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T h e  Diagnos is  and Management  
of Accidental  Radiat ion In jury  

George E. Thoma Jr., M.D., St. Louis, and Niel Wald, M.D., Pittsburgh 

LTHOUGH the nuclear age had its birth almost A 20 years ago, w i d e s p r e a d  u t i l i z a t i o n  of 
nuclear reactors and of large quantities of radio- 
active materials beyond the confines of go\-ern- 
mental facilities has undergone great accelera- 
tion only within the past five years. The liber- 
alized Atomic Energy Act of 1954, with its 
emphasis on peacetime uses of atomic energy, 
helped to stimulate this development. Thus, 
the population potentially exposed to peacetime 
accidental radiation injury has also been ex- 
panded to include not only Atomic Energy Com- 
mission contractors' employees but also workers 
in private industry, as well as the general popu- 
lation in their vicinity. This, in turn,  means t h a t  
not only the AEC's industrial physicians, but 
physicians in general must anticipate the pos- 
sibility of being o b l i g a t e d  t o  d e a l  with the 
clinical aspects of radiation injury with very 
small, bu t ,  nevertheless, gradually increasing 
frequency as  the n d a r  age advances. And 
in the disastrous event tha t  the world's peace- 
makers fail  in their tasks, the frequency of such 
injury may well mount uncontrollabl;i. I t  is 
therefore of immediate importance that  all 
physicians be familiar with the diagnosis and 
management of clinical radiation injury. 

Present knowledge of the effects of known 
doses of various radiations on normal humans 
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is mainly indirect. I t  comes from controlled 
experiments with mice, rats,  rabbits, and mon- 
keys i n  the radiobiological laboratory, from 
analyses of findings in therapeutically irr? 
diated sick humans, :tnd from retrospecti e 
studies of accidental human radiation e 
posures. 

Several drawbacks a re  evident in these data. 
Because of the variations in radiosensitivity 
of different tissues in different species, the 
controlled laboratory studies a r e  not readily 
extrapolated to man. The biological responses 
of recipients of therapeutic irradiation a r e  not 
necessarily those of normal humans. In ac- 
cidental exposures of normal humans, detailed 
precise measurements of dose and uniform 
selection of test parameters and procedures 
have not always been possible. Because of 
these drawbacks, it  is deemed essential tha t  
certain medical guidelines be established for  
the management of cases of radiation over- 
exposure, not only to facilitate the management 
of accidental clinical radiation injury in the 
individual patient, but also to expedite the 
accumulation of more useful data concerning 
such injury, as  a basis for  fur ther  improve- 
ment in its diagnosis and therapy. 

To make maximum use of past  experiences 
with radiation accidents in developing the 
guidelines for their future clinical manage- 
ment, all presently available data concerning 
human exposure from criticality accidents have 
benn reviewed. Only normal case material in 
which the  radiation exposure was acute, exter- 
nal, penetrating, and generalized has been con- 
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sidered. The clinical syndromes resulting from 
various protracted, internal, superficial, and 
localized exposures a re  too varied for  the 
present purposes. 

The  sequence of events and resulting person- 
nel exposures of each accident a r e  reviewed 
and discussed in Part I, “Analysis of Past  Ac- 
cidents-Physical Aspects.” Following a dis- 
cussion of the clinical manifestations of radia- 
tion injury,  the symptomatology and laboratory 
findings of the victims of these accidents are  
reviewed and analyzed in P a r t  11, “Analysis of 
Past Accidents-Clinical Aspects.” 

Certain recommendations €or diagnosis and 
management, based on the material reviewed, 
a r e  made in P a r t  111, “Recommended Medical 
Procedures.” Despite their somewhat empirical 
and arbi t rary nature, it  is felt tha t  their in- 
corporation among the procedures used in deal- 
ing with these accidents will help to  accom- 
plish two vital objectives. These are, first, 
good immediate care of the patient at hand and, 
second, more effective therapy for  future pa- 
tients as a result of the improved compilation 
of usable long-term data concerning the dele- 
terious effects of radiation in man. 

P a r t  I. Analysis of Past Accidents 
-Physical Aspects 

Since the onset of widespread research and 
production activities in nuclear technology dat- 
ing back to the inception of the Manhattan 
Project, there have been seven major criticality 
accidents involving significant overexposures 
of personnel to ionizing radiation (Table I ) .  

In  order to provide a better understanding 
of the nature and magnitude of these accidents, 
to demonstrate the problems of patient care, 
and to emphasize the need for the accumulation 
of long-term data of a standardized nature, 
each of these accidents is revienetl in chrono- 
logic order. 

In addition to accident reports, a number of 
authors have summarized accidents and inci- 
dents involving radiation in nuclear technology 

TABLE I-CHRONOLOGY O F  RADIATION 
ACCIDENTS 

_ _  -~ - _ _ _ _ ~ ~  _ _ _  ~- - 
Accident Date TYIW 

Los Alamos I Aug. 21, 1945 Ci.iticality (experi- 
mental assembly) 

Los Alamos I1 May 21, 1946 Criticality (experi- 
mental assembly) 

Argonne J u n e  2, 1952 Ciiticality ( ~ e a c t o r )  
U.S.S.R. 1053-1954? Criticality (reactor) 
Oak Ridge June  16, 1958 Critica1it.y (processing) 
Yugoslavia Oct. 15, 1958 Criticality (reactor) 
Los Alamos I11 Dec. 30, 1958 Criticality (processing) 
___.__~____ ~~ . ~~ .~ ~ 

activities, either as summary reports or as 
background o r  information material in t h e  con- 
sideration of general or specific human radia- 
tion effects. Hayes’ summarized accidents and 
incidents from June, 1945, through December, 
1955, and extended the period to  December, 
1956, in a supplementary report.? Gerstner’ 
included a summary of accidents up t o  1955 as  
a par t  of his very comprehensive analysis and 
discussion of the acute radiation syndrome in 
man. Similar reports of other authors appear 
in  the literature.’ !’ 

Accident Dosimetry 
The characteristics of fissionable material 

vwr;l- with the mass and shape of the material. 
It is said to be “critical” when it is of such 
configuration that  a nuclear reaction can be 
sustained a t  a fixed level o f  intensity. If the 
critical dimensions a r e  exceeded, a n  expo- 
nentially increasing chain reaction will occur. 
Accidental excursions of this type produce vari- 
able intensities of fas t  neutrons and gamma 
rays. Accidents of this nature a r e  referred t o  
as criticality accidents. It is noted in Table I 
that  all of these accidents were of this type. 

Since the time of the first of these accidents 
( 1 4  years ago) ,  there has  been a continuous 
evolution and improvement in the techniques 
and concepts of radiation dosimetry. For  ex- 
ample, close units such as  the gram-roentgen 
are no longer believed to be significant indices 
of radiation exposure, and time has served to 
accentuate the complexity of the RBE concept. 
In a previous report,I0 an  effort was made to 
reevaluate the dose assigned to certain indi- 
1 idiials involved in nuclear accidents, using 
modern techniques of radiation dosimetry. 

T o  put the physical dosimetry of past acci- 
dents on a commoii objective basis, the dose to 
a given individual is  specified in terms of the 
i\bsorbed dose (in r a d ) ,  which would have been 
ieceived by a small mass of tissue located a t  
the position of the individual. This dose will 
I)e ~ e f e r r e d  t o  as the first collision dose. It is 
realized that  correlations of biological data 
with a single dose reading will be f a r  f rom per- 
f ect unless other physical conditions of expo- 
hure a re  specified. Thus, as much information 
a s  is available on parameters such as radiation 
energy and angular distribution was considered 
i n  the previous report.1° 

The use of the rem dose unit  is avoided en- 
tirely in this report, except as it appears in 
Table I1 under reported dose. F i r s t  collision 
doses will be given in terms of rads  to soft  tis- 
sue for  neutrons and gamma rays separately. 
This procedure is consistent with the desirabil- 
ity of establishing RBE factors f o r  acute ir- 
radiation of man from accident data. 
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The method which has been found most re- 
liable for evaluating the neutron dose to per- 
sons exposed in mixed radiation fields is the 
measurement of the amount of radioactive sodi- 
um (Na'-') which is produced when the nen- 
trons interact with normal sodium (NaZ3) in 
the body. It has been found tha t  the neutron dose 
to the body may be related in a simple way to  the  
spectrum of incident neutrons as determined 
from threshold detector measurements. This 
method of dose measurement might be termed 
"spectral" dosimetry and is described in detail 
in the previously mentioned report.1o Likewise, 

the Pia2-' activation engendered in the body is 
very simply related to threshold detector meas- 
urements of the neutron spectrum. Hence, if 
one can estimate or measure the neutron spec- 
t rum escaping from a critical assembly, the 
Na2-' activation in a man may be interpreted in 
terms of the first collision dose a t  his position. 
This method has been used below, whenever 
data on spectral distribution of neutrons a re  
available. Estimates of the gamma-to-neutron 
dose ratio a re  used to allow one to assign both 
gamma and neutron doses on the basis of NaZ4 
activation in the body. 

TABLE IT-SUMMARY OF EXPOSURE DATA 
- __________ ~ _ _ _ ~ ~ . _ _  ______ 

Calculated Total Body Dose No. of Pt. Code* Kcported Total Body Dose 
Neutron Gamma Total Neutron Gamma Totnl _ _ _ _ _ ~  

Patients R L ~~____--___ _-__ Aceidcnt 

480 ( rem)$  110 (rein) 590 (rein) 297 ( rad)  1 297+ (rad) LASL-I 2 LA1 1 
LA" 2 3 1 0.14 :: 1 18.2 2 20.2 

1930 (rem): 114 (rein) 2044 ireiii) 1230 120 1350 
1,AA 4 390 26.4 416 220 22 242 
1 ,XF G 186 10.7 196  120 12 142 

I 4 0  4.7 148 50 5 55 
4.37 59 3 3 3 36 

I, .A 7 7 
L.4S 8 a ?  
L.49 9 -1 2 2.72 44 25 2.5? 27.5? 
T,.4?0 10 ., r,., .> 2.41 3 5 29 2 22 

LASL-I1 8 s  I,X3 .': 

- -  

Argonne 4 A1 I 14.3 ( rep)  143 ( r e p )  189 (rem)lT 14.2 145 159 
A 2 2 9.1; I1 1; 1413 9.G 116 126 
A :i :.I 5.5 na 71 5.5 55 60.5 -,- 

.\4 4 0.4 10 12 0.8 1 0  10.8 

I?? 31 > ? 300 ? ? 300 

Oalc Ridge 8 OR1 .I !)G ( 1 . s t 1 )  269 ( r i i ( 1 )  365 ( rad)  96 269 365 
01x2 c S 9 2 5 0 339 89 250 339 
OR:; I)  8 6 24 1 327 8G 241 327 
OR4 15 71 199 " 7 0  71 199 270 
OR:, F: (; 2 174 2:u; G3 174 236 
ORii 17 I S  60.5 (i8.3 18 50.5 68.5 
OR7 C; I8 5@.6 68.5 18 50.5 F8.5 

16.8 22.8 OR8 H 6 1 G.8 I-. 9.1 8 G 

U.S.S.R. 2 1t1 Kli 1 ? 450 ( r )  ? ? 450':  

Yugoslavia G Y l  1' 210 (rein) (i30 (veni) 840 ( rem) 320 320 64 0 
3- '' 1) 2 j i ;  768 I024 250 250 500"" 
3, :: 31 214 [;42 8St3 290 290 580 
Y4 G 2::o ti90 9") 300 300 600 
Y5 H 174  ,522 69li 210 210 420 
Y li I: 102  ;;of; 408 175 17.5 350 

r,A sL-111 2 r,.A 1 1  12.000 (I.em): 2300 6900 9200 
L A  1 2  13.5 

.- - _~______- ~~ ~. ~~~- 

':: First column ( R )  desiqiatea code useti i n  this 1.epol.t. 

i Recalculation based on setwiii Na" data,  except A i p n n e  and Oalc Ridge cases.'3, '' 
4: The ieni value expressed i n  the LA I and I1 cases are based on an assumed RBE value of 5 for  f a s t  neutrons 

8 Data on patient LA5 not  availablt~. 
IT Based on an assumed R R E  value of 3 f o r  fas t  neutrons. 
: '  Expressed in original reliort'., i n  r only v i t h  no mentioil of neutron o r  gamma components. Total rad doses 

.('" Female patient whose weight is n o t  available i n  the literatul,e and mizht Ix considerably less than 70 K g  

$ Estiinate +- 50%. 

ontl c o l u ~ i ~ i i  ( L )  (lesignates patient code tha t  appears 
in  the l i t e l ~ ~ t u r e .  

with an approximate depth dose penetration equivalent to that of 80KV unfiltered X-rays. 

are  assuniptions only. 

standard man, t h e  value L I S ~ L I  i n  calculating this dose. 

