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ABSTRACT USNRDL-413 

The effects of high intensity r+diant energy thermal burns, total body 
X irradiation, and of combinations of thermal burns and total body X i r -  
radiation upon the blood coagulation mechanism has been investigated in 
rats. 

Total body X irradiation at  a dose of 500 r produces a rapidly develop- 
ing thrombocytopenia and a defective clotting mechanism a s  measured by 
Lee-White and heparin clotting times. At a dose level of 100 r a brief 
thrombocytosis is followed by a transient mild thrombocytopenia. 

The high intensity radiant energy thermal  burns alone produce a brief 
fall in the level of circulating platelets followed by a sustained thrombo- 
cytosis. 

The combined effects of thermal burns and total body X irradiation 
consist of the same initial fall of platelets seen in  burns alone followed 
by the same degree of thrombocytopenia seen in animals receiving total  
body X irradiation at the particular dose given. However, the clotting 
defect, a s  measured by the Lee-White and heparin clotting times, is not 
as severe in the combined injury animals. 

The observed defective coagulation mechanism fails to account for the 
reported enhanced mortality seen in combined injury animals, 
the thrombocytopenia and defective clotting mechanism does permit the 
recognition of casualties in which burns o r  other traumati a r e  complicated 
by the occurrence of superimposed total body X irradiation. 

However, 
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INTRODUCTION USNRDL-413 

The development of atomic weapons and of other uses of nuclear energy 
has created the distinct posdibility of overwhelming numbers of casualties. 
That the injuries resulting from'the use of an atomic weapon would not 
be due to the effect of ionizing radiation, but  would result  from 
a ,--bination of injuries including thermal burns, ionizing radiation, 
wo&s, and fractures  is quite evident from the experience of Nagasaki 
and Hiroshima. Brooks' has presented a clear analysis of the problem 
of burn casualties in the zone closest to the hypocenter of a nuclear deto- 
nation, emphasizing the important role ionizing radiation plays in prog- 
nosis and choice of treatment. 
l i terature a large body of reports of the effects of ionizing radiation 
alone, but as yet only a limited number of studies have appeared docu- 
menting the effects of a combination of thermal burns and ionizing radi- 
ation. Brooks' has reported experiments with dogs which show that a 
a s t inc t  increase in the mortality f rom either trauma alone can be ex- 
pected if combined with the other injury. 
p a r r z  have shown a s imilar  increased mortality from combined thermal 
burns and total body X irradiation. In this Laborator?'* studies with 
rats in both hot water and radiant energy thermal burns has shown the 
same enhanced mortality f rom concomitant total body X irradiation. 

energy burns and total body X irradiation, a s e r i e s  of observations have 
been made of blood coagulation. This study includes observations of the 
modified Lee-White (silicone) clotting time, heparin clotting time, blood 
platelet concentration, and prothrombin time. 

There has already accumulated in the 

Similar studies in mice by 

A s  part  of a large study of the combined effects of high intensity radiant 

METHODS 
~~ 

USNRDL-413 

Animals 

Female rats of the Sprague-Dawley strain,  weighing initially between 
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140 and 180 g and approximately 6 weeks old, f rom the Laboratory colony 
were used in all experiments. They were housed in  individual wire cages 
and fed Purina Chow and water ad lib. The animals were divided into 
seven experimental groups a s  foTows: Group 1-ontrol (C):  Group II- 
500 r total body X irradiation (X,); Group 111-100 r total body X i r rad i -  
ation (XL); Group IV-4 s t r ip  burns plus 100 r (Sal); Group V--2 s t r ip  
burns plus 500 r (BA); Group VI-2 s t r ip  burns (Bz); and Group V I I 4  
s t r ip  burns (B,). 
to frequently by the designation in  parenthesis (C, X5, B A ,  etc.). 

- 

Hereafter the animals of a given group will be referred 

Depilation 

All animals were clipped and depilated using a commercial strontium 
sulfide depilatory according to the method of Kuhl, e t  al. 
72 hr following depilation the animals were anesthetized with pentobarbital 
sodium and were treated according to the experimental procedure. Control 
rats were depilated and anesthetized only. 

Approximately 

Method of Total Body X Irradiation 

The four groups exposed to X irradiation were treated in a 250 K V P  
Westinghouse therapy unit operating at 15 ma, with 0.5 mm Cu and 1 mm 
A1 filter at a skin to target distance of 40 in. and with a dosage rate  of 
23 r/min, HVL 1.5 mmCu. D a s e  ra tes  on a particular day were calculated 
from several  measurements in  air made with a Victoreen chamber. 

Method of Administering Radiant Energy Thermal Burns 

The four groups which were burned were treated by positioning the 
anesthetized rats  on a rotary turntable behind asbestos insulated rectangu- 
lar apertures  measuring 2.5 by 12 cm by means of an elastic cloth sling. 
A Mitchell-Nelson carbon a r c  background projector focused to a usable 
spot 3.5 c m  in diameter was the energy source. 
past the focused beam at a speed of one revolution every 42 sec. 
treatment yields an exposure t ime of approximately 0.4 sec with a total 
energy delivery of 9.0 cal/sq c m  as measured by a black..body radiometer, 
neglecting scattering and reflection. 
f rom a single exposure was slightly overlapped for each succeeding ex- 
posure to produce a contiguous burn. 
gave mean burn areas  which were  15 per.cent of total body area and the 
4 s t r ip  burns (B, and B4XI) gave mean burn a reas  of 25 per  cent of total 
body area.  Histological examination revealed that these burns a r e  e s -  
sentially equivalent to the characterist ic white burn described by Sheline. 
The burns were applied to the back and sides of the animals and did not 
interfere with excretory functions nor seriously impair ambulation. 

The turntable rotated 
Such 

The visible s t r ip  burn resulting 

The 2 s t r ip  burns (Bz and B&) 

6 

Animals in the B4X, and Bz& groups were f i rs t  given total body X i r rad i -  
ation and then burned approximately 20 to 60 min later.  

- 
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A single animal f rom each group was used for determinations performed 
on tbe following days af ter  injury: Days 1, 3. 5 ,  8, 11, 15, 21, and 30.  

pentobarbital sodium and. after a determination of the circulating blood 
a d  red cell volumes by the pz method of Hevesy and Zerahn, ' blood 

were drawn by cardiac puncture through the opened chest. The 
were sacrificed and subjected to complete autopsy, 

each of these days the animals were anesthetized with subcutaneous 

The experiment was run in six replications, each starting at  3 week 
intervals so that a t  each post i 4 u r y  day in each experimental group there 
were six animals with certain exceptions where the number was reduced 
to four or five. 

i Randomization 
I 

The rats  were assigned to individual groups immediately af ter  depilation 
by a random number table. 
particular experimental group for  determinations on any given observation 
day was made by selecting the lowest numbered surviving member of 
that group. 

