than i- valoca 

fibrinoacn technique. 

at level of about .0001. 

higher prothrombin consumption evidcnr in a 
number of normal a n d  diseased subjects in- 
c luded in his data.  Sussman er a l .  (10) re- 
ported t h e  average 9PT i'n B number of disease 
States. In many insrances chis was well 1bove 
the 30-second 1cvcI i n t e r p r e t e d  a s  cite l o w e r  
l i m i t  of normal range. No upper l i m i t  * v a s  sug= 
gested, however. 

It seems possible  that ~lterations ici homeo- 
stasis produced by disease or by  extrinsic 
agents ,  such a s  radiacicm, could resu1.t i n  im- 
balances of the many factors involved in the 
formation of thromboplastin or i n  the conver- 
sion of prothrombin to thrombin. TLie increase 
in  prothrombin consLrnption reported t.ere .nay 
b e  an indicat ion o f  the surnrnaticn a f  these 
alcerarions, occurtin(; at a t ime  and u n d e r  con- 
ditions of s t u d y  w h i c h  have not beer. carr ied 
out previously. The reason for rhe apparent 
absence of any c o r r e l a t i o n  betaeen onset ,  
magnirude, or duration of serum prothronlb in  
r i m e  change and either a i r  o r  integral  radiat ion 

I 
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dose is  not readily apparent. However, d i f f e r -  
ences in the r#adiosensicivicy of i n d i v i d u a l s  
and of neoplasms may pIay a role, This  pre- 
l iminary report is made i n  the hope that fu r the r  
observations alo.ng these lines w i l l  aid i n  the 
proper interpretation of the coagulation atcer- 
ation noted herein. 

- 

I 

I 
! 

SUMMARY 

Hematological studies were carried out on 
41 pat ients  w i t h  disseminated neoplastic clis- 
ease,  receiving therapeutic whole- b o d y  x-irra- 
diarion. An increase in the average serum 
prothrombin time and in the incidence of pra- 

longed serum p r o t h r o m b i n  times w a s  found 
after irradiation. Greater s e n s i t i v i t y  resulted 
when pur(! f ibrinogen was used  i n  p l a c e  of 
proehronrbiri-Cree plasma in the one-stage 
serum pro th rombin  test. Possible explanations 
for. these findings were discussed, 
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