.,. ... 
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Dose estimates are  made only for cases which 
satisfy the radiation exposure criteria estab- 
lished f o r  this sudy, i. e., acute, external, pene- 
trating, and generalized. Doses due to alpha 
and beta radiation, either internal or external 
to the body, a re  thought to be relatively unim- 
portant, and are  not considered. 

Los Alamqs Accident, LASL I 
The first nuclear accident occurred a t  the Los 

Alamos Scientific Laboratory, Los Alamos, 
N. Mex., on Aug. 21, 1945. The clinical, labora- 
tory, and dosimetry aspects of this accident 
were reported in detail by Hempelmann, Lisco, 
and H0ffman.l' In  a criticality experiment in- 
volving a metal system, a nuclear excursion 
occurred and two persons were exposed to the 
mixed radiation field from this assembly. One of 
them (Case L A l ) ,  who died after the accident, 
was touching the assembly when the chain re- 
action occurred and so received a very high 
dose to  his hands and a smaller dose to the 
bulk of his torso. He was exposed to consider- 
able gamma radiation from fission products 
a f te r  the reaction took place, while dismantling 
the experiment, and would possibly have sur- 
vived had he left the room immediately instead 
Hi5 actions during this period are  not well 
known, and the total dose received is corre- 
spondingly uncertain. Neither he nor the other 
person exposed were wearing film badges at  
the time of the accident. Since the number of 
fissions which occurred in the assembly is not 
known accurately, the best index of his neutron 
exposure is the Na" activity level in his blood. 
The neutron dose calculated from these data is 
297 rad.  The gamma first collision dose is im- 
possible to ascertain owing to the uncertainty 
of his whereabouts in the immediate postcriti- 
cality period. Therefore his dose is given simply 
as 297 + rad in Table 11. 

Case LA2 was exposed at a greater distance 
from the reactor than was case LA1 and did 
not remain in the vicinity after the excursion. 
From measurements of the ratio of gamma dose 
to neutron dose leaking from the Godira re- 
actor12 designed to reproduce as  closely a s  pos- 
sible the conditions of their accidents, i t  is 
estimated tha t  the gamma-neutron dose ratio 
was approximately 1 :10 in the LASL I accident, 
independent of distance from the reactor in 
this range of distances. The resulting estimate 
of his dose is 18.2 rad of neutrons and 2 rad of 
gamma. 

Los Alamos Accident, LASL I1 
The circumstances surrounding the second 

major radiation accident a t  Los Alamos, 011 

May 21, 1946, -,'ere quite similar to those in 

the first accident. Personal film badge data 
were not available, and data from badges 10- 
cated on the walls of the room were not very 
helpful. Eight  persons were exposed to  sig- 
nificant doses in this incident. It is felt that  
none of these victims received uniform total 
body exposures because of various amounts of 
partial body shielding. One fatality occurred. 

The neutron doses to the exposed persons have 
been estimated as in the case of the LASL I 
accident, i.e., by using neutron spectral data 
obtained from the Godiva reactor, together 
with NaL4 activation data from the blood of the 
patients. Table 11 shows the doses derived on 
this basis. I t  has been assumed t h a t  the gamma- 
to-neutron dose ratio was 1:10 for  all those 
exposed. This is probably a good assumption, 
except for case LA9, who returned to  the scene 
of the accident twice a f te r  his initial exposure. 
The previously mentioned report  by Hempel- 
mann et also includes this second Los 
Alamos accident. 

Ai-gonne Accident 
A reactor criticality accident occurred at the 

Argonne National Laboratory, near Chicago, 
011 June 2, 1352. Four persons were exposed to  
a mixed field of radiation in which the gamma- 
neutron dose ratio was about 10: l .  The per- 
tinent clinical and dosimetric aspects of this 
accident were reported by Hasterlik and Mari- 
nelli.' 3 There were n o  fatalities. 

Patients 1, 2, and 3 were wearing film badges 
I\ hich \yere so blackened tha t  it was necessary 
to evaluate the doses in terms of the reduced 
silver left after the development of the film. 
The gamma dose to Patient 4 was evaluated 
from a knowledge of his position and times of 
mposure to prompt and delayed fission gamma 
rays. 

The gamma dose is given by the ANL 
gi.oiipl' in terms of first collision dose, i.e., the 
( or~ect ion for  the effect of the body on the dose 
received by it has been made. The doses were 
found to be fairly constant over the bodies of 
those exposed and can be considered as  uniform 
11 hole body irradiation. 

Threshold detector measurements of the 
neutron spectrum escaping from this assembly 
;ire not a\~ii lable.  However, Hasterlik and 
JIarinelli quote accurate neutron dose values 
tleterniined ith proportional counter dosi- 
meters. These were obtained by measuring the 
1,;itio of fas t  neutron dose to gamma dose dur- 
ing the experimental run of the reconstructed 
reactor and applying this ratio to the film badge 
readings . 

The resulting dose determinations, ranging 
from 159 to 10.8 total rad, a re  given in Table 11. 
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Russian Accident 
At  some undisclosed time, presumably prior 

to 1954, a reactor accident occurred in the 
U.S.S.R., resulting in the "short general exter- 
nal" exposure of two persons to neutrons and 
gamma rays. The clinical course of the patients 
is detailed by Guskova and B a i ~ o g o l o v . ~ ~  They 
assign doses of 300 r and 450 r to them but do 
not give the gamma-neutron ratio in  the radi- 
ation field. No information is available con- 
cerning the structure and composition of the 
reactor, and so it is not possible to estimate 
this ratio. In addition, the methods of dosimetry 
used a re  not described. The dose assignments 
must therefore be regarded as ambiguous. 

Oak Ridge Accident 
A criticality accident occurred on June 16, 

1958, in the Y-22 Plant a t  Oak Ridge, Tenn. 
Criticality was reached when an aqueous solu- 
tion of an  enriched uranium compound w a s  
drained inadvertently into a waste drum hav- 
ing dimensions such tha t  a chain reaction re- 
sulted."' Eight  persons received general whole 
body doses from the radiations emanating from 
the critical system, five of these receiving total 
doses in excess of 200 rad.  The technical as- 
pects of this accident a re  covered in several 
reports. Brucer" and Andrewsls have presented 
the clinical and laboratory findings in these 
cases. 

Film badges were not  worn by any of those 
exposed t o  the radiation field. Blood sodium 
activity was chosen as the most reliable meas- 
ure of neutron and gamma doses in this acci- 
dent. The neutron dose to ;I man a t  a given 
distance from the assembl!. \vas deduced from 
the Na" concentration in his body by employ- 
ing a phantom (in this case a burro) .  The 
phantom was exposed to the neutron field escap- 
ing from :I "mock-up" reactor o f  tlimension.: 
and  composition closely similiir to  those of the 
accident assemblj-. The blood sei-mi N,i" level 
of' the phantom resulling fi-om irradiation by 
a measured first collision neutron dosc was 
determined and was used to convert blood ac- 
tivity data to first collision neutron dose, as- 
suming that  the neutron hpectrum (lid not  
~7ary with distance from the reactor. DUY- 
ing another run o f  the same "mock-up" reactor, 
a measurement of the  gamma-neutron dose 
ratio was macle and was  USE^ t o  obtain the 
gamma doses. Table TI show.: the doses fo r  the 
persons exposed. No deaths resulted i rom this 
exposure. 

Yugoslavia Accident 
In an  accidental supercritical excursion of a 

Lero-power reactor on Oct. 15, 1958, a t  the 

Boris Kidrich Institute of Nuclear Sciences at 
Vinca, near Belgrade, Yugoslavia, eight indi- 
viduals were irradiated. Six of them received 
significant doses of n e u t r o n s  and gamma 
rq.s , l ! l -21  One man died as a result of the ir- 
radiation. Clinical studies of the six acutely 
irradiated patients a r e  reported by Jammet et 
a1.I" and hematological findings by Math6 e t  al.2z 

Although only incomplete information is 
available concerning the neutron and gamma 
leakage spectrum from the reactor and the dis- 
position of people and apparatus a t  the time of 
the accident, i t  is possible to make estimates of 
t h t  doses from Na2-' activation data for  the  six 
patients t.reated a t  the Curie Foundation i n  
Paris. These dose estimat.es, ranging from 640 
to : E O  rad ,  are  presented in Table 11. 

Los Alamos Accident, LASL I11 
The most recent radiation accident occurred 

on Dec. 30, 1958, at the Los Alamos Scientific 
' In the course of a routine plu- 

tonium salvage operation, the material attained 
a critical state. X man (Case LA11) who was 
standing in close proximity to the critical sys- 
tem received a lethal dose.':', 

The  dose t o  t,he middle of his body is thought 
to  be distinctly liigher than tha t  to other por- 
tions of his body. The NaS4 activity found in his 
hotly may be usetl to obtain a whole-body aver- 
age  dose from previously described calculations. 
The fast  neutron dose was estimated to be 2,200 
ra(1 and the gamma ray dose to be 6,600 rad. 

Pi1I.t TI. Analysis of Past Accidents 
--Clinical Aspects 

'I'he Clinical hlnnifestations of the  
Itadiation Syndrome 

The clinical characteristics of the  acute radi- 
: i t  ion syndrome in man have been learned from 
ixtliatioii accident cases, radiation therapy pa- 
t icxnts, and the  casualties of atomic bombing. 
Xi t.hough i r a r j a t  ions in types of radiation given, 
~ I I  the health of the ~ecipients ,  and in the feasi- 
bility of valid, controlled clinical observations 
a11 serve to conl'use the  outlines of a clear-cut 
s~.niptom comples, certain landmarks emerge. 
These have been compiled and reviewed by 
inany authors,  including a recent summary by 
Crcrstner.2'i 

The general concensus is tha t  when man is 
exposed to  a single whole-body close of ionizing 
tadiation, he exhibits certain clinical signs, 
symptoms. and laboratory findings which a re  
collectively tei.inet1 the radiation syndrome. 
The frequency and severity of occurrence of 
these manifwtiitions a re  roughly related to the 
dose received ; i n d  the sensitivity of the indi- 
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Yidual patient. Exposures to  less than 100 rad 
rarely result in clinical symptomatology; hence 
for our present purposes the radiation syn- 
drome may be thought of as  those clinical find- 
ings associated with total-body doses of radi- 
ation of over 100 rad.  

The typical chronologic sequence of events 
following a large whole-body radiation expo- 
sure can be divided into four clinical stages:  
the initial o r  prodromal stage, the latent stage, 
the manifest illness stage, and the recovery 
stage. The prodromal clinical findings include 
anorexia, nausea, vomiting, extreme sweating, 
fatigue, and prostration. These changes remit 
111 the latent period, which begins about two  
(lays later. After about t\vo to  three weeks of 
well-being a number of derelopments begin 
within a short  time of one another. These miiy 
include fever, overt o r  occult infections, scalp 
hyperesthesia and epilation, purpura and 
hemorrhage, diarrhea, ileus, cardiovascular 
collapse, severe lethargy, and changes in sen- 
sorium. By about the end of the sixth week 
after exposure the situation has usually been 
resolved and clinical improvement of the sur- 
viving patients is rapid, although fatigue may 
continue for  some time. 

DOSE-RESPONSE RELATIONS I1 I r  S-About 15 % 
of patients exposed lo a close of 100 rad may be 
expected to show some of the signs and symli- 
toms of the syndrome. The frequency increases 
sharply up to the leyel of approsiniately 200 
rad, a t  which level most of those exposed would 
be expected to exhibit some clinical symptomzi- 

The occurrence of fatalities has been coii- 
sidered generally to begin a t  i\I)oLlt 200 rad, 
increasing to 50% at aboiit 450 t o  500 rad. The 
finclings of this survey of radiation accidents 
do  not substantiate these estimates, probably a s  
a result of therapeutic intervention. Death did 
n o t  occur in any of these treated patients with 
known exposure to  less than 300 rad. The LD ,,/ 

is impossible to estimate 011 the basis of the 
small amount of such c h t a  accumulated thus 
far .  X fatal  outcome is probal)l~.  inevitable a t  
about the 800 rad dose l e ~ e l .  

RADIATION INJURY GROUYS-III spite of the 
implication in the foregoing paragraph, and in 
the radiobiological literature, that  there is a 
useful relationship between magnitude of expo- 
sure dose and severity of clinical sequelae, i t  is 
considered essential to approach the problem of 
individual patient management from a some- 
what different standpoint. This is necessitated 
in par t  by the difficulty in obtaining quick and 
accurate dose estimates 111 ii  cci d e nt  situ a ti o m  
which a re  usually very complicated. In addi- 
tion, even if complete dosimetric inform ;I t‘ 1011 

t 01 ogy . 