Blood Sampling Technique 

The selection of a particular rat f rom a 
m 

ed 

The following technique was scrupulously followed in the drawing of 
samples for both clotting times and platelet counts. A clean, dry sili- 
conized 5 ml syringe and 21 gauge non-siliconized needle was used to  
draw approximately 5 ml of blood f rom the exposed right ventricle. 
cardiac puncture must be clean and the withdrawal f ree  of air bubbles and 
interruptions. 
charged into a 10 m l  Erlenmeyer flask containing heparin for other de- 
terminations. 
conized stoppered 13 by 100 mm test tubes. 
bath at  37 C for the determination of the modified Lee-White clotting 
time. 
screw cap vial containing 0.002 mg of heparin. The remaining blood in 
the syringe, approximately 0.5 to 2.0 ml,  was added to the blood in the 
initial Erlenmeyer flask for use in other determinations. By a separate,  
clean cardiac puncture made immediately following the first withdrawal, 
using a clean siliconized 2 ml syringe and a clean non-siliconized 23 
gauge needle that had been previously rinsed and filled with Rees-Ecker 
diluting fluid, approximately 0.5 to 1.0 ml of blood was removed and 
transferred to a dry, siliconized 10 m l  Erlenmeyer flask. 
was immediately used without agitation to pipette the sample for platelet 
count. 

The 

The final 1.0 m l  of blood drawn in the syringe was dis- 

Then 0.4 and 0.6 m l  blood were placed into two clean sili- 
These were placed in  a water 

Next, exactly 1.0 m l  of blood was discharged into a 25 by 100 rrun 

This blood 
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Platelet Count 

Standard Thoma red  cell counting pipettes, standard Levy hemocyto- 
meter  chambers, and Rees-Ecker formalin-citrate mixture as the diluting 
fluid as recommended by Tocantins' have been used. 
samples were shaken for 3 rnin and then set aside. 
the pipettes were reshaken for 3 rnin and the chamber was then filled and 
placed in a moist, covered Pe t r i  dish for 20 to 30 min to allow settling 
of formed elements. To  assure  an  accurate count, scrupulous cleanliness 
of the hemocytometer and cover glass were essential. As an  additional 
check, on each day of counting a blank of the diiuting fluid was drawn up 
and counted. The small number of platelet-like bodies were counted and 
this "background" was subtracted from the measured platelet count to 
give the "true" platelet count. The background correction approximated 
10.000 to 40,OOO/cu mm. 
ments, and occasionally throughout the experiment, duplicate pipettings 
were taken and checked for accuracy of replication. 
was approximately 5 to 10 per  cent. An occasional source of difficulty 
was gross clumping of platelets which led to falsely low counts because 
of the impossibility of counting accurately the platelet aggregations. This 
difficulty could be recognized on inspectlon and counts on these animals 
were discarded. 
clean cardiac puncture. 
counts were performed by the same individual (W. M. D o  ) to assure  identi- 
cal  technique. 

Modified Lee-Whte (Silicone) Clotting Time 

Once pipetted, 
Pr ior  to  counting, 

In an  initial evaluation of the platelet measure- 

The level of accuracy 

Clumping most often followed difficulty in obtaining a 
Ail platelet count manipulations and platelet 

The f i r s t  tube (containing 0.4 ml of blood) in  the water bath was tilted 
at one min intervals until the tube could be inverted. When this point was 
reached the second tube (containing 0.6 ml of blood) was similarly tested. 
Where very long clotting t imes were encountered 5 rnin intervals were 
used. The actual clotting t ime in minutes was measured from the time 
when blood f i rs t  was aspirated into the syringe until the second tube had 
clotted. This modification of the test differed from other versions of 
the coagulation time9 in the use of both siliconized glassware and two 
tubes. 

Heparin Clotting Time" 

The vial containing 0.002 mg of heparin, to which one ml of blood had 
been added, was mixed by gentle swirling and placed in the water bath at  
37 C. It was tested at 5 min intervals for  clot formation by tilting. The 
heparin clotting t ime was recorded as the time from sample withdrawal 
to formation of a solid coin-shaped clot in the bottom of the vial. 

Prothrombin Time 

The method of Quick" was used with siliconized glassware. 
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RESULTS USNRDL-413 

Circulating Platelet Measurements 

Table 1 shows the mean platelet counts of the rats  of the various ex- 
perimental groups on the different days of observation. In Figs. 1 and 
2 these same mean platelet counts a r e  graphed together with the simul- 
taneous mean Lee-White and heparin clotting times. 
findings a r e  apparent. 
initial small but definite fall in level of circulating platelets for  1 t o  3 
days followed by a sustained elevation of the platelet count for the r e -  
mainder of the 30 day period. 
rats receiving the burns of two different severities. 
100 r total body X irradiati.on (Group X,) shows an initial slight. elevation 
in level of platelets fo r  3 to  5 days followed by a fall to  levels well below 
control values. 
by a r i s e  to sustained normal levels. 
500 r total body X irradiation show a rapid and continuing decrease in 
the level of circulating platelets over the initial 8 day period of obser- 
vation so  that by the end of the period circulating platelets have almost 
entirely disappeared. Levels on Days 8 and 11 a r e  consistently below 
100,000 platelets/cu mm of blood. On Day 15 the platelets have begun 
to reappear and two of six animals show levels above 1OO,OOO/cu mm. 
At the end of the 30 day period, platelet levels had reached normal. F o r  
the animals receiving combined total body X irradiation and thermal 
burns (Groups B,X, a,nd B,X,) the graphs of levels of circulating platelets 
a re  almost identical in  pattern to  those of total body X irradiation alone, 
with two exceptions. 
periods show the initial fall of platelets associated with burns alone. 
Animals in Group B,X following the period of maximum depression show 
slightly higher levels Zhan the X, group on Day 21, but levels were still 
distinctly below normal on Day 30. The animals in the B X group on 
Days 15 and 21 show platelet levels which a r e  generally k g h e r  than those 
of the X,  group. 

Lee-White Clotting Time 

In Figs. 1 and 2, the graphs show the changes in the Lee-White clotting 
times for the various groups on the different observation days. Of inter-  
est  is the slight shortening of the clotting t ime to be observed in  the burn 
groups on Days 5 through 30 coincidental with the observed elevation of 
platelet counts in these groups. 
of the clotting time on Days 8 and 11 but a r e  otherwise within the normal 
range. The X, group animals show a prolongation of the clotting time on 
Day 5 and for Days 11 through 21 when the times a re  in excess of 120 min. 
The clotting times on Day 30 in this group are  normal at the same time 

Several  interesting 
The burned rats (Groups B, and B4) show an 

No essential  difference is seen between 
The r a t s  receiving 

This fall is maximal at Days 8 and 11 and is then followed 
In contrast, the rats receiving 

These animals in the initial 1 to  3 day post burn 

The X I  group shows a slight prolongation 
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that platelet concentrations have returned to  normal. The B X, group 
shows a n  initial slight prolongation of the clotting t imes on d a y  1, but 
thereafter, despite changes in the level of the circulating platelets, the 
mean clotting t imes fall within the normal range. The B X, group shows 
a progressive increase in the mean clotting t imes after d a y  3 but mean 
values above 120 min a r e  observed only on Days 11 and 15. 
clotting t imes on Day 21 are only slightly elevated and a r e  normal on 
Day 30. 