\\-ere available, the biological response of one 
individual to a known exposure would still differ 
from tha t  of his confrkre exposed under iden- 
tical physical circumstances. We have, there- 
fore, deemed i t  useful in the management of 
radiation accidents arbitrari ly to divide patients 
showing various symptoms and signs of the 
acute radiation syndrome into five different “ra- 
diation injury” groups. 

The five radiation injury groups a r e  defined 
in terms of our present recognition and under- 
standing of certain definitive clinical occur- 
rences which have appeared in normal persons 
;iccitlentally exposed to external, penetrating. 
whole body radiation overdosage. Briefly the 
~ielt i t ient characteristics of each group may be 
summarized as follows : 

Group I : Most of these patients a r e  asgmpto- 
malic ; a fem7 may have minimal prodromal 
symptoms. 

( ; I . o u ~  I1 : These patients develop this acute 
1xtli;ition syndrome in a mild form. After  tran- 
sient prodromal nausea and vomiting, labora- 
t0i.A. and mild clinical evidence of hematopoietic 
i 1 c i’ii n geni en t d om i nates t h e pic t LI re. 

serious course occurs in these 
i)aticnts. C,omplications of hematological mal- 
l’uiictioii a r e  severe i\nd, in the upper par t  of 
the group, some evidence of gastrointestinal 
il:iiii:ige may also be present. 

(;roup IV: An accelerated version of the 
:icu1 e radiation syndrome occurs. Complications 
of‘ giistrointestinal injury dominate the clinical 
liicturc. The severity of hemiitopoietic disturb- 
;iiices :ire related to the length of survival time 
1‘( 11 1 ()w i n g expos u 1.e. 

Croup V : A fulminating course with marked 
r c t i t  ral nervous system impairment occurs in 
iliis gi~oup. 

The radiation injury group classifications of 
t h e  accident cases mentioned in the preceding 
h p c f i o i i  a re  indicated in Table 111. 

--I ti order to establish basic points of reference 
:ii i(I  to provide a better appreciation of the rele- 
v a n t  clinical characteristics and laboratory find- 
i i i w ,  we shall present herein a hypothetical case 
i.eport containing the expected findings of a pa- 
tient in each injury group. For  the purpose of 
illustrating all of the possible characteristic 
phenomena, each case will be portrayed as  hav- 
ing experienced all or most of these findings. 
I t  must be borne in mind, however, tha t  the 
radiation syndrome is  similar to any other 
clinical entity in that. i t  is unusual for  any indi- 
vidiial case to show all of the “textbook” find- 
ings. 

G r o u p  I :  Hypothetical Patient 1, R 27-year-old 
malc technician, v a s  exposed to R total body close 

(;roup 111: 
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TABLE 111-PATIENTS CLASSIFIED BY CLINICAL 
RADIATION INJURY GROUPS 

Group Nu. of Patients Patients by Code 

I 14 LA2' A1 OR6 
L A 6 f  4 2  OR7 
LA7 - A3 OR8 
LA8 A4 
LA9 
LA10 
LA1 2 

8 LA4 R2 OR1 Y6 
. OR2 

OR4 
OR5 

OR3 

6 LA1 R1* YZ 
Y3 
Y4 
Y5 

IV 2 LA3 Y1 

V 1 LA11 

Total patients 31 

* Insufficient data f o r  complete profiles; not included 
in averages. 

of 14 r a d  of f a s t  neut rons  and  33 r ad  of prompt  
gamma radiat ion.  Th i s  exposure  was experienced 
a s  t h e  r e su l t  of no t  employing ce r t a in  sa fe ty  f ea -  
t u re s  whi le  per forming  a n  exper iment  w i th  n low- 
power reactor .  

When first seen  by t h e  faci l i ty  phys ic ian  i n  t h e  
dispensary,  10 minutes  a f t e r  t h e  accident,  t h e  pa-  
t i en t  exhibited no  clinical  symptoms o the r  t h a n  
a modera te  tachycard ia  and  mois t  palms. Blood 
was  immediately d rawn  f o r  base-line blood coun t s  
and  f o r  NaC4 ac t iva t ion  measurements .  Red r e s t  
i n  t h e  d ispensary  was advised, pending  t h e  r epor t  
of t he  first es t imat ions  of t h e  magni tudc  of t h e  
exposure.  T h e  pa t i en t  became increas ingly  r e s t -  
less and  apprehens ive  over t h e  n e s t  two  hour s  ; 
and, s ince no reasonably accu ra t e  dose es t imates  
were at t h a t  t ime  available,  i t  WVRS t h o u g h t  ad-  
visable to  hospitalize t h e  pe d t '  lent.  

The  ini t ia l  blood data ,  which  included hema- 
tocrit, total leukocyte, total lymphocyte, total  neu- 
trophile, and platelet counts, and differential formu-  
la, were normal. One hour later,  blood specimens 
were obtained f o r  repeat counts, ;IS well L I S  base-line 
blood chemistry determinations.  The la t ter  were all 
within the  normal range, and there  was  essentially 
no change in the  c0unt.s. The  pntient's apprehension 
continued until fou r  hours a f t e r  hospitalization, at 
which t ime i t  had been definitely dctermined t h a t  
his exposure was  to  less t han  100 r;i(l. The  pat ient  
was informed of t h i s  estimate and appraised of t he  
favorable clinical prognosis. His restlessness, tachy- 
cardia, and vasomotor symptoms disappexred almost 
immediately, and he  was discharged f rom the hos- 
pital t he  n e s t  day. 

H e  was observed in t h e  outpa t ien t  depa r tmen t  
f o r  t h e  next  month,  du r ing  which  t ime he w a s  

completely asymptomat ic  a n d  showed no  al tera-  
t ions in  his  labora tory  findings.  H e  t h e n  r e tu rned  
to work in  a nonexposure  area.  The rea f t e r ,  he  w a s  
observed at increas ing  intervals .  A t  n o  t ime  were  
there  a n y  cl inical  o r  l abora to ry  mani fes ta t ions  
tha t  could be  a t t r i bu ted  t o  h i s  r ad ia t ion  expo- 
sure .  No abnormal i t ies  were  noted i n  t h e  bone 
marrow studies .  

G ~ o z t p  I I  : Hypothetical Pa t i en t  2, a 46-year-old 
male laborer ,  was exposed to  90 r a d  of f a s t  neu- 
t rons  a n d  240 r a d  of gamma r a y s  i n  a cr i t ical i ty  
type of acc ident  a t  a product ion  facil i ty.  H e  was  
hospitalized a lmost  immediately b u t  at  t h e  t ime 
of ;Idmission f e l t  per fec t ly  well. T h e  admission 
physical examinat ion  a n d  labora tory  findings were  
al l  ivithin normal  l imits.  About  two hour s  la ter ,  
he began t o  experience r a t h e r  pe r s i s t en t  nausea  
ancl vomited five t imes  wi th in  t h e  nex t  24 hours.  

l l u r i n g  t h e  nex t  f o u r  a n d  one-half days,  h e  ex- 
hibited no abnorma l  symptoms o the r  t h a n  weak- 
ness and  f a t igue .  H i s  appet i te  remained  hear ty ,  
a n d  the re  were  no gas t ro in tes t ina l  symptoms. An 
unevent fu l  clinical  course,  except  f o r  pers i s tence  
of t h e  weakness  a n d  fat igue,  w a s  observed until  
Da). 16, when the  patient s ta ted t h a t  his  scalp 
was tender to the  touch, especially over t he  occi- 
pit:il and  r i g h t  pa r i e t a l  regions.  These  were  t h e  
a r e a s  most f r equen t ly  in  con tac t  w i th  h i s  pillow. 
Yeiy little f u r t h e r  attention was  given to  th i s  symp- 
tom until Day 18 when i t  was  noted t h a t  f r a n k  
epilation was beginning over these  areas.  The  epi- 
lation cuntinued, involving not only patchy areas  
of the scalp, but t he  h a i r  on t h e  chest, thighs,  and 
leg> as well. His  epilation stopped on Day 29. 

On Day 18 t h e  pa t ien t  complained of a severe 
sore throat .  H e  had ;L t empera tu re  of 100.2" F. 
accompanied by a proportionate tachycardia.  Phys- 
ical examination r e v e a l e d  a n  a c u t e  f o l l i c u l a r  
tonsil l i t is  n i t h  accompanying  cervical adeno- 
pathy. I t  should be noted f rom F i g u r e  1 t h a t  there  
W:LS no leukocyte response  to  t h i s  infection. The  
erythrocyte sedimentation r a t e  increased to 32 mm. 
This rise preceded the clinical infection by 24 hours. 
Throa t  cultures were  made and t h e  pat ient  was  im- 
metliately s t a r t ed  on crystalline procaine penicillin 
in  G00,000 unit  doses, intramuscularly,  every s ix  
h o ~ i i x  There  was a tempera ture  spike in the  af ter-  
nooii  to IO4.G" F. This  was preceded by  a rigorous 
chill lasting approximately 20 minutes.  The  patient 's  
thiwat became so sore tha t  he  was  unable to  swallow 
even sips of water .  His fever  was  reduced with 
sponge baths and largc doses of acetylsalicylic acid 
(kispiriri) per rectum. Two l i ters  of 5% dextrose in 
saline were administered intravenously through the 
a f t e rnoon  and  evening. T h e r e  were  t w o  more  epi- 
sodcs of chi l ls  a n d  hyperpyrexia  d u r i n g  t h e  next  
1% Iioiirs. It then  became evident  t h a t  t h e  pa t ien t  
hati an ear ly  per i tonsi l lar  abcess.  

The  g rowth  f r o m  t h e  t h r o a t  cu l tu re  w a s  identi-  
fied as a n  alpha-hemolytic Streptococcus,  and  
l u l ~ ( i  sensi t ivi ty  s tud ie s  revealed a h igh  sensi t ivi ty  
i1f t he  organism to te t racyc l ine  a n d  a relat ive re- 
sis1;incc to  penicil l in.  Hc w a s  t h e n  s t a r t e d  on a 
cciiii.inuo~is slow in t ravenous  infus ion  of 1 gm of 
tc.1 i.acycline in sal ine,  over a 24-hOlIr period. The  
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Fig. I-Blood counts, hypothetical patient 2. 

t e t racyc l ine  w a s  then  continued by in t r amuscu la r  
inject ions of 100 m g  every s ix  hours .  Dur ing  t h e  
n ight  of t h e  20th day,  t h e  abscess  dra ined  spon-  
taneous ly  a n d  t h e  pa t ien t  was afebri le  on t h e  
following morning .  H e  tolerated a l iquid diet  i n  
sufficient amounts to maintain ;I satisfactory in- 
take  wi thout  t h e  use of pa ren te ra l  fluids. By Day 
23, the re  was  complete clinical  recovery and  t h e  
ant ibiot ic  t he rapy  w a s  discontiilued. 

On Day 22, t h e  platelet  count began  a progres- 
s ive fal l  to a level of only 20.000 on Day 26. It 
remained at essentially t h a t  level until Day 30, on 
which  a stepwise recovery began  and  mas com- 
plete  by Day 27. Pa ra l l e l ing  t h e  thrombocytopenia,  
b u t  delayed by t h r e e  days in it:, onset,  t he re  was  
:I progressive fal l  i n  t h e  leukocytc count,  reaching  
a level of 850 on Day 32. T h e  absolu te  lympho- 
cyte count  decreased f rom I ) X )  27 to  a level of 
275 on Day 30. A s l igh t  reduct ion  i n  t h e  hema- 
tocr i t  a lso paralleled t h e  other cytopenias.  P u r -  
p u r a  appeared  first  on t h e  l o n e r  extremities on 
Day 25 and  became generalizetl  by Day 30. On 
Days  27 and  28, t h e  pa t i en t  noted t h a t  his  gums 
bled when he  brushed  h i s  teeth.  Microscopic 
hematu r i a  was  also noted o n  Day 28. The re  was 
110 o the r  evidence of hemorrhage .  Dur ing  th i s  
period t h e r e  was  marked  hypocellulari ty of t h e  
bone marrow. Hematological findings a r e  presented 
graphically in F igu re  1. 

Dur ing  t h e  first 45 days,  t h e  pa t ien t  lost  14 
pounds. T h e  clinical  course  f rom then  on w a s  un- 
eventful.  T h e r e  was  complete c l ea r ing  of his pu r -  
p u r a  and  a s tepwise  r e t u r n  to  normal  levels of a l l  
of t h e  components of h i s  hemogram by Day GO.  
It  is  i n t e re s t ing  to  note,  however,  t h a t  his sedi-  
menta t ion  r a t e  remained elwwted f o r  e ight  
months.  T h e r e  was  complete r r s to ra t ion  of ha i r  
g rowth  by t h e  end of t he  t h i r d  postexposure 

4 28 

month.  The  pat ient ' s  weakness  a n d  f a t i g u e  gradu-  
a l ly  diminished and  h e  r e tu rned  t o  l i g h t  work in 
a nonradia t ion  a rea  five mon ths  a f t e r  the acci- 
dent.  Per iodic  follow-up over t h e  nex t  t h r e e  yea r s  
fa i led to  revea l  any  significant c l inical  o r  labora-  
tory abnormal i t ies ,  except f o r  t h e  pe r s i s t en t  ele- 
va t ion  of t h e  sed imenta t ion  r a t e  f o r  e igh t  months .  