The mean 

Heparin Clotting Times 

Figs. 1 and 2 show graphically the mean values for the heparin clotting 
times in the various experimental groups on the different observation 
days. The control mean values show a greater day-to-day fluctuation than 
did the Lee-White clotting t imes,  
better than did the Lee-White clotting time the initial period in the burn 
group and combined injury group when clotting t imes a r e  slightly pro- 
longed in association with a slight fall in platelet levels. 
curves for  the heparin clotting time in the various groups m i r r o r  very 
closely the observed changes in the Lee-White clotting time. 

The heparin clotting t imes bring out 

Otherwise, the 

Prothrombin Times I 
The mean prothrombin t imes for  the various experimental groups at 

the different observation points a r e  all in the range of 17 t o  20 sec. These 
values do not differ significantly f r o m  the control values. 

Degree of Correlation between the Level of Blood Platelets and 
Measurements of Clotting Time 

In an  effort to  compare the relative usefulness and reliability of these 
different determinations of blood coagulation, the three independent de- 
terminations on individual animals have been used to calculate the cor re-  
lation coefficient (r) for any two different determinations for the entire 
experimental se r ies ,  for the control group, and the B, group, 
of these calculations a r e  shown in Table 2. 

The results 

The good degree of correlation f o r  the control se r ies  between any two 
estimations of blood coagulability indicates that no single measurement 
has advantages over another and the same physiological variables a r e  
probably being evaluated. However. the correlation between platelet 
counts and either clotting t ime is seen to be relatively better in the 
control group than the experimental groups. 
be advanced at present. ’ 

No explanation for this can 
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DISCUSSION USNRDL-413 

These Observations of the blood coagulation mechanism following 
therrnd burns, total body x irradiation at two levels of dosage, and 
thermal burns combined with total body X irradiation at the same two 
levels of dosage reveal a number of interesting points. Our observations 
in the pronounced rapidly developing thrombocytopenia which is expected at 

The changes in Lee-White clotting time and heparin 
clotting time vary in  an  inverse manner to the change in platelet levels. 
Tfis is in agreement with a large body of observations on the effect of 
various levels of total body X irradiation in different animal species. 
cOhl* in  careful study of the hemorrhagic syndrome in rats  following 
400 
defect was the thrombocytopenia and that defect could be most accurately 
measured quantitatively by means of the heparin clotting time and electr i -  
cal resistance measu:ements of blood, using the method developed by 
Rosenthal and Tobias. They emphasize the finding of a normal Lee-White 
clotting time (unsiliconized glassware) despite the severity of the defect 
as measured by other tests.  The rate of clot retraction a s  determined 
by electrical resistance measurements correlated well with platelet levels. 
Furthermore, the presence and degree of post-irradiation hemorrhage 
was correlated with the defective coagulation mechanism and was maximal 
at 16 days. 

receiving total body X irradiation in a dose of 500 r alone show 

dosage level. 

total body X irradiation showed that the predominant feature of the 

Rosenthal'* made a careful study of the semi-quantitative c h g e s  in  
the bone marrow of ra ts  subjected to 700 r total body X irradiation. No 
apparent change occurred in the megakaryocytes in the f i rs t  24 h r  butin 
the subsequent 3 to 5 day period they gradually decreased and were absent 
from Days 7 to 15. After Day 1 5  a few megakaryocytes were seen to 
reappear but only in the animals showing beginning increases  in  total  
marrow cellularity. 
cytopenia in rabbits subjected to X irradiation over a range of 200 to 
1000 r. This was associated with diminished clot retraction. However, 
in  the rabbit as contrasted with other species no conspicuous hemorrhagic 
response was seen. They found no evidence of circulating anticoagulants. 

Rosenthal" also demonstrated the striking thrombo- 

Jackson'6 has reported that the abnormal blood coagulation, spontaneous 
purpura, and thrombocytopenia occurring following 600 r total body X 
irradiation in dogs were closely related. They observed normal pro- 
thrombin times and failed to find any conclusive evidence for a circulatory 
anticoagulant substance. They concluded that the post-irradiation clotting 
defect is largely due to the observed decrease in the number of circulatory 
platelets. 
atomic bomb tes t s  a t  Bikini attributes the hemorrhagic syndrome to a 

Cronkite" in observations on goats and swine exposed at  the 
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combination of a vascular defect plus the thrombocytopenia. 
prolonged whole blood coagulation t imes only in fatally irradiated animals. 
Certain observations in some animals suggested heparinemia but it was 
not a consistent o r  convincing finding. 

They found 

It has been concluded by Cronkite" f rom t h i s  large body of observations 
that the effect of the X irradiation in  sufficient dosage is mediated through 
the destruction of practically a l l  megakaryocyte activity and platelet pro- 
duction. With the known limited lifespan of platelets these rapidly d i s a p  
pear f rom the peripheral  blood. 
second and third weeks has been shown to be correlated with the reap- 
pearance of megakaryocytes in the bone marrow. 

Their reappearance in  the blood in the 

In contrast to the group of animals receiving 500 r, the animals r e -  
ceiving irradiation at the dosage level of 100 r show a brief elevation on 
hrys 1. 3, and 5 of the platelet count, suggesting increased release of 
platelets followed later by a brief period (Days 8 and 11) of depression 
of platelet levels. 
depression produced by 100 r total body X irradiation. 
levels promptly return to normal levels in the subsequent period (Days 
15, 21 and 30). 
and heparin clotting time m i r r o r  in an inverse degree the changes in level 
of circulating platelets. 

This would be expected from the degree of bone marrow 
The platelet 

Again, in general the changes in Lee-White clotting time 

In the burned animals, no essential differences were observed in 
animals receiving the burns of two different degrees of severity. 
groups show an  initial fall in platelets lasting 1 to 3 days followed by 
sustained elevation of blood platelet levels. 
or  immediately after the burn process,  platelets were being utilized and/ 
or  destroyed. 
increased platelet production occurs to counteract this process.  It cannot 
be excluded, but it seems unlikely, that in the initial period there m a y  
be a period of decreased platelet production. If this were so ,  the platelet 
count would not be expected to fall immediately after the burn, but rather 
af ter  a several  day "lag" period, a s  in the animals receiving 500 r i r radi-  
ation. 
following burns but it has been shown that thrombocytosis does occur f r e -  
quently following surgical trauma, fractures ,  burns. and a variety of 
other traumata as reported by Tocantins. 

Both 

This suggests that during 

Either this process is self-limited or ,  after this period, 

There a r e  on1y;limited studies of the changes in.blood platelets 

19 

In the group of animals receiving both traumata, a combination of these 
effects is observed. 
show a fall which is approximately to the same level a s  in  the animals 
receiving burns only. 
which is nearly identical with that of the animals receiving total body X 
irradiation alone. ~ There is no evidence of a more rapid disappearance 
of platelets in those animals a s  compared with those receiving a com- 
parable dose of total body X irradiation alone. 