Group III: Hypothetical Pa t ien t  3, a 37-year-old 
male  worker, received an es t imated  to t a l  body 
dose of 182 r a d  of f a s t  neu t rons  a n d  536 r a d  of 
prompt gamma radiation in a cri t icali ty type of 
r ea r to r  accident.  

TIe experienced no immediate reac t ions  t o  t h i s  
exposure ; however,  wi th in  a f e w  minu tes  a f t e r  
his  a r r iva l  at  t h e  hospital  admi t t i ng  room, ap- 
proximately 45 minutes  a f t e r  t h e  accident ,  he be- 
came nausea ted  and  experienced violent r e t ch ing  
and  vomiting, persp i red  profusely,  a n d  f e l t  ex- 
tremely weak. Ini t ia l  physical  examinat ion  fai led 
to  reveal any  significant abnormal i t ies  o the r  t h a n  
a modera te  tachycard ia .  sweat ing ,  and  a s l ight ly  
increased resp i ra tory  r a t e .  The  r ec t a l  t empera tu re  
was  normal,  a s  was  t h e  blood pressure .  Blood and  
u r ine  samples  were  obta ined  immediately f o r  
complete blood counts  and  base-line biochemical 
values, urinalysis, and fu'a2.1 measurement.  The  ini- 
t ial  blood counts and urinalysis were within normal 
l imits.  

1 )ur ing  t h e  next 12 hour s  of h i s  hospitalization, 
t he  pa t i en t  continued t o  have  nausea  a n d  vomit- 
ing.  T h e  swea t ing  subsided, bu t  t h e  weakness  per-  
s is ted.  A second blood count,  made  on t h e  12th 
hour ,  reirealed a normal hematocr i t  a n d  a normal 
platelet  count .  The  total  leukocyte coun t  w a s  ele- 
vated to  approximately 13,000, a lmost  a l l  of which 
were  neutrophils.  The  lymphocyte count  had  f a l l en  
to 800. A t empera tu re  elevation to  100" F. was  
noted. 

A mild generalized e ry thema w a s  noted toward  
t h e  end of Day 1. The  pa t i en t  a lso complained of 
vague sensa t ions  of numbness  of t h e  upper  ex- 
tremities.  T h e  init ial  symptoms of anorexia,  nau-  
sea. vomiting, \reakness,  e ry thema,  and  low-grade 
f cv e r p emi  s t e d . 

There  \vas a somewhat  a b r u p t  remission of these  
init ial  symptoms toward  t h e  end of Day 4. His  
appet i te  r e tu rned  and he  was essent ia l ly  asymp- 
tomatic f o r  t h e  next  n ine  days.  T h e  weakness,  low- 
gritde fever,  and  excessive sweat ing ,  however, 

ted th i~oughou t  this  period. O n  Day 14, t he re  
w a s  a sudden  t empera tu re  elevation t o  103" F. 
Phys ica l  examination revealed a n  acu te  pharyngi -  
t is  accompanied by  a diffuse hyperemia  of t h e  
gums a n d  buccal mucosa. Anorexia  r e tu rned  with 
the  onse t  of t h i s  infection. A t h r o a t  cu l tu re  was  
made and  ant ibiot ic  t he rapy  w a s  immediately 
ini t ia ted.  H e  w a s  given in t r amuscu la r  doses of 
( iO0,OOO un i t s  of penicillin, and  0.5 gm of stepto- 
mycin every s ix  hours .  The re  w a s  a progressive 
t empera tu re  r i s e  over the next 18 hours ,  reaching  
;L IcJvel of lC14.5~ F. Ear ly  u lcera t ion  w a s  noted in 
the pharynx.  The 11s-pei'emia of t h e  gums became 
mxi~ked.  T h e w  \vas s l i gh t  loosening of t h e  teeth.  
Tu be ant ibiot ic  sensi t ivi ty  s t u dies of t h e  t h r o a t  
c i i l t u ~ ~ e  mater ia l  re\-ealed t h e  pa thogen  t o  be most 
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sensit ive to  tetracycline,  which  w a s  immediately 
adminis te red  by cont inuous  in t ravenous  drip.  A 
t o t a l  of 1 g m  w a s  given by t h i s  method over t h e  
next 24 hours .  T h e  penicil l in and  s t rep tomycin  
were also continued. The  tempera ture  dropped 
preqipitously to  i t s  previous level of approximately 
100".,F. on  Day 17. T h e  te t racyc l ine  w a s  then  ad-  
minis te red  oral ly  in  250 m g  doses every 6 hours .  
Elevation of t he  sedimentation rate,  f irst  noted on 
Day 12, decreased slightly a t  this  time. 

At t h e  same time, Day 17, beginning  epilation 
of t h e  sca lp  w a s  noted. T h e  pa t i en t  experienced 
pain a n d  bleeding of t h e  g u m s  when b rush ing  his  
teeth.  F r o m  t h i s  t ime on, unt i l  dea th  on Day 29, 
a l l  stool examinat ions  revealed occul t  blood. P u r -  
p u r a  of t h e  o ra l  mucosa a n d  skin of t h e  t r u n k  
was  first noted on Day 19. Th i s  became genera l -  
ized, a n d  d u r i n g  t h e  t e rmina l  s t ages  of t h e  ill- 
ness mul t ip le  l a rge  ecchymotic a r e a s  of t h e  skin 
were  p re sen t .  

Bone marrow biopsy revealed almost complete 
acellularity, which was reflected in the  peripheral  
counts by a profound pancytopenia. F igu re  2 pro- 
vides a 'graphic i l lustration of all blood counts. Ry 
Day 23, t he  patient 's  general  condition had progres- 
sively deteriorated to the point t ha t  he was pros- 
trate wi th  profound weakness, lethargy, and inter-  
mi t ten t  disorientation. The  total  u r inary  output  
was reduced to less t han  400 cc per 24 hours.  This  
oliguria persisted until death.  Fresh  i h o l e  blood 
and platelet transfusions were administered over 
the next fou r  days. 

Diar rhea ,  accompanied by abtlomiual pain and 
cramps, began on Day 25 and increased in severity 
until  Day 28, a t  which t ime massive hemorrhage 
f rom the  lower gastrointestinal t r ac t  ensued. The re  
were also continuous oozing of blood f rom the  gums 
and one episode of hemateme Microscopic 
hematuria was also observed. 

There  was  almost complete epilation of al l  of t he  
ha i r  of the body by this time. Ea r ly  on Day 29, 
fu r the r  severe bleeding f rom the lower gastro- 
intestinal t r ac t  began. The  patient went into pro- 
found shock, became comatose, and ,  in spi te  of 
vigorous t r ans fus ion  therapy ,  died du r ing  t h e  lnt-  
t e r  p a r t  of Day 29. 

G 7 ~ 1 u p  I V :  Hypothetical Pa t ien t  4 was a 3l-year-  
old ma le  scient is t  who received ;I total  body ex- 
posure  to  f a s t  neut rons  and 
cr i t ical i ty  reac tor  accident.  It 
his  exposure  resu l ted  in a dose of 124 r ad  of fast 
neut rons  and  830 rad  of g a m m a  rays.  H e  im- 
meriiately r a n  f r o m  t h e  r eac to r  bu i ld ing  and  v a s  
taken t o  t h e  labora tory  dispensary.  H e  experi-  
enced nausea ,  vomiting, and  r e t ch ing  30 minutes  
a f t e r  t h e  exposure.  H e  w a s  hospitalized immedi- 
ately. T h e  nausea  and  rc ,mit ing increased in  se- 
ver i ty  a n d  f requency  d u r i n g  t h c  n e s t  f o u r  hours .  
Dur ing  t h e  th i rd  hour ,  he  experienced severe in- 
te rmi t ten t  abdominal cr:amps followed by two 
wa te ry  bowel movements  i n t h i n  a period of 20 
minutes .  H e  was weak and  prostrate .  b u t  t he re  
W X T  progress ive  improvement,  ant1 by t h e  16th 
hour  he  had  en tered  t h e  Intent phase  of re la t ive 
clinical  well-being. He had  a low-gi,ade f eve r  d u r -  
i ng  l h r  first 24 hours .  On  1)ay  1 ,  t he re  \vas a n  
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Fig. 2-Blood counts, hypothetical patients 3, 4, attd 5. 

ini t ia l  leukocytosis, a lmost  all of which  was  due  
to ;in increase  in  neut rophi l s  as h i s  absolu te  
lymphocyte count  fe l l  t o  GOO. H i s  leukocytosis 
persisted.  T h e  lymphopenia w a s  progressive,  
reaching  a level of 250 on Day 3. Throughou t  t h e  
remainder  of h i s  i l lness,  t h e  absolu te  lymphocyte 
coun t  never  rose  above t h i s  level. 

Except  f o r  a cont inua t ion  of h i s  f a t i g u e  and  
a t empera tu re  elevation t o  100.5" F. on Day 2, he  
w a s  asymptomat ic  f o r  t h e  nex t  five days. The  
lon -g rade  f eve r  persisted unt i l  Day 7. 

About  noon of Day 7, t h e r e  w a s  a recur rence  
of his  nausea ,  vomiting, and wa te ry  d i a r rhea .  Th i s  
was accompanied by a r ise  in t empera tu re  to 
10:1.2" F. a n d  a cor responding  elevation in  t h e  
pulse ra te .  Almost s imul taneous  wi th  t h e  onse t  of 
t h w e  clinical  symptoms, t h e r e  w a s  a prec ip i tous  
fa l l  in t h e  cel lular  e lements  of h i s  per iphera l  
l i lood.  The  total  leukocyte coun t  decreased to  
1,200, wi th  a cor responding  f a l l  i n  t h e  neut rophi l s .  
The platelet  count  decreased f rom i t s  previous 
normal levels to 120,000. Hematologic results a r e  
shown in F igu re  2. 

The  nausea  and  vomiting became increasingly 
severer,  and  ear ly  on Day 8 nasa l  gas t r i c  suc t ion  
was establ ished.  The re  w a s  also a n  increase  in 
the  severi ty  of t h e  d i a r rhea .  P a r e n t e r a l  adminis- 
tr:ition of fluids and electrolytes as well a s  whole 
bfood w a s  s t a r t ed ,  and  he w a s  placed on in t r a -  
muscu la r  penicil l in a n d  s t rep tomycin .  H i s  tem- 
pera ture  reached :i high of 103.8"F. and the  blood 
count  showed 300 leukocytes and  50,000 platelets.  
There  was hypocellularity of t he  bone marrow. On 
D:iy 9, his condition was  essentially unchanged. 

011 t h e  10 th  dag, t h e  f requency  of t h e  d ia r rhea  
ii1c.i-eased and t h e  wa te ry  stools became bloody. 
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His t empera tu re  rose  t o  104" F. a n d  h i s  pu lse  was  
r ap id  a n d  weak. Ex t r eme  p ros t r a t ion  ensued ;  he 
was  cyanotic, and  his respirations were shallow 
a n d  rapid.  Te t racyc l ine  w a s  given in t ravenous ly ,  
and h e  w a s  placed i n  a n  oxygen t en t .  I n  sp i t e  of 
whole blood t ransfus ions ,  t h e  shock became more  
profound. F o r  a f e w  hours,  t h e  c i r c ~ ~ l a t o r y  col- 

l apse  was successfu l ly  overcome wi th  in te rvenous  
methoxamine HCI (Vasoxyl) ; however, early on 
Day 11, t h e  t empera tu re  rose t o  105.8" F., t h e  
shock aga in  became profound,  a n d  h e  died. 

G m c p  V: Pa t ien t  5, a 37-year-old production 
special is t ,  received an es t imated  to t a l  body ex- 
posrlre t o  2,000 rad  of f a s t  neutrons and 5,000 rad  

TABLE IV-TIME O F  ONSET AND DURATION OF 
~- 

LA4 R2 OR1 1 
LA2 LA6 LA1 LA8 LA9 LA10 LA12 A 1  A2 A 3  A4 OR6 OR1 OR8 

.- 
Group 

Anorexia . . . . . . . . . . . . .  6 a ( < l )  ........ 6 ( 1 )  . . .  3 ( 1 )  . . . . . . . . . . . . . . .  w z )  1 ( 4 )  z ( 5 )  
Nausea . . . . .  .... $ a ( < l )  . . . . . . .  G ( 1 )  . 3 ( 1 )  .?(li) 6 ( 1 2 )  l ( 4 )  Z ( 5 )  
Vomiting . . . . . . . . . . . . . . . . . . . . . . .  6 ( 1  ) . 3(1 )  . . . . . . . . . . . . . .  G ( I )  1 ( 4 )  2(2 )  

. . . . . . . . .  