In the initial 1 t o  3 d a y  observation period platelets 

Subsequent to  this period the animals show a pattern 

This suggests again that, 
- 

-10- 



lese 
e ts  

xttern 
X 
e 

'at,  

. -  
the third day, there  is no increased utilization and/or destruction 

beylatelets as a result  of the burn. 
Of 
sugg begins on o r  about Day 15, Proceeds at approximately-the same rate  as 

those animals receiving the comparable dose of total body X irradiation 
It is of considerable interest  that, despite the fact  that the platelet in 

alone 
levels a r e  comparable in  the x5 and qx5 groups and in the X, and B X 
groups for  given observation days between Days 5 and 21. the defect(& 
blood coagulation as measured by the Lee-White clotting time and heparin 
clotting time is not as severe in the animals receiving the combined injury 
as in those receiving irradiation Ody. 
explained. There a r e  no reports in the l i terature of comparable studies 
of blood coagulation in animals receiving a combination of thermal burns 
and total body X irradiation. 

on the basis of our findings the coagulation mechanism has shorn no 
essential differences among these groups despite the observed'* & 3r  
increased mortality in  the combined injury group as compared with the 
irra&ated-only group. 
A l p e n 3 ~  ' shows an enhznced mortality both in the initial 72 hr period 
iollowing burning and in  the later period when deaths from irradiation 
alone a r e  expected. During both of these periods the mean levels of 
circulating platelets and mean clotting t imes a r e  essentially identical in 
the combined injury and the irradiated animals. 

The evidence is inconclusive but 
ests that in those animals surviving,the recovery nrocess,  which 

This finding cannot be readily 

The mortality and survival pattern described by 

our observations of platelet counts and both modified Lee-White and 
heparin clotting times have been analyzed fo r  degree of correlation. The 
calculated correlation coefficients a r e  interpreted as showing no inherent 
advantage to the measurement of any one variable as 2 measure of de.- 
fective blood coagulation. 
cally difficult but do require careful attention to  detail and accurate repli- 
cation of technique, the use of any one o r  two of these measurements will 
supply the necessary information in  any study of either irradiated and/or 
burnrd animals. 

Since all these determinations are not techni- 

Our selection of these three particular measurements was made with 
a view to their  possible practical use in  the evaluation of casualties. It 
is apparent that they are not necessarily the best measures of the extent 
of post-irradiation coagulation defect. 
been impressed with the ilsefulness of e lectr ical  resistance measurements 
of blood. However, at present, this t e s t  must remain an investigative 
rather than a clinical laboratory tool. 
measures the prolongation of the clotting time produced by a measured 
amount of added heparin, is a more sensitive test  than the standard or  
modified Lee-White clotting time, but i s  in the long run subject to  the 
same e r ro r s ,  occurring as a result of poor venepuncture o r  faulty teck- 
nique in measurement. 
usefulness as compared with the Lee-White clotting time because of i t s  

Both Rosenthal and Cohn have 

The heparin clotting time, which 

This increased sensitivity sharply limits its 

-11- 
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susceptibility to technical defects. 
better correlated with the level of circulating platelets than the modified 
Lee-White clotting time. 

In our hands, it was only slightly 

The modified Lee-White (silicone) method gives a coagulation time 
which is definitely prolonged as compared with the standard tes t  in ordi- 
nary glassware. 
cation of the surface to which the blood specimen is exposed. 
careful technique a fairly uniform surface is obtained and since this pro- 
longation of the time increases  the sensitivity of the test, we recommend 
the modified Lee-White clotting time a s  a useful method. It still is sub- 
ject to the same e r r o r s  inherent in the other measurements of clotting 
time due t o  faulty sampling technique. 

This prolongation appears to result  from the modifi- 
Since by 
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SUMMARY USNRD L-4 1 3 - 
 his study of the blood coagulation mechanism reports the findings in 

rats subjected to high intensity radiant energy thermal burns, total body 
x irradiation, m.d the combination of thermal burns and total body X ir- 
radiation, and includes observations of modified Lee -White clotting time, 
heparin clotting time. blood platelet concentration, and prothrombin time, 

The total body X irradiation in a dose of 500 r alone produces a rapidly 
developing thrombocytopenia and defective clotting mechanisms as 
measured by Lee-White and heparin clotting times. At a dose level of 
100 r a brief thrombocytosis is  followed by a transient mild thrombocyto- 
penia, which is  reflected in changes in both the Lee-White and heparin 

times. 

The high intensity radiant energy thermal  burns produce a brief fall  
in the level of circulating platelets followed by a sustained thrombocytosis. 

The combined effects of thermal burns and total body X irradiation 
consist of the same initial fall in platelets seen in burns alone followed 
by the same degree of thrombocytopenia seen in animals receiving total 
body X irradiation at the particular dose given. In this  pattern no s ig -  
nificant differences a r e  observed between the animals recelving the total 
body X irradiation alone and the combined thermal burn and X irradiation, 
with the exception that the coagulation defect, a s  measured by the Lee- 
White clotting time and heparin clotting time, is not a s  severe in the 
animals receiving the combined injury. 

Despite the enhanced mortality seen in animals receiving the combined 
traumata it is apparent that the observed defective coagulation mechanism 
fails to account for  this increased mortality. From a clinical point of 
view, however, the observed thrombocytopenia and defective clotting 
mechanism does permit the recognition of casualties in which thermal 
burns or other traumata is  complicated by the occurrence of superimposed 
total body X irradiation and the degree of thrombocytopenia is correlated 
with the dose of total body X irradiation. 
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TABLE 1 

Platelet Counts of the Various Experimental 
Groups on the Different Days of Observation 

Experimental Platelet Counu (no./cu mrn x IOm3) on Varioru Days after Exposure 
m.n(a) 

1 3 5 8 11 15 21 30 
- - - -r  

Mean I4db)  141 131(b) 103 182 545 851 I11 
SD 101 13 13 1 210 71 131 131 104 control 

Meln 
'4'1 SD 

Mean 661 906 886 601 490 899 838 757 
=1 SD 181 181 164 102 99 143 101 65 

Mean 803 738 . 380 22 8 81 383 719 
x 5  sn rn 164 98 32 12 62 315 166 

534 855 989 521 605 1.031 1.063 Edb) 
145 180 148 203 205 249 213 143 

645 641 319 29 28 91 551 61dC) 
205 13 e4 26 31 113 408 110 

636@) 819 901 1.026 830 942 939 146 
101 104 102 148 139 99 182 159 

Mean 
5'5 SD 

Mean 
Bz SD 

Mean I 6 6 4  631@) 1,000 947 1.048@) 1.021 93dC) 926 
B4 SD 112 136 143 159 214 234 111 183 

~ ~~~~ ~ ~~ 

(a) Six animals constituted each experlmenul p u p  except where noted. 

(b) Five animals in goup. 

(') FW animals in group. 