Diarrhea . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  3 ( 1 )  . . . . . . . . . . . . . . .  . . . . . . . . . . . .  

Abdominal pain . . . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . .  

Conjunctivitis 
Erythema 
Fever 
Sweating 
Oliguria 
Weakness* 
Prostration 
Hyperesthesia 
Paresthesia 

. . . . . . . . . .  
1(<1) . . . .  

Ataxia . . . . . . . . . . . . . . . .  .... 
Disorientation . . . . . . . . . . . . . . . . . . . . . . . . .  

Shock . . . . . . . . . . . . . . . . . . . . . . . . . .  

Coma . . . . . . . . . . . . . . . . .  

Death . . . . . . . . . . . . . . . . . . . . . . . . .  

Arabic number indicates postirradiation day of on- 

Arabic number i 7 i  i fo l i e s  indicates postirradiation 
set. 

hour of onset. 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... .... 

.... .... 

.... .... 

.... .... 

.... .... 

z(1)  1(70) 
.... 1(10)  

.... .... 
.... .... 

... 
... 

.... . . . . . . . . . . . . . . . . . . . .  
~ 

Number in (parentheses) indicates duration. 
''. Includes fatigue. 
t Liniitcd to burned areas of upper extremities. 
i t  Approximate time. 
i In tc>rnii t t m  t .  

.... 

.... 

.... 

.... 

.... 

1 ( 4 )  
1 ( 4 )  
.... 

..~. 

TABLE V-TIME O F  ONSET AND DURATION OF CLINICAL 

Anorexia 
Nausea 
Vomiting 
Diarrhea 
Abdominal pain 

Adbarninal distention 
Conjunctivitis 
Erythema 
Jaundice 
FWer 

Infection 
Purpura  
Hemorrhage 
Scalp pain 
Epilation 

Sweat ing 
Oliguria 
Weakness* 
Prostration 
Weight loss 

Hyperesthesia 
Paresthesia 
Ataxia 
Disorientation 
Shock 

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

. . . . .  . . . . . . . .  

. . . . .  . . . . . . . .  

. . . . . . . . . . . . . .  
. . . . . . . . . . . . .  
. . . . . . . . . . . . .  
. . . . . . .  . . . . .  
. . .  . . . . . . . . .  
. . . . . . . . . . . . .  

. . . . .  . . . . . . .  
. . . . . . . . . . .  

. . . . .  . . . . . . .  
. . . . . . . . . . . . . .  . . . . . . . . . . . . . .  

3(60)  . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

. . . . . . . . . .  . . .  

. . . . . . . . . . . . . .  
Coma . . . . . . . . . . . . .  
Death . . . . . . . . . . . . .  
c a t a r a c t  left . . . . . . . . . . . . . .  

r ight  . . . . . . . . . . . . . .  

__ 
~~ _--- 
. . . .  . . . . . . . .  6 ( 5 )  24(20)  .. 

. .  .. . . . . . . . . . .  
. . . . . . . . . .  .. .. . . . . . . .  . . . .  .. . .  . . . . . . . .  . .  

. . . . . . . . . . . . . . . .  . .  .. 
. .  . .  . . . . . .  

. . . . . . . .  
. . . . . . . . . . . .  

. . . . . . . . . .  : .  6 ( 6 j  24'(9) 31'('3) 

. . . . . . . .  ( i (2n)  .. 31 ( 3 )  
. . . .  2 4 i i O n ! 2 6 ( 4 )  

. . . . . . . .  11(?2) 1Ba(-) 16(4n)  

. . . .  . . . . . .  
. . . . . .  l j ( < 3 0 )  . . . . . .  24(20a)  2 6 ( 2 )  
. . . . . .  

. .  18(<30)  13(-) 17(2'i) . . . . . . . . . . . .  
. . . .  .. .. 

. .  
I i ( l 6 )  . . . . . . . .  l i < O )  2 4 i i O )  XOa(56:L) 

. . . . . .  . . . . . . . .  1piiO) N A  l p i 6 )  

. .  . . . .  . . . . . .  . .  
. . . .  . . . . . .  .; isiio) . .  
. . . .  . . . . . .  . .  . .  

. . . . . .  
. . . . . . . .  .. 

Arabic number indicates post irradiation day of onset. 
Arabic number in italics indicntes post  irradiation hnur of onsct. 
Number in  (parentheses)  indicates duration. 
* Includes fatiaue. 
7 Patient ,had history of intermit tent  abdominiil disr<,nifm4 f o r  s ~ 1 . c v i i 1  yciii-. 
t Epistaxis also occurrcd on day 1 4 .  

m Minntes. 
, I  T'r9s,,rned 

. . . . . .  . . .  

. . . . . .  . . . .  

. . . . . .  . .  32 mo. . .  . . . .  
. . . . . .  . . . . . . . .  58mo. .. .. 

-. _ _  
< Epistaxis also occurred on day 12. 
B Episodc o i  supravmtricular tachycwvrli:i. (History of previous enisode.) 
a Appmtximate timc. 
i Intrrmit tent .  
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of g a m m a  rays.  By a complex ser ies  of technica l  nance  man working  across  t h e  road  s t a t ed  t h a t  h e  
errors ,  a l a rge  volume of enr iched  u ran ium in  a s taggered  aimlessly abou t  l ike a drunken m a n  
liquid f o r m  was allowed t o  become supercr i t ical .  f o r  a minu te  o r  so a n d  t h e n  collapsed on  t h e  

The pa t i en t  s t a t ed  t h a t  h e  immediately f e l t  a ground.  H e  began  t o  r e t ch  violently wi th in  e ight  
bu rn ing  sensa t ion  over h i s  en t i r e  body. H e  w a s  minutes a f t e r  t he  exposure. H e  attempted to  walk 
ab le  t o  s t agge r  out of t h e  bui ld ing  a n d  a t tempted  to t h e  ambulance  b u t  was markedly  ataxic  a n d  
to  r each  a vehicle parked  on t h e  road. A mainte-  confused. 

CLINICAL SIGNS AND SYMPTOMS-INITIAL STAGE 

I11 IV V I1 
YZ Y 3  Y4 Y5 LA3 Y1 LA11 

~- OR2 OR3 OR4 O R 5  Y6 L A 1  R1 

2 ( 1 )  %(4)  4 ( 3 )  2(2) 1 ( 1 )  1(2)  I ( 3 )  1(2a) l (2a )  I ( 2 a )  I(2a) 1(<1)  1(2a)  15m(35) 
2(<1)  2 ( 4 )  4 ( 3 )  Z(2) 1 ( 1 )  Z(2) 1 ( 3 )  l ( 2 a )  l ( 2 a )  I ( 2 a )  I ( 2 a )  1 ( < 1 )  I (2a )  15m(S5i) 

.... 2(4 )  4 ( 2 )  2(G) ... 1(1) 1 ( 3 )  1(2a) f (2a )  I ( z a )  1 ( 2 a )  1(<1) 1 ( 2 a )  15m(S5i) 

. . . . . . . .  . . . . . . . .  ... .... . . .  .... 4(1 )  4(-) 45n1(35i) 
. . .  .... .... .... 30m( l )  . . . . . . . . . . . . . . . . . . . .  . . .  ... ... 

... 

.... 

.... 

.... 

... 

. .  

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 1 (-) 

.... 1 ( > g o )  

.... 1 (>120)  

. . .  l ( 2 a )  

. . . . . . . .  

. . . . . . . .  

. . . . . . .  

. . . . . . . .  

. . . . . . . .  

.... 

.... 

.... 

.... 
.... 

1 ( 4 )  
l ( 4 )  
.... 
.... 

I(-) 1(-)  1(-) -(-) I(-) 30m(35) 
l ( 9 )  l ( 1 4 )  30m(35) 
1 ( 9 )  30m(12) 

l(>iO) lC>iO) 1(>90) .... 1i31) 3 0 ( 5 )  

1(>120) 1(>120)  1(>120)  1(>120) l ( 1 )  l ( 3 1 )  5m(35) 
... ... . . .  .... f ( 1 )  .... 5m(35) 
.... .... .... .... l ( 9 7 )  .... lm(35)  

1(2a) 1(2a )  I (2a)  l ( 2 a )  I ( - ? )  1(2a) .... 

.... .... .... .... lm(S5p) 

.... .... . .  ... .... 30ma ( 3 5 p )  

.... .... .... .~ . .... .... 33(2)  

.... .... .... .... .... .... 35 

l ( 1 4 )  l ( 1 4 )  l ( 1 4 )  

... .... I ( 2 )  .... <la (35)  

.... .... .... lm(S5p) 

__ 
< Less than, o r  earlier than. 
N A  Specific information about occurrence not avail- 

Leaders (. ) indicate nonoccurrence. 
able. 

.. 
... 
... 

.... 
1 ( < 1 )  .... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

in Minutes. 
p Presumed. 
t Includes terminal ~ 'ecurre i i~e .  
- Known to  have occurred, but time unknown. 
> More than, or later than. 

.. 

.. .. 

.. 

l i ( l 1 l t  

.. 

. .  

.. 
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On admission to  t h e  hospital ,  20 minutes  a f t e r  
exposure,  t h e  pa t i en t  w a s  vomiting and  had  a n  
explosive involuntary  wa te ry  bowel movement. 
H e  was  cyanotic a n d  in a c u t e  resp i ra tory  distress.  
A generalized e ry thema w a s  noted, and  h e  w a s  
in clinical  shock a s  evidenced by a blood p res su re  
of 70/50. Vigorous the rapy  wi th  whole blood 
t r ans fus ions  was employed b u t  fa i led to  combat 
t h e  clinical  shock. In t r avenous  methoxamille HCI 
(Vasoxyl) mas begun d u r i n g  t h e  f o u r t h  hour .  T h e  
response  t o  t h i s  t he rapy  mas  insufficient t o  r a i se  
t h e  patient’s blood p res su re  ou t  of t h e  r ange  of 
clinical  shock. T h e  vomiting and  confusion per-  
s is ted.  T h e  sensor ium remained  clouded. On t h e  
10th hour ,  90 cc. of u r ine  w a s  obtained by cathe-  
ter izat ion,  ind ica t ing  t h a t  t h e r e  w a s  a n  almost 
complete a n u r i a  f r o m  t h e  onset.  By t h e  l F t h  hour ,  
p ros t ra t ion  was  marked .  T h e  pa t i en t  became pro- 
gressively more  disoriented, and  twi tch ing  of 
var ious  musc les  w a s  noted. H e  became comato ie  
i n  t he  21st hour ,  convulsed, and  died a few minutes 
later. 

T h e  blood counts  macle du r ing  t h e  first  hour  
were normal in every respect. Blood taken hourly 
fo r  counts revealed a progressive increase in t h e  
leukocyte count to a level of 41,000 in the 16th  
hour  followed by a steady decrease  t o  t h e  level 
of 16,000 j u s t  p r io r  to death.  By t h e  t h i r d  hour ,  
t h e  lymphocyte count had  decreased t o  950, and  
by t h e  seventh  h o u r  the re  w a s  :I complete disap- 
pearance of lymphocytes f rom the peripheral blood. 
T h e  findings of t h e  bone m a r r o w  biopsy m a d e  dur- 
ing the  early hours were not remarkable. Hemato- 
logical da ta  a re  presented graphically in Figure 2. 

Only 180 cc. of u r i n e  was  obtained f rom t h e  t ime 
of t h e  ini t ia l  ca the te r iza t ion  unt i l  death.  Con-  
s i s t en t  w i th  th i s  oliguria,  t he re  ~ r a s  n steady r i s e  
in t h e  NPN and  BUP; levels reaching  82 and 19 
m g  sd  respectively.  

Analysis of Accident Cases 
The hypothetical cases just presented were 

developed from the data contained in reports 
of the accident cases reviewed in this section. 
In Table 111 the actual cases are classified by 
radiation injury groups. We shall now consider 
the clinical data in these cases. 

CLrNrcaL SIGNS AND SYMPTOMS - The time 
of onset and of duration of clinical signs and 
symptoms in the early postirradiation period 
a r e  given in Table IV. A similar compilation in 
Table V presents the clinical phenomena of the 
stage of manifest radiation illness. Where an 
early finding disappeared and then recurred 
af ter  the latent period, it has been handled as  
a newly occurring finding.. If, on the other hand, 
i t  persisted from the s tar t ,  it has been recorded 
identically on both tables. Great variations in 
the observations made, the clarity with which 
they were reported, the many forms of therapy 
employed, and the small nuniber of cases in- 
volved make these data a somewhat imprecise 
basis from which to reach firm diagnostic a n d  

prognostic conclusions. Nevertheless, certain 
generalizatlons appear warranted. 

Initio1 Stage-The classic prodromal gastro- 
intestinal symptoms of the acute radiation syn- 
drome, Le., anorexia, nausea, and vomiting, 
were present in all patients in Group 111 and 
above, within an  hour af ter  exposure. They gen- 
erally continued for  about two days. I n  Group 
111, the tr iad n a s  somewhat slower in appear- 
ing, beginning within six hours, bu t  continuing 
intermittently f o r  about the same duration. 
Two of the eight patients did not vomit at all. 
Only 4 of the 1 4  Group I patients had anorexia 
or nausea, and only 2 of them vomited. In  one 
of these, the symptoms occurred on the third 
day and were considered by the physician in  
charge as “a manifestation of anxiety and ten- 
sion rather than radiation sickness.” 

The occui‘rence of diarrhea in this stage 
seemed to be of serious prognostic importance. 
Other than in the previously mentioned patient 
in Group I who had the anxiety reaction, this 
symptom occurred only in the Group IV and V 
cases, all three of which were fatal. It ap- 
peared on Day 4 in both Group IV patients. In 
the Group T‘ patient it started in 45 minutes, 
shortly after the onset of abdominal pain. 

IVealtness and fatigue were found in occa- 
sional Group I and I1 cases but  were present 
ant1 prolonged in all cases above tha t  level of 
injury. Early prostration was also sometimes 
noted for  a short  time in Group I1 and above. 

Other symptoms which were frequent almost 
exclusively in Group 111 and above included 
coni unctivitis, erythema, sweating, and pares- 
theqias. Oliguria was seen in only one Group 
IT; case and the Group V case. 

Immediate central nervous system sympto- 
matology, inclucling ataxia, disorientation, and 
cardiovascular collapse, were seen only in the 
latter patient. He later became comatose and 
died about 3 6  hours af ter  radiation exposure 
with 110 evident latent period af ter  the start of 
hi\ illness. All other patients did have a vari- 
ably long period of remission of early symptoms 
b2i‘ore the m:~nifest illness stage began. 

Stage-Patients in Group I 
showed no clinical evidence of illness of any 
kind after the initial stage subsided, except 
foi. one upper respiratory infection, one small 
retinal hemorrhage, and two complaints of 
\vedmess. 

The most frequent finding above Group I was 
weakness and fatigue. This occurred in all 
cases. Onset in Group I1 was most often in the 
fifth or sixth week. In Group 111 and above i t  
ap1)eared almost immediately. Duration was 
v;ii.ial)le, but generally the symptom lasted for 

era1 months. 
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TABLE \‘I-PROFILE VALUES ASSIGNED FOR VARIOUS RANGES O F  ABNORMALITY 
HEMATOLOGY-PERIPHERAL COUNTS 

~ .- ____ -. 
Profile Value 

___ 
Uni t s  Normal* 3 4 1 2 3 4 1 2 _____ ~ _ ~ _ _  _. 

Tes t  

(For  increase above: 1 (For  decrease below:) 

18 I!) 20 21 14 12 1 0  8 Hemoglobin Gm.% M-15.8 
17-1 3.9 16 1 7  18 19 11.5 10 8.5 7 

Erythi.ocytes Mill/ninY M-5.4 6.0 7.0 8.0 9.0 4.5 3.5 2.5 1.5 
E’-4.8 5.5 6.5 7.5 8.5 4.0 3.0 2.0 1.0 

40 35 30 25 Hematocrit vo1.yl M-47 5.1 56 58 60 
1 ~ 4 2  47 411 51 53 37 32 27 22 

Leucooytes 1000/mm” 7.4 
Neutrophils 1 OOO/mm” 4.4 7.7 I 4  2 1  28.0 
Lymphocytes 1000,lmmn’ 2.5 
Platelets 1000/nim” 

12 18 24 so 4.0 3.0 2.0 1.0 
1.8 1.3 0.9 0.5 

4.8 7.0 1 0  12.0 1.0 0.75 0.5 0.3 

Rees-Ecker ‘405 545 700 850 1000 273 200 100 30 
Brecher-Cronlrite 257 440 FOU 750 900 140 100 50 30 
Fonio 2 3 -4 350 500 650 800 130 100 50 30 

900 1000 1500 2000 500 350 100 30 Datncshek 7 1 (i 
Reticulocytes % R E C  1.5 4 x 15 25 .5 0 
Erythrocyte Sediinentation Rate 1nn1 /hr. M-5 10 20 30 40 

20 30 40 50 F-10 _ _ _ _ _ ~  -~____ ___ - 
Expressed as “universal mean” value-taken f roni Albritton.” 

Another common finding in all groups above 
the first one w a s  epilation. Time of onset ranged 
from 13 to 20 days, with 10 of 14 patients be- 
ginning to lose hair  between the 16th and 18th 
days. Two other patients, dying in one and one- 
half and in nine days, did not epilate. KO data 
are  given in the remaining case. No clear rela- 
tionship of time of onset or of duration to in- 
jury group is evident. 

Scalp hyperesthesia or pain occurred in most 
Group I1 patients one o r  two days before epila- 
tion. No similar finding was noted in the higher 
groupd. 

Sporadic episodes of fever were observed in 
half of the patients in Group I J  ;ind in all of 
those above tha t  group. These 1vei.e of short 
duration in Group I1, but  laqtcd onc or mow 
weeks in  most of the more in jured patients. 

Clinical evidence of infeetioil w a s  seen be- 
tween the second and foiirth weeks in  half of 
Group 11, including two  of 1 h ~  four I’ebrile pa- 
tients. In  Group ITI all case5 shouwl mch  indi- 
cations. Definite clinical infcction wi i s  n o t  noted 
in Groups IV and V. 

Hemorrhagic phenomena, such ; i i  jringival 
bleeding, epistaxis, petechiact, ant1 p~irp~i1~1, 
were observed in moqt cases of Croull I1 and 
above who survived beyond the thiid weel,. 
Serious hemorrhage v\.ils limited to tu, o pa- 
tients in the fourth postesposr~i.e weck. One, in 
Group 111, had menorrhagia and another in 
Group IV died with LI n con t r 01 1; tlr 1 c h cliii ;I t em ese 
and, finally, hemop ty yes. 

In Group IT1 and above a number of symp- 
toms including r ecu r r en t a nor ex i a ;in d n ausca, 
abdominal diseoniforl, prostration, ancl oliguria 
appeared a t  the peak of manifest illness. These 

fintlings occurred earlier in the more acutely 
ill patients, who also had the additional symp- 
toms of vomiting, diarrhea, and abdominal dis- 
tention. Disorientation, shock, coma, and death 
followed in several instances. 

Jaundice was noted in mild transient form a t  
the end of this period in two individuals in 
Group 111 and in more marked form terminally 
in the two Group IV patients. 

Weight loss was mild and not of long dura- 
tion in Group IT. In  higher groups i t  appears 
to have been severer but details a r e  somewhat 
SCR I1 t.. 

Ciubsequent cataracts have been observed in 
om: member of Group 11. No other long-term 
cffclcts have been reported. 

I,LI\HORATORY F’TNDIKGS- A large number of 
1;1horatoi~y e:;aminations of many varieties were 
pci~foi~med in the rndiation accident patients 
discussed i n  this report.. In  order to consider 
ani1 compare the laboratory observations, i t  
\vas  clrai~l:: necessary to develop a proceclui*e 
for theii. analysis which would allow broad con- 
clusions to he drajvn despite diffeiences in 
details of methot1olog~- employed in the diverse 
s t 11 (1 y cent e r.<. 

‘I’hc acceptctl i?ormal range of results of each 
test ~irocedui~e which was widely used among 
thc cases undei. StLiily, o r  which is recommended 
for  such future  :ISL‘, was determjned. A scor- 
ing system \ v a s  then c!evised which assigned 
values f i ~ m  1 to 4 to ranges of increasing devia- 
tion fl*oni the  normal range. Using the result- 
an1 vkilues, “lirofiles of injury” could he scored 
f o r  the indi~.idual patients whose laboratory 
findings were so analyzed. These have been 
called “profile scores.’’ The values assigned t o  
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Figure 3 

the various deviations of laboratory tests from 
the normal range have therefore been desig- 
nated “profile values.” The profile values for  
hematological tests a re  given in Table VI. Pro- 
file values for  coagulation tests and for  bio- 
chemical tests of urine and blood are  published 
elsewhere.29 Profile values were not assigned to 
tests which are  not suited to this type of anal- 
ysis. 

Profile scores were determined for all pos- 
sible tests in each individual case. These were 
analyzed individually and also cumulatively 
over the postexposure time period. Then, to 
facilitate intragroup comparisons, an  attempt 
was made to determine the mean profile score 
for  each radiation injury group on each type 
of test procedure at  various convenient post- 
exposure time intervals. 

Unfortunately, i t  was found that only in the 
category of hematological tests were there a 
sufficient number of observations performed in 
uniform enough time periods in a large enough 
number of the accident patients to permit deter- 
mination of mean profile scores for  each clini- 
cal radiation injury group. It is possible, how- 
ever, t h a t  profile scores for  other tests might 
also be useful in the future,  provided that  they 
a re  performed at relatively frequent and con- 
sistent intervals. For  this reason, suggested 
profile values for  ranges of abnormalities of 
standard blood clotting, blood chemistry, and 
urine chemistry tests a r e  given in another 
report.29 

P e ~ i p h e ~ a l  Blood Counts-Previous reports 
have indicated the utility of one or another of 
the components of the peripheral blood count 
as an indicator of radiation injury.1’. I S  ?* 

Granulocytes, lymphocytes, monocytes, 
platelets, and reticulocytes have all been 
shown to contribute helpful information. 
We have reviewed the hematological 
data with two main questions in mind. 
One is how much they aid in t h e  assign- 
ment  of a n  unknown case to a specific 
injury group, with all the  therapeutic 
and prognostic implications appertain- 
ing thereto. The other is how well they 
help to detect complications or thera- 
peutic r e s p o n s e s  t o  t h e  s u b s e q u e n t  
course. 

Total blood count profile score is made 
up of scores for  counts of erythrocytes 
or hematocrit, leucocytes, granulocytes, 
lymphocytes, and platelets. Other ele- 
ments were omitted on the previously 
discussed grounds of infrequenc)~ and 
iri.egularity of tests. 

\Vhen the means of such integral 
scores were cumulated by groups and 

graphed (Fig.  3 )  variations in the rate  of ac- 
cumulation of injury over time, and its maxi- 
mum magnitude, were evidently closely related 
to  the signs of clinical injury upon which in- 
jury group selection was based. It was possible 
to  separate the mean score of cases falling into 
(:roup I and I1 from those of the sicker ones 
after 48 hours or less. Group T‘ was also quite 
distinguishable from the outset. By the sixth 
tiny, Group I was distinct from 11, and I11 
from IV. 

Examinatioii of the ranges of the cumula- 
t i v e  group mean scores portrayed in  Figure 3 
hhom the value of the blood count in indicating 
iiidiation injur,,.. I t  also makes clear the dif- 
liculty of relying solely on this measure in the 
initial stage of radiation illness when there is 
( onsiderable overlapping of group mean profile 
score r:inges. 

If one wishes to refine the estimation of in- 
.I ury group assignment further,  certain in- 
dividual tests which go into the previous total 
.scores may be considered individually. It must 
be realized. however, that  the more data tha t  
( a n  be compared with the mean scores herein, 
t h e  greater the confidence tha t  can be placed 
i n  the resultant prognostic conclusions. 

The lymphocyte scores appeared to  be the  
t m t  prompt laboratory indicators of radiation 
injury. In 48 hours Groups 11, 111, IV, and V 
were well separated in mean score. However, 
;I few of the Group I1 cases showed little early 
lymphocyte fall and the opposite occurred in 
Group I. so tha t  there remained some overlap- 
iiing of the two lower groups. If one considered 
the presence or absence of prodromal (nausea 
and /or vomiting) symptoms in addition to the 
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lymphocyte score in assigning patients to  these 
two groups, the likelihood of correct decision 
was fur ther  enhanced. 

The neutrophil score did not facilitate differ- 
entiation of Groups I and 11. Nevertheless, it 
was useful supportive evidence in separating 
the two  lower groups from the three higher 
ones by Day 3. Also G i - o ~ p s  111 and IV were 
becoming distinct on Day 3 by this means. How- 
ever, Groups I and I1 were not  separable for  
the first month. 