TABLE 2 

Calculated Correlation Coefficients (r) for 
Different Determinations of Blood Coagulation 

Deierminntioa Entire Series Conuol Group E4 Group 

~ 

Plareleu and &-white C. T. -0.757 -0.891 -0.877 

Platelets and Hepin  C. T. -0.684 -0.899 -0.116 

&-White C. T. and Heparin C. T. t0.872 +0.930 t 0.946 
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Fig. 1 Measurements of Blood Platelets. Lee-White ClOning Time. and Heparin Cloning Time in the 
Convol Group and Burn Groups (I$ and B4). Values are the mean of determinations for a given 

observation day 
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X-IRIuOIAl lON ONLY 1.100 - . - .-.x. 
bl.0.3- .--* X I  - 

Fig. 2 Meartlremcno of Mood Plateleu. Lee-WhiIe Clotting Time and Heparin Clontng Time io the 
Total Body Irradiation Group, (X, and X5) and In the Combined Injury Group, (B4X1 and BZX& 

Valuer are the mean of derermlnarioac for a given observation day 

-18- 



U N C L A  _ _ _ _ _ _ _  S S I F I E D  __-- 

e 
1-6 
7-8 
9-10 
11 

14- 16 

19 
20 
21 
22 
23 
24-25 
26 
21 
28 
29 
90-32 
33 
34 
35 
36 
31 
38 
39-40 
41 
42 
43 
44 
45 
46-41 
48 
49-50 
51-52 
53 
54-56 
SI 
58 

12- 13 

11-18 

U N C  L A S S  I F IE D - - - -- - - -- - - - 

NAVY 

aef, h e a u  of Ships (code 348) 
chief, m e a u  of Ships (Code 366, for f a d i n g )  
chief. b e a u  of Medicine and Surgrxy 
aef. Bureau of Medicine and Surgery (for for&@ 

chief. Bureau of Supplieo and Accomts (Code w) 
chief, Bureau of Yards and Doeka (P-312) 
chief,  ea^ of mdnancc 
Chief. b e a u  of Personnel (pea  C) 
Chief of Naval Research 
Chief of Naval Research (Code 219) 
office of Naval Research (Code 441) 
Director. office of Naval Re-ch Ranch Office, SF 
Chief of Naval O p e r P C i W  (Op-96) 
Chief of Naval OperatiOW (Op-51) 
Chief of Naval Operations ( o ~ - ~ x / o E G )  
commander. New Ymk Naval Shipyard (Material h b . )  
Director. Naval Research Laboratory (Code 21x1) 
Naval Research Laboratory (Hulburt) 
co, Naval Medical Resedrch Institute 
Naval Medical Field Resemch Lab., camp Lejeme 
co, Naval Unit. Army Chemlcrl Center 
co, Naval Unit. CrnlC Training Command 
c o ,  0. S. Naval Civil Engineerin3 (Res. and Eval. Lab. ) 
CO, U.S. Naval Civil Engineering Rer.and E n l . u b .  (Code 753) 
U. S. Naval School (CEC Officers) 
CO, Naval Air  Material Center, Philadelphia 
CO, Naval Air Development Center, Johnsville 
Aviation Medical Acceleratiou Laboratory 
CO. Naval Damage Control Training Ceutu. Treasure ~ a h d  
CO, Naval Schools Command. Treasure Island 
CO. Naval Damage control Training c e ~ t ~ .  pmde1@U 
CO, Fleet Training Cenru, Norfollr 
CO. Fleet TnR.ining Center. San Diego (SPWP school) 
CO. Fleet Training Center. San Diego 
Commander Training Comrmnd. pacific Fleet 
Commander A h  Force. Atlantic Fleet (Code 1 6 ~ )  
CO. Air Dmlopment Squadron. Moffett Field 

- 

chief, Bureau Of A ~ I W U ~ ~ C S  



. 
' 1  

59 
60 
61  
62 
63 
64 
65 
66-61 
68-69 
I O  
I 1  
I 2  
13 
14 
75-18 
19-80 

i 

I 

! 

i 

8 1  
i :  82 

83 
e4 
85-81 
88-89 
90 
9 1  
92 
93 
94 
95-96 
91-98 
99 
100 
101-103 
104 
105 
106 
101-110 
111 
1 12 
113 
114 
115-116 
111 
118-119 
120 
121 

CO. Naval Ordnance Lab., Silver Spririgs (Alias) 
CO, Naval Ordnance Lab., Silver Springs (Aliex) 
CO, Naval Qdnance Lab., Silver Springs (EE) 
CO. Naval Electronfcs Lab., San Diego (Code 210) 
CO. Naval Clothing Factow, Brooklyn 
CO. David W. Taylor Model Basin 
co. Naval Ordnance Test Station. Inyokern 
CinC. U.S. Atlantic Fleet 
CinC. u. s. Pacific Fleet 
CO. Operational Development Force, Atlantic Fleet (Air Slept.) 
CO. Operational Development Force, Atlantic Fleet (Tact. Dev.) 
CO, Naval Postgraduate School. Monterey 
President. Naval War College, Newport 
Commandant. U.S. Marine Gmps (G-4) 
Commandant. U. S. Marine Corps (AO3H) 
Commandant. Marine Corps Schools, Quantico 
Director. Marine Corps Development Center (Tactics Wd) 
Director. Marine Corpr Development Center (Equipment Board) 

ARMY 

Chief of Engineers. Department of the Army (ENGEB, Dhein) 
Chief of Englneen (Engineering Division) 
CO, CmlC Chemical and Radiological Laboratories (Library) 
CG. CmlC Res. and Eng. Command. ACmlC. Maryland 
CG. Chemical Corps Materiel Command 
Radiological Division, CmlC Chemical and Radiological Lab. 
Chemical Corps Training Command (Library) 
Chief, Research and Development 
Chief of Transportation 
Chief Chemical Officer 
CG. Aberdeen Roving Grounds (Res, and Dev. Lab.) 
CO. Chemical Corps Medical Laboratories 
Office of Chief Signal Officer (SIGCG-P) 
Office of Chief Signal Officer (SIGOP) 
Chief of Ordnance (ORDTX-AR) 
Army Field Forces Board No. 1. Fort Ragg 
Army Field Forces Board No. 4. Fort BlLu 
Chief. Army Field Forces. Fort M o m  
CO, Army Medlul Research Laboratory. F a r  Knox 
Surgical Rerearch Unlt. Brooke Army Hospiul 
Army Media l  Service Graduate School 
Medical Field Service School. Fort Sam Houston 
Chief. Philadelphia Qunermaster R u .  and. Dev. Lab. (Library) 
Chief, Philadelphia Quaunermaster Res. and Dev. Lab. (Daviu) 
Quartermaster General, C m  Liaison Office 
Direcror. Operations Research Office 
CO. Engineer Res. acd Dev. Lab., Fort Belvoir 

- 

U - 

li 
1: 
I2 
1: 
1: 
I: 
1: 
1: 
1: 
1: 
1: 
1: 
I: 
1; 
1' 
1; 

1 4  
1' 
li 

14 

1< 
I' 
1: 
1: 

I! 
1: 
1: 

1' 
1: 
1. 

1: 
11 
It 
I t  
1t 
l i  
II 
11 
1- 

1 -, 
I '  
1: 
1- 
I' 
1' 
1. 

! 

i 

- 2 0 -  



D 

l~z .124  
126 
196 
fl 
128 
le8.131 
132 
IS 
181 
is5 
158-131 
138.199 
140 
I4 1 
142 
149 
144 
I45 
I46 
14'1 
146 
149 
150 
151 -152 
15.9 
154 
155 
156 
131 
138 
159 

162- 164 
165 
166 
167 
168 
169 
170-171 

160- 161 

172 
173 
114-176 
176 
177 

178 
178 

A m  F C X E  

Difecu~albtc of Res, and Deu. (AFDRC)-W) 
Dlnetarate of Res.  and k v .  XS/D 
Dlrectorrtc of Inlelligence (AFOW-lB) 
Direcforite of Requirements [AFDRQ-SA/M) 
Directorate of Plans (war Plann Divisbon) 
DLrectar of Operations (OperrtlMs ~nniyair) 
Direeta of Operattmo 

-21 -  

U N C L A S S I F I E D  ---- ---- --- - 



180-181 
182-183 
184 
185 
186 
181 
188 
189 
190 
191-193 
1% 
195-196 
197 
198 
199 
200 
201-202 
203-204 
205 
206-208 
209-211 
212-213 
214-215 
216-211 
218-222 
223 
224 
225 
226-228 
229 

230-238 
239-244 
215 
246 
247-258 
259 
260-261 
262 
263-266 
267-271 
212 
273 
274 
215 
216 
277 

. 

CG. Air Mzterlel Comrnatid (UCHIDX-4) 
Asistant for Development P h o i n g  
Assistant for Atomic Energy @CS/O) 
Surgeon General (Biological Defense Branch) 
CG. Wright Ai.; Development Ceriter (WCOES) 
CG. Wrlght Air Development Center (WCRDO) 
CC. Wright A i r  Dcvelopment Cemer (WCRTN) 
CG, Wright A i r  Dev*!op.?ent Center (WCOESP) 
US.4F Institute of Tec.nnology, Wrlght Patterson ALr Force 
CG, Air Res. and Dev. Command (RDDDN) 
CG. Air Res. and Dev. Command (RDDDH) 
USAF, School of Aviation Medlclne 
USAF. School of Aviation Medicine (Brooks) 
CG. Snategic Air Commnd, Offutt A i r  Force Base (DM6A) 
CG, Suategir Air Command (Operations Analysis) 
CG. Air Defens Command, En[ Air Force Base (ADMAR-2) 
CG. Alaskan Air Command (AAUTN) 
CG, Northeast Air Command {Defeme Division) 
CG, Air Proving Ground. Eglin Air  Force Eaie (AFfTRB) 
CG, Special Weapons Cc-nmand, Kinland Air Force Base 
CG. Tactical Air  Command, Langley Air  Force Bare 
CG, At t  Tralning Command. Scott A i r  Force Base @cs/o, GTP) 
CO. Air Commcd and Staff School. Maxwell Ah Force Base 
CG. A i r  University. M3~Well A i r  Fmce Base 
Department of Armament Traintng. L m y  A i r  Force Base 
CG. Cambridge Research Center (CRTSL-2) 
CG. Cambridge Research Center (CRW) 
CG. Cambridge Research Center (Atamic Warfare Dir. ) 
CG. 10@9th Special Wenpnu Squadron 
CG. Fat Elst A i r  Forcer 

OTHER DOD ACTIVITIES 

Chief. Armed Forces Specidl Weapons Project 
AFSWP. Hq., Field Command, Sandia Bare 
AFSWP, Technical Training Group, Sandfa Base 
Res. and Dev. h a r d ,  Committee on Atomic Energy 
Res. and Dev. Board. Committee on Medical Sciences 
Chairma& Res. and D e v .  Board (Technical Library) 
Armed Forces Medical Library 
Armed Forces lmtifute of Pathologf 
ASTIA Reference Center 
Armed Services Technical loformatton Agency 
Chairman. Armed Services Explosivea &rd 
Commandant. Armed Forces Suff College (Secretary) 
Aubmnt for Civil Defeme. Gffice of Secretary of Defense 
Director. Weapons systems Evaluation soup 
Executive Secretary, Joint Chiefs of Suff  
Executive Secretary, Military Llaiwn Committee - 

-22 -  

2 
2 
2 
2 
2 
2' 
2 
2' 
2 
3' 
31 
31 
31 
3: 
3: 
3: 
3: 
3: 
3: 
3: 
3: 
3: 
3: 
3: 
33 
33 
32 
3: 
34 
34 
34 
3 
3 
3. 
31 
3: 
3, 
3 
3 
3 
3 
3 
3 
1 
2 



278-285 
gg8-281 
9a-289 
290-292 
293 
2% 
295 
2s-298 
295-302 
903 
3M-SO5 
Sob 
307 
508-309 
310-317 
318-319 
320 
321-3u 
325 
326 
327-328 
329 
330 
331-5332 
333 
334-337 
938 
339 
340 
341-342 
343-344 
345-347 
9(8 
349 
350-353 
m-355 
356 
357 
358 
359 
960 
361 
962 
363 
364 
365 
386 

-23- 

U N C  L A S S l F I E D  - -- -- ------- 



361-369 
310 
311-314 
315-316 
311 
318 
319 
380-385 
386-389 
390 
391-392 
393 
3% 
395 
396 
391 
398 
399-413 
4 14 
415-417 
418-419 
420 
421-422 
423 
424-425 
426 
421 
428 
429 
430 
431-434 
435-436 
437 - 511 

512-550 

National Research Council. Ottawa 
New R&ck Laboratory 
New Yak operations office 
North American Aviation, Inc. 
Nuclear Development Auoctatcs. Inc. 
Oak Ridge Institute of Nuclear Studies 
Patent Ranch, Washingtoa 
P h i l i p  petroleum Company 
Public Health Service, Washington 
RAND carpration (Goldstein) 
RAND corporation (~uc lea r  Energy Division) 
Sandta Corporation (Applied Physics Division) 
Savannah River operations Cffice, Augusta 
Strong Memarial Hospital (Pearae) 
Tokyo Universiry 
U. S. Geological Survey (Nolan) 
UCLA Medical Research Laboratory 
United Kingdom Scientific Wioa 
University of California (ulginuring Rwurch) 
University of California Radiation Lab., Berkeley 
University of California Radiation Lab., Livermare 
University of Chicago Radiation Laboratory 
University of Michigan (tomberg) 
University of Pennsylvania School of Medicine (Hardy) 
Univeaity of Rochester (Technical Report Unit) 
Unlverslty of Tennessee (Conur) 
Universlty of Utah ( h e r s )  
University of Washlugton. Applied Fiaheries Lab. 
Vitro Corporation of America 
Watertovm Arsenal 
Westein Reserve University 
Westinghouse Electric corporation 
Technical Information Service. Oak Ridge 

USNROL - 
USNRDL, Technical Informtion Division 

DATE ISSUED: 17  November 1953 

-24- 



"Rcfcrcncrs" (19 r e f s . )  

Thc effects of high intensity radmnt energy thermal  
bnrn.. total body X irradialion. and of combinations of 
thermal  burns  and total body X i r rad ia t ion  upon fhc 
blood coagulation mcchani im has bcrv investigated in 
rat.. 

Total body X Irradiation I t  li dose of 500 I prodvcel 1 
.apidly developing thrombocytopenia and a dclrctive 
clottinp mechanism 1s measured  by L I s - W b l r  and 
heparin clotting t i m e s .  At 1 dese lcvcl of 100 I 1 b r i d  
thrombocytolis is followed by a Lrsnaient mild thrombo- 
eytopenil. 