The leukocyte score gave rather  similar in- 
formation but not as  distinctly as did the 
neutrophil score. This was, of course, a reflec- 
tion of the fact  tha t  neutrophil variations ac- 
count for  most of the white count changes, but 
lymphocyte shifts a re  also involved. Thus the 
distinction between GI-OU~S I and I1 was pres- 
en t  earlier here than in the neutrophil score. 

The platelet score was not very useful in 
the early days after exposure. However, the 
differentiation of Group IT’ from Group 111 was 
apparent by this test as earl) a s  Day 6. After 
the third week, sharp changes separated Groups 
TI and 111 from the unaltered Group I. 

Erythrocyte scoring R a s  least helpful early. 
There was a reversal of Groups 111 and IV. 
However, a difference between Groups I1 and I11 
was discernable after the first month. Thera- 
peutic efforts, such as transfusion, and some 
preexposure abnormalities c.onfusec1 the data  
from this test. 

Regarding the value of hematological profile 
scores as an  indicator of complications no clear 
findings emerge. Neither infections nor bleed- 
ing began only when neutrophil or platelet 
levels were lowest, although this was generally 
so. Distinct deviations of an individual case 
from the group pattern during the course might 
indicate complications. Howeb er, more data  
a re  needed to define the ixnges of the group 
patterns before this procedure can be evaluated 
adequately. 

Reflections of therapy, other than tha t  of 
transfusions already mentioned in the previous 
discussion of erythrocytes, may have occurred 
in the Yugoslavian cases. The Group IT’ data  
a r e  based on Y6 alone af ter  the death of LA3 
on Day 9. The near normal neutrophil integral 
scores on Days 15 and 18 follow embryonal 
myeloid tissue transfusion, and the one on Day 
30 follows adult marrow transfusion. The 
integral platelet score on Day 30 also is normal. 
Similar effects of miirrow transplantation in 
cases Y2, Y3, Y4, and Y5, a11 in Group 111, may 
be responsible for  the improvement of tha t  
group’s neutrophil and platelet scores somewhat 
earlier than those of Group 11. 

Othej .  Hematological Ycsfs--Rone Marrow : 

Examinations were made at various times in 
many of the cases. However, quantitation or 
codification of results is not possible; SO no 
profile could be devised. Detailed discussions 
of bone marrow findings a re  given in several 

In general, relation of appearance of an 
aspirated sample of marrow to amount of in- 
jury or prognosis is not sufficiently obvious 
to  use in making injury group assignments. 
There is a hypocellularity from the early period 
af ter  exposure, with depression of the granuly- 
cytic series in particular. illonoiiuclear cells 
of the reticulum and plasma cell varieties re- 
main, with variable concentrations of erythroid 
precursors. Megakaryocytic diminution and 
deterioration is present later. Regeneration 
of erythroid and myeloid precursors may de- 
velop in the face of falling peripheral counts 
ant1 ;L subsequcnt fatal  outcome. 

Reticulocytes : 1)ata were insufficient f o r  
profiling. Depression of levels was generally 
prompt, but depth was not clearly related 
to injury level. Recovery was indicated by 
reticulocytosis, with possible direct relation- 
ship of its height to the level of previous in- 
jury.” 

Erythrocyte Sedimentation Rate : The results 
of this test Lvere available serially only in the 
Oak Ridge cases. Here a close relationship 
of elevation to the early stages of infection 
4eerns to have been present. However, the ab- 
normality persists f a r  beyond the infection 
which i t  heralded. Further data would be useful 
in evaluating the apparent usefulness of this 
test as  ii warning of infection at a time when 
the usual signs, such as  fever or leucocytosis, 
1nay not be of service. 

Elood Coagulation Tests : The coagulation 
time was the test most consistently performed. 
I’iltirnts LA3, LA4, and LAG showed signifi- 
cant prolongations. The maximum deviation 
of the latter two occurred on Day 6. In the 
c u e  of LA3, a Group IV patient, there was a 
progressive prolongation of the clotting time. 
Just prior to death on Day 9, the blood was 
unco;igulable. An increase in clotting time 
IVNS iioted on many occasions in various pa- 
l ient\ from the Yugoslavian accident. 

A variety of tests to measure components of 
the prothrombin complex were carried out in 
some of the cases. In general, there was no 
evidence of derangement, except in a few of 
the patients severely injured. The plasma 
prothrombin time was moderately increased in 
LAB. A decrease in Ac globulin and procon- 
vertin was noted in Y2. The tourniquet tes t  
was positive on many determinations made on 
the Yugoslavian patients, especially patients 

13, 1; 1s 

August 1959 / Journal of Occrlpnlionai Medicine 435 



Y4, Y5, and Y6. Of the  five Oak Ridge patients 
in Injury Group 11, four had elevated levels of 
Ac globulin; all had distinctly elevated levels 
of antihemophilic globulin a t  the peak of their  
thrombocytopenia. These abnormalities of the 
plasma clotting factors a r e  believed to be re- 
lated, a t  least in part, to the thrombocytopenia. 

Blood ChenListr~-The blood electrolytes were 
measured in  practically all of' the patients, and 
failed to reveal any significant abnormalities, 
other than those associated with prolonged 
vomiting or diarrhea. Nitrogen retention was 
noted in all patients exhibiting oliguria. Cal- 
cium and phosphorus metabolism appeared l o  
be unaltered, except in the case of LA3, in 
which there was a decrease i n  blood calcium, 
which would have been expected in a patient 
with severe nitrogen retention. 

Total protein measurements and electro- 
phoretic fractionation were carried out on 
practically all Group 11, 111, and IV patients. 
The results of these determinations were es-  
tremely variable and comliletely inconsistent. 
There was evidence o f  hyperbilirubinemia in 
patients LA3, LA1, and Y l ,  either terminally 
or at postmortem examination. A number of 
other biochemical procedures were carried out, 
none of which revealed any  significant abnor- 
malities. 

U v k e  GlL.eviist,rg - Urinary output was re- 
corded for  all patients except R 1  and R2. In all 
G r ~ p  111 cases and above, except LA1, a de- 
crease to diguric  levels was noted during the 
critical period of the manifest illness stage. 

There were no significant effects i n  either 
total nitrogen, amino n i t r o ~ e n ,  o r  uric acid 
excretion in the Group I1 O d c  Ridge patients. 

Quantitative deterniinatiojis ( i f  u r i n 21 i' y 
amino acids were macle i n  most of the cases 
in a l l  groups. Increased excret ion of a variety 
of these was noted as  eai.ly :IS 12 hours af ter  
irradiation, but there W:LS no  qiiantitntive dose 
cor~~elation. A newly disco\.eiwl i i ~ i n a r y  aniino 
acid, ~~eta-i~niinoisol~iit\.1.ic: ;:citl (CI1IT:A) , \V;IS 
excreted in incremed amouii t .s  I )? .  t he  0;ik Ridge 
patients in  Group 11.'; Escrct ion  vas maximum 
d u r i n g  the first few days 2il'tr.r esposni'e alld 
returned to normal hy U;ty 11). The magnitude 
of the increase in  excretion of I~?AIE,\ in  these 
c':ises appears to  be 

Significant increases in bile pigment excre- 
tion w a s  noted in LAS, Lil.1, and  occasionally 
i n  some of the Yugoslavians. There was pre- 
sumptive evidence of an  inci.ease in  LAI. The 
increase in coproporphyrin cxre t ion  in LA4, a 
Gi*oup 11 patient, first o i c ~ i i ~ i ~ c d  and  as a t  the 
highest level on Dm- 2. It. recurred intermit- 
tently through Day I:;. 
bilinogen nw, noted on 1) 

i2I~scellcineoiis 0 bsewations - Bacteriology 
procedures carried out on a number of patients 
in all groups were not particularly helpful. 
Occult blood was found in the stools of several 
patients in Groups I1 and above at the t ime of 
other hemorrhagic manifestations. 

Seminal fluid examinations made on the male 
Xrgonne patients showed a n  aspermia by the 
10th month in A l ,  the patient who received the  
highest dose. In all of the surviving male 
Y ugoslavian patients there were marked quan- 
titative and morphologic changes in  the sperm. 
A t  autopsy of Y1, a total depopulation of the 
seminiferous tubules was found. Similar find- 
ings ryere noted in LA1, and LA3 a t  autopsy. 
LA4 had aspermia at the seventh month which 
persisted f o r  17 months. Testicular biopsy in 
thih patient revealed marked atrophy a t  the 
10th month. Biopsy a t  50 months af ter  irra- 
r1i:ition again revealed atrophy but there was 
evitlence of partial wgeneration. 

Slit lamp examinations of the lens were made 
i n  most of the nonfatal cases. Only one, LA4, 
deieloped lens opacities. The first was noted 
in the left eye a t  32 months af ter  exposure, and 
by 58 months an incipient cataract in the lens 
of' his right ejre had developed. 

Part 111. Recommended Medical 
Procedures 

The selection and time of performance of 
appropriate diagnostic :ind clinical procedures 
will lie strongly influenced by three kinds of 
kiio\\-ledge. The first is the clinical acumen 
ant1 judgment ivhich would be brought to  bear 
011 the mcdical maiiagemeiit of any patient. 
T ~ I C  secontl is ;in awareness of the underlying 
~,atIi:il,liysiolng!. of the acute radiation syn- 
d ~ o r n e  in iii;~n. The third is a general idea of 
the ni:ignitude il11d type of radiation to which 
tht?  pwtient h a s  been eqposed. Discussion of 
ti-,,! first o f  thwe is beyond the scope o f  this 
I J ; ~ ~ I ~ Y .  The nest t \vo have dready  been men- 
t i I  )ne d ,  i )  u t the i r a p 111 icaiion i 11 1 he i nd iv i dual 
;ii:citlental espoaiiw case warrants  some fur ther  
c ( ~n s ; de ra t io 11. 

In  a given accitlent, the exposure dose would 
soem to be the logical piece of information 
which upon clinical management can be planned. 
A s  has already been indicated, however, i t  i s  
]lot necessarily helpf u I  in the individual case 
1'or two i'easons: First ,  the  close, if i t  can be 
tlctermined, is  not. usually available as soon as 
iic?etled. Second, no given individual will neces- 
snrily respond exactly as his confreres in a 
rrivcn dose category. Therefore, the highest 
1 jriority di~gnost i t '  recommendations in the 
( , ; ~ r l y  post.esposure pcriod a re  planned for  the 
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accumulation of sufficient information to es- 
tablish the response “profile” of the individual 
under study in comparison with those of others 
who were studied in  a similar manner af ter  
whatever dose of radiation. When this informa- 
tion is available, a reasonably accurate prog- 
nosis can be made and planning of clinical 
management can proceed even in the absence of 
dosimetry information. It is highly desirable, 
of course, to obtain physical dosimetry data as 
soon as possible to supplement the clinical 
estimate of injury. 

Subsequent tests will be recommended to 
serve four purposes : to validate the original 
diagnostic and prognostic conclusions in the 
patient;  to detect promptly the development of 
clinical complications i n  the patient’s course ; 
to  provide more data for improved profile scor- 
ing of future  cases; and to supply more infor- 
mation about radiation pathophysiology. 

Diagnostic Procedures 
Given one or  more individuals who have acci- 

dentally received, in all probability, a signifi- 
cant acute injurious radiation overexposure of 
neutron and/or gamma rag type, how should 
the attending physician proceed? It is ra ther  
obvious tha t  in our present state of knowledge 
of human radiation injury there really is no 
procedure which might not be productive of 
some new information of immediate or eventual 
applicability. However, i t  is also obvious tha t  
diagnostic tests must include those that  a re  
most essential and none tha t  a r e  detrimental to  
the individuals involved. The resultant limita- 
tion in number and frequency makes a well- 
informed selection all the more important. 

In the course of this analysis of all available 
criticality accidents, certain diagnostic hints 
have emerged which may aid in dealing with 
similar situations in the future.  Further  ex- 
perience may alter these recommend a t’ ions com- 
pletely, but  a t  this time the procedures listed 
in Table XI1 seem to be the  most likely to facili- 
ta te  preliminary clinical evaluation and subse- 
quent management. 

The diagnostic tests have been outlined in 
tabular form for  convenience of the reader. 
Frequency and duration of test performances 
a re  given. Suggestions based on the analysis 
of previous studies a re  made for  each of the 
five clinical injury groups. In line with the 
objectives of these diagnostic recommendations, 
test procedures have been categorized as  Type 
A, B, or C. Type A procedures are  of par- 
ticular applicability in the earl)- diagnostic and 
prognostic appraisal of clinical radiation in- 
jury.  Type B procedures a re  of more help in 
confirming the earlier estimations of injury 
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PRELIMINARY E V A L U A T I O N  OF 
C L I N I C A L  R A D I A T I O N  I N J U R Y  FOLLOWING OVEREXPOSURE 

t .  Observe and Record Tim- of Onset 
of Clinical Signs and Symptomr 

Nausea. Vomiting. Diarrhea 
Within Minuter 

Ataxia, Disorientation, Shock. 
Coma in Minuter to Hours 

- 
Injury Groups 

.1 
Nausea a n d l o r  Vomiting and 

Marked Leucocyte and Lymphocyte 

111. IV 

~1 - I Diarrhea Within and 4 Day, - Marked Platelst Derangement 
Within h to 9 Days 

-~ 

Figure 1 

and in recognizing and managing the develop- 
ment of complications. Type C procedures a re  
of possible but not yet verified value for  future  
use in either of the two previous categories. 
In order to determine their suitability, they 
should be utilized when feasible. 