The high In tens i ty  radiant cnergy 
thermal  burns  ilonr produce a (over) 

1. Blood - Radiation 

2 .  X radiation - i"j"fiCS 

Physiological c f -  
k C t *  

I .  Thcxmal radia. 
tion - Pathdo-  

1. Davis. W .  M. 
11. Davis. A. K. 
111. NU O O b  015 

gtcail . f f ec l l  

UNCLASSIFIED 

I 

Naval Radiol~gical  Defensc Ubarafory.  
USNRDL-413 (AfSWP-473). 

COMIIINED EFFECTS O F  TOTAL OODY X IRRADI- 
ATloN ANU RADIANT ENERGY THERMAL *URNS: 1. 
STUDY O F  3LOOD COAGULATION. by W. M. Davis. 
A. K. Davis and DLhcrI. 22 October 1Y53. 24 p. 

UNCUSSIFILD 

I .  J lood . Radiation I i"J..i., 

3. Thermal rrdla.  
,.on . Patholo- 

1. Davis. W .  M. 
11. Davis. A. K. 
LIT. NM Ob6 b i 5  

g,cat C f l . C t .  

I 

"Rcfcrencts" ( I 9  r e f s . )  
The cllccfs of high intensity radiant energy thermal 

burns. total body X irradiation. and of combinations of 
thermal  burns and total body X i r rad ia t ion  upon the 
blood coagulation mechanism h i s  been invea t ip t cd  ~n 
111.. 

mpidly developing thrombocytopenia and a dclecriue 
clotting m e c h a n i s m  as measured  by Lee-Whi te  and 
heparin clott ing times. A t  a doae level of 100 r a brief 
th romhoci to i i*  is lollowed by a transient mild thrombo- 

Tala1 body X i r rad ia t ion  at a dosc -1 500 r producer a 

<*topenil. 
Thr  high intenslly radiant energy 

thermal  burns  alone prodvcc a (over) 

1. Blood - Radiation 

2 .  X radiation ~ 

inJ..i.. 

Phy%mloglcrl  ef- 
fect* 

3. Thermal radia- 
tion - Patholo- 
pica1 effect. 

I. Davis. W. M. 
11. Davis. A. K. 
iI1. NU OU6 015 

UNCLASSlFlEU 

Naval Rddlologicil Dcfcnae u b o r a l o r y .  

COMBlNED EFFECTS D f  TOTAL BODY X IRRADI- 
ATlON AND RADIANT ENERGY THERMAL BURNS: 1. 
STUDY O F  BWOD COAGULATION. by W. M. Davis. 
A. K. Daum and other.. 22 OCtObcr iY53. 24 p. 

USNRDL.413 (AFSWP-473). 

UNCLASSIFIED 

1.  alood - Radialion 

2 .  X radiation . i",YILe. 

Physiological c l -  
fcct, 

3. T ~ c r m a I  radia. 
tion - Pathdo .  

II 

I ni 



br iar  fa11 In the lrrrl of c lrculat lr~I  PllW- 
1.1. Iol lored bv s su.t.incd thlombocy- 
1o.i.. 

The combined effects 01 thermal  burn, 
and t m d  body X irradiation ~on9i.t of the l a m e  initial 
fall of platelet. sren In burn. alone lollowed by the same 
degree 01 Ihrombocytopcnia seen In lnlmlli  receiving 
tots1 body x i r radiat ion at the par t icular  doac given. 
Howcvcr. the clotting dclect. L. ms..ured by the Lac- 
Whitr and heparin clotting times. IS not .. S C Y ~ Z C  in lhe 
combined i n p r y  mlm*ls. 

icceunt for the reported enhanced mortal i ty  Been in 
combined in]ury mlmals. However. the thrombocyto- 
penia m d  defective clotting mcchan1.m docs permi t  the 
recognition 01 c~SUah1e1 in which burns or other 
traumata are complicated by thc o c ~ u r r e n ~ e  of super -  
imposed t ~ a l  body x i r radiat ion.  

The observed defective corpul.tion mechanism fai ls  10 

brief fall i n  the lcvcl of ctrculal?ng plate- 
lets followed by a?wslr incd thrombocy- 
tosis. 

and total body X i r radiat ion eonairt of Lhe same initial 
fa i l  of platelets  seen in  burn, done lollowed by the same 
dcgrec of thrombocytopenia reen  in rnlmali receiving 
total body X i r radiat ion at the p a r t l ~ u l i r  dose given. 
However. the clotting defect. as measured by lhc Lee- 
While and heparin  lotting times. I S  not as SSYCII i n  the 
combined in]ary animals. 

The observed defective ~o.pitlati.on m e c h m i r m  fails t o  
~ E C O Y O ~  for  the reported enhanced mortal i ty  seen in 
combined injury a n i m d s .  Howcrcr, the thromhwyto-  
peni. n d  delective clotting mechanism docs permit  the 
recognition 01 c ~ . u ~ I ~ L c .  in which barns  or olhcr  
trum.11 arc complicrlcd by the YCSUIICI(CI 01 super- 
imposed total body X i r radiat ion.  

The combined ef fec ts  of thermal  burns 

UNCLASSIFLED 

UNCLASSIFIED 

1 

The combined cl leots  01 thermal  burn. 
and total body X i r radiat ion con3i.l of the same inltlal 
la11 of plafclets seen in burns  alone Iollowrd by the same 
degree a1 thrombocytopenia S C C ~  in mimail. receiving 
total body X i r radiat ion at the particular d o l e  plven. 
Howevcr. Ihc elotlinp defect. as  measured  by the Lac- 
Whitr and heparin dot t lng  t imes,  is not 18 severe in the 
combmed injury mim=ls. 

The obier'ved defective coagulation mechani lm falls to 
account for the rcporled enhanced mortal i ty  eccn in  
combincd imJury animals. H n w e v ~ r .  the thromboeyto- 
pcnia n d  dcfeclive clotling mechanism doel  permi t  the 
recagnitlon of caaual t icr  in which burns or other 
traumata *IC Complicated by the O C C ~ J ~ C ~ C C  01 super- 
imposed tmai  body X i r radiat ion.  

brief fall in the Ievc I  01 clrculst!r,g plate. 
lets followed b y  a sustained thrombory. 
t0,is. 

and l o b 1  body X i r radiat ion consis t  of the same initial 
fa11 of plltClcts seen in burns rlonc followed by the same 
degree of thromhocytoprnil l e ~ n  in mimalr receiving 
l o t i 1  body X i r radiat ion 11 thg p.rt lcular done given. 
H O W C Y ~ ~ ,  the clolling dcfcct, IS measured  by the h e -  
W h i t e  and heparin clot tin^ times. i. no1 as aevCre ," the 
combined injury an imr l r .  

The obacr rcd  dcfeclivc Coagulation mrchanism fai ls  LO 
~ C C D Y O L  lo r  the reported enhanced mortality seen in  
combined lnjnry animals .  However. thc thrombocyio. 
pcnia n d  defect i rc  clotting mechinuam doer  permit  the 

traumita .IC complicated by the oe~urrrnce of super. 
imposed total body X i r radiat ion,  

Tbc combined effects  of thcrmal  burns 

ILCOODItiOn of C.IIILltIe* in W h i c h  berns  or other 

. 

UNCLASSIFIED 

UNCLASSIFIED 



i 

UNCLASSIFIED 

CGMIIII.EU EFFECTS OF TGTAL JODY X IRRADI- 
ATION ANL, RA AANT ENERGY THERMAL m u m ;  I. 
S T I J U Y  OF d L ~ O D C O A C U U I I U N .  by  W .  M. D D I I ~ .  
A. K. Davis  and others. 22 October lY53. 14 p. 

UNC LASSIFICD 

UNCLISSIFlEU I 

Naval Rrdlolqlcll Dcbnrc laboratory. 

COMBfNED E F F U T S  OF TOTAL BODY X IRRADI- 
ATlON AND RADIANT ENERGY THERMAL BURNS: 1. 
STUDY OF BLOOD CMGUUTKON,  by W. M. I h V i r .  
A. K. Davi. m d  others. LE OFtobcr 1953. a4 P. 

UNCWSlFIZD 

USI.1RDL-II3 (hfSWP-473). 
I. Blood - Radiation 
injuzica !. X radi*tion - 
PhyriulagiLal r f -  
fccts >. Thermal rad,*- 
IiO. - Patl,d0- 

1. Davis. W. M. 
U. Davis. A. I(. 
Ill. NM 006 015 

g i c ~ i  trrccir 

UNCIASIPIED 

N w p l  R*dieloplcal Dciease Laboratory. 
USNRDL-4lJ (*hSWP-473). 

COMBINED EFFECTS UP TOTAL UGDY X IERADL- 
ATION AND RADIANT ENERGY THERMAL rtURNS: I. 
STUDY OF BLULU CGAGULATION. by W. M. Dada.  
A. K. OWL. m d  others. 12 OEtohcr iY5L 2 %  P. ur~cr.AssiriEu 

VNCLASSITIED 



brief fa l l  in  (he lcrcl oi circtllal?rip piate. 
lets followed by a sustnincd thrombocy- 
t0.i'. 

and lo t i i  body X i r radmtion cons is t  of lhe same initial 
fall of platelets isen in burns aionr  fallowed by the same 
degree of thrombocylopcnia seen in an imals  lecriving 
total body x i r radiat ion at the par t icular  doae given. 
However.  the clotting defect, I S  measured  by the Lee- 
While and heparin ciolting times. IS not a. severe in fhe 
combined iniorv a d m d s .  

The combined cf fcc la  of t h e r m a i  burns  

. .  
The observed defective coaguiatxon m r e h m i s m  fails fO 

~ C C O U D ~  for  the reported enhanced mortal i ty  S C C n  in 
combined injury ani!mals. However, the lhromboryfo-  
penia n d  defective clotting mechanism does p e n n i t  the 
recognition of casualties in which burns  OT other 
traumata a m  complicalcd by Ihc O C C U I Z - ~ ~ E C  of super- 
imposed total body X i r radiat ion.  

b r d  fall i n  the level of circulalirlg plate. 
ict, followed by n sustained thrombocg. 
tori.. 

and total body X i r radiat ion c ~ n s x l t  of lhe same inl t ia l  
fa i l  of platelets seen  in b u m s  alone followed by the same 
degree of thrombocytopenia 3ecn in animals receiving 
t o l d  body X i r radiat ion a1 Lhc particular doac given. 
However. the clotting defect. a s  measured  by the Lee- 
Whltc and heparin clotting times, i s  not IS I C V C I ~  tn the 
combined injury animals. 

I C C W O I  far the reported cnhanccd mortalily %e& i n  
combined injury animalr .  However .  the thrombocylo- 
peni i  n d  defective clotting mechanism doer permi t  the 
recognition of casualtie. in which burns or other 
traumata .IC complicated by the occurrence d super -  
imposed total  body X i r radiat ion.  

The, combined c f l c c ~ s  of thermal  burn, 

The obaervad defective coa~ulati'an mechmnism~fr i l i  Lo 

UNCLASSIFIED 

U N C L A S S E I E D  

brief fall in  the Level of c ircu la l i r ,~  plate- 
le ts  fcllowcd by L sustained thrombocy- 
tC.*l*. 

and total body X i r radiat ion cons is t  01 the same initiai 
fall of platelets seen in burns alone followed by the *am= 
dcgrec of thrombocytopenia seen i n  rinimalr receiving 
total body X I r radzlf ion at the p i ~ l i c u i i r  d o l e  given. 
HOwcucr. the clotting defecl, I s  mcasurcd by the Lee. 
While and h t p a r m  doll inp tlmcs. 1s not a. acverc in the 
combined injury animals .  

The combined e f l e c f r  of thermal  burn. 

The observed defective caigul=iion mechanism fai ls  LO 
account for  the reporled cnhmcrd  mor l r l i ty  seen m 
combined InJury animals. Howvcutr. the thrombocyto. 
ycnia n d  dcleciivc c lo t t ing  mechanism does permi t  the 
rrcognilian of casnai18ca i n  which burns or mhcr  
t raumata arc compllc=LCd by the o c c ~ ~ r c n c c  of super -  
imposed total body X irradiation. 

br ie f  fall in the l cvc l  of ~ i r ~ u 1 ~ l i r . g  plarc- 
111, fol lov=d by a suslalncd thrambocy. 
tosi.. 

and total body X i r radiat ion eon i i s t  of the s a m e  initial  
f i l l  of p l ~ l c l c l ~  I C C ~  m burns i ionc  f o l l o u ~ d  by the same 
degree of thrOmbocylopcnm >n animals  r e c e w i n g  
total body X IrPadiatiOn at the pamicular  dore given. 
However, Lhe clott ing delcct. 1 s  measured by the Lee. 
White and heparin clotting times. i s  not a s  ~ C V C I L  in the 
combined i n j w y  animals. 
The observed dcfeclive coagulation mcchanlsm fails to  

* E E O Y ~  for the reporled enhanced niurlaiily seen in 
combined injury m i m a i s .  H o v e v c r .  the thrombocyto- 
pcnia n d  defective e l d t i n g  mrchanism doer  permit  thc 
rccogniiion of casul l lm.  in which burns 01 other 
traumata are complicated by Lhc occurren~e of super- 
imposed total  body X i r radiat ion.  

The combined cffeclr of thermal  burnr 

UNCLASSIFIED 

UNCLASSIFIED 




	Assistant for Atomic Energy @CS/O)
	Surgeon General (Biological Defense Branch)
	CG Wright Ai Development Ceriter (WCOES)
	CG Wrlght Air Development Center (WCRDO)
	CC Wright Air Dcvelopment Cemer (WCRTN)
	US.4F Institute of Tec.nnology Wrlght Patterson ALr Force
	CG Air Res and Dev Command (RDDDH)
	Chief Armed Forces Specidl Weapons Project
	AFSWP Hq Field Command Sandia Bare
	Res and Dev Board Committee on Medical Sciences
	Chairma& Res and Dev Board (Technical Library)
	Armed Forces Medical Library
	Armed Forces lmtifute of Pathologf
	ASTIA Reference Center
	Armed Services Technical loformatton Agency
	Chairman Armed Services Explosivea &rd
	Commandant Armed Forces Suff College (Secretary)
	Aubmnt for Civil Defeme Gffice of Secretary of Defense