While this procedural outline is thus seg- 
mented, somewhat arbitrarily, for  the sake of 
clarity of presentation, it should be clearly 
understood tha t  each individual case must be 
vieivetl and studied in its own right as the 
particular symptomatology and course require. 
I t  ~2 io i i l d  also be recognized tha t  i t  is beyond 
the purpose of this listing to include specific 
recommendations for future  scientific lines of 
investigation of the acute radiation syndrome. 
Such radiobiological studies, while assuredly 
desirable, must  emanate from the interest and 
availability of appropriate research personnel 
in each particular instance. For  the purposes 
which have stimulated the preparation of this 
report i t  should suffice to point out tha t  the 
accumulation of good basic clinical and labora- 
tory data in :I consistent and logical form from 
these unfortunate episodes will itself be a dis- 
tinct contribution to radiobiological knowledge 
as \!ell as a means of facilitating clinical pa- 
tient management. 
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TABLE VII-BLOOD COUNTS AND PROFILE SCORING-HYPOTHETICAL CASE 3 
Platelets Total 

Score 
D C  

Hematocrit Leucocyte8 Neutrophil. . Lymphocytes 

Count D C 
Score Score Score Count Score - - - - I_ 

Score 
Day Val% D C X 1000 D C 

~~ 

Count D C Count D C - 
48 0 0 13,000 1 1 12,100 1 1 800 1 1 320 0 0 3 3  

6 9  
4 13 

1 
2 47 0 0 12,100 1 2 11,200 1 2 “0 4 5 330 0 0 
3 47 0 0 5,300 0 2 5,000 0 2 100 4 9 350 0 0 
4 47 3,900 3,700 150 
5 2,900 2,550 280 

6 
7 1,550 1,300 200 
8 
9 48 0 0 1,700 3 8 1,500 1 5 150 4 17 9ti 2 2 

10 2,000 1,800 100 

48 0 0 1,400 3 5 1,060 2 4 260 4 13 300 0 0 9 2’2 

1,600 1,350 180 
10 32 

11 
12 47 0 0 
13 
1 4  
15 47 0 0 

16 
17 
18 47 0 0 
19 
20 
21 45 0 0 
22 
23 
24 44 0 0 
25 
26 
27 39 1 1 
28 31 
29 32 2 3 

2,050 
2,100 
2,050 
1,950 
1,950 
2,050 
2,150 
2,250 
2,250 
2,150 
2,100 
1,750 
1,300 

900 
850 
800 
750 
600 
500 

2 10 

3 12 

2 15 

2 17 

4 21 

4 25 

4 29 

1,950 
2,000 0 5 
1,700 
1,500 
1,250 2 7 
1,280 
1,300 
1,350 2 9 
1,300 
1,200 
1,150 2 11 
1,000 

700 
550 3 14 
500 
550 
600 3 17 
500 
400 4 21 -~ 

90 
90 

300 
400 
650 
760 
820 
880 
900 
920 
950 
750 
600 
300 
250 
200 
100 
84 
75 

4 21 

3 24 

1 25 

1 26 

3 29 

4 33 

4 37 

60 

50 

40 
30 
20 
10 
20 
30 
50 
30 
20 
10 
10 
10 

2 4  8 40 

2 6  10 50 

3 9  8 58 

4 13 9 67 

4 17 14 81 

4 21 16 97 

4 25 18 115 
D Daily 
C Cumulative 

’FABLE VIII-INTEGRAL AND CUMULATIVE RANGE 
_____________-- __.~.-__-________ 

- 

Erythrocytes Leucocytes Neutrophils __ ~- _ _  
_- Integral Crimulative Intesral Iiitesrnl Cumulative Cumulative 

____I __ ~ - _ _  ~ ~~ 

Day 

Ranrc Mean Range Mt.:tn Rariac Msnn Range Mean Range Mean Range Mean 
_____ -__- ~ ~. ~ ~ - __________ 

1 0 0 0 0 0-2 0.54 0-2 0.54 0-2 0.69 0-2 0.69 

3 0 0 0 0 0-1 n 23 0-3 1.00 0-1 0.23 0-3 1.15 
6 0 n 0 0 0-2 n.15 0-3 1.15 0-2 0.15 0-3 1.30 

2 0 0 0 0 0-7 0.23 0 - 3  0.77 0-1 0.23 0-3 0.92 

9 0 0 0 0 0 n o-:I 1.15 n 0 0-3 1.30 

15 0 0 0 0 0 0 (I-:< 1.23 n 0 0-3 1.38 

0-3 1.38 

12 0 0 n n 0 - I  0.08 0 - 3  1.23 0-1 0.08 0-3 1.38 

18 0-1 0.08 0-1 0.08 0 0 0-3 1.23 0 0 0-3 1.38 
21 0-1 0.08 0-2 0.16 0 0 0-3 1.23 0 0 
24 0-1 0.08 0-3 0.24 0-1 0.08 0-4 1.31 0-1 0.08 0-4 1.46 
27 0-1 0.23 0-4 0.47 0-1 0.08 0 ~ - 5  1.39 0-1 0.08 0-5 1.54 
30 0-3 0.23 0-5 0.70 0-1 0.08 0-5 1.47 0 0 0-5 1.54 

0-5 1.54 
0 0-5 1.54 

33 0-1 0.08 0-5 0.78 (1-1 0.08 0-5 1.55 0 0 
36 0-1 0.08 0-5 0.8G 0-1 0.ox 0-5 1.6.3 0 
40 0-1 0.08 0-5 0.94 0-2 0.15 0-5 1.78 0--2 0.15 0-5 1.G9 

44 0-1 0.08 0-(i 1.02 0-2 0.16 0-7 l.Ix3 0-1 0.08 0-5 1.77 
48 0-1 0.08 0-7 1.10 0 1 )  0-7 1.1~3 0 0 0-5 1.77 

0 0-5 1.77 GO 0-1 U.08 0-8 1.18 0 I i  0 -7 1.!)3 0 
75 0 1  0.08 &!I 1.26 0 11 0-7 l.!I3 0 0 3-5 1.77 
90 n 0 0-I! 1.2(i 0 I1 n-~i 1.93 11 0 0-5 1.77 

105 3 0 0-!I 1.26 0 I1 0-7 1.93 0 0 0-5 1.77 
0-5 1.77 120 0 0 0-!I 1.26 0 0 0-7 1.93 0 0 

-~..-~ _. ._ ~~ __  _ _ _  ____I ..__ - ___- -. __ ~ 
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PRELIMINARY EVALUATION O F  RADIATION I N -  
JURY-An attempt has been made, utilizing the 
early clinical data  recorded in the past accident 
cases, t o  identify those findings which have the  
greatest  early prognostic value by indicating 
the correct injury group assignment and thus 
subsequent clinical course. On this basis a 
plan has been drawn up which should aid in 
planning fo r  subsequent patient care. I t  is 
briefly summarized in Figure 4. This evalua- 
tion plan rests on the early and accurate per- 
formance of two familiar diagnostic procedures 
called for  in Table XI1 - continuous detailed 
clinical observations and blood counts. The 
necessary clinical observations include a com- 
plete history of the immediate episode as well 
as of previous and preexisting abnormalities in 
health. A complete physical examination is  
indicated both to find any abnormalities present 
and to  serve as a base-line observation fo r  sub- 
sequent changes. Items of particular interest 
are the  exact time of onset and duration of 
symptoms and signs listed in  Table IV. Central 
nervous system and gastrointestinal findings 
a re  of greatest  importance in the preliminary 
evaluation process. 

The blood counts should include erythrocyte 
count and/or hematocrit, leukocyte count, dif- 
ferential count, calculated total lymphocytes 
and neutrophils, and platelet count. They 
should be performed a t  least once daily for  
the first three days. To evaluate the results, 

the blood count profile scoring method is rec- 
ommended. 

-To demonstrate the use of the scoring meth- 
od, the hematological findings of Hypothetical 
Case 3 are presented in Table VII. The leuko- 
cyte count on Day 1 is 13,000. On Day 2, a 
count of 12,100 scores 1 again. Thus the integral 
score again is 1, but  the cumulative leukocyte 
score is now 2. These steps a re  carried out for  
all components of the  blood count. 

The integral and cumulative scores of in- 
dividual counts and total counts a re  then com- 
pared with those presented as  group mean 
scores and their ranges on Tables VIII, IX, X, 
and XI. The total cumulative scores of Hypo- 
thetical Case 3 for  Days 1, 2, and 3 a re  3, 9, 
and 13. Since the mean scores of Group I11 
a re  l . G ,  7.6, and 14.0 while those of Group I1 
a re  1.4, 2.4, and 3.3, i t  appears t ha t  Hypo- 
thetical Case 3 is most likely to  present a ra ther  
severe version of the clinical course of Group 
111. Referring t o  Figure 4, one also can narrow 
down this patient’s injury pattern to  tha t  of 
Group 111 or IV. Further  clinical and blood 
count data are needed to make a more definite 
distinction between Group I11 and IV. The 
amount of platelet derangement mentioned in 
Figure 4 can be determined by looking a t  the 
appropriate space in Table X. 

I t  should be pointed out tha t  when more 
fwquent  counts a re  performed than the recom- 

DIAGNOSTIC USE OF PROFILE SCORING METHOD 

Lymphocytes Platelets 
-___- 

Integral  - I n t w r a l  Cumulative 

~ 

Range Mean 

0-1 0.23 

0-1 0.08 
0-1 0.23 
0-1 0.15 

__-___ 

0-1 0.15 

0-1 0.08 
0-1 0.15 
0-1 0.15 
0-1 0.15 
0-1 0.15 
0 1 0.08 
0 0 
0 0 
0 0 
0-1 0.08 
0-1 0.08 
0 0 
0-1 0.08 
0-1 0.08 
0 0 

0 0 
0 0 

Range Mean 
~~ 

0-1 0.23 
0-2 0.38 
0-2 0.46 
0-2 0.69 
0-3 0.84 
0-3 0.92 
0-4 1.07 
0-5 1.22 
0-6 1.37 
0-7 1.52 
0-8 1.60 
0-8 1.60 
0-8 1.60 
0-8 1.60 
0-9 1.68 
0-10 1 . 7 G  
0-10 1.76 
0-10 1.84 
0-10 7.92 
0-10 1.92 

0-10 1.112 
0-10 1.92 

Range Mean 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0-2 
0-3 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.23 
0.23 
0 
0 
0 

0 
0 
0 
0 
(J 

0 
0 

Range 

0 
0 
0 
0 
0 
(I 
0 
0 
0 
0 

0-2 
0-5 
0-5 
0-5 
0-5 
0--5 
0-5 
0-5 
0-5 
0-5 
0-5 
0-5 

. __  Men,, 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0.23 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 
0.46 

-- 

In t ez ra l  

Range Mean 

0-4 1.46 
0-2 0.61 
0-3 0.54 
0-4 0.53 
0--1 0.15 
0-2 0.24 
0-1 0.15 
0-1 0.23 
0-1 0.23 
0-2 0.39 
0-4 0.70 
0-5 0.54 
0-2 0.16 
0-2 0.16 
0-6 0.46 
0-5 0.39 
0-1 0.08 
0-1 0.16 
0-1 0.16 
0 0 

0 0 
0 0 

-- 

Total 
.- 

Cumiilative 

Range 

0-6 
0- 6 
0-7 
0-8 
0- 8 
0-8 
0-8 
0 8  
0-8 
0-8 
0-11 
0-16 
0-18 
0-20 
0-26 
0-31 
0-32 
0-33 
0-34 
0-34 
0-34 
0-34 

-__ 
Mean 

1.46 
2.07 
2.61 
3.14 
3.29 
3.53 
3.68 
3.91 
4.14 
4.53 
5.23 
5.77 
5.93 
6.09 
ti.55 
6.94 
7.02 
7.18 
7.34 
7.34 
7.34 
7.31 
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mendatioris call for, the most abnormal one in  
the particular time period is used for  scoring. 

RADIOASSAY PROCEDURES-Although the radio- 
assay tests, such as  determination of Na'' 
activation in urine, blood, and whole body fol- 
lowing neutron exposure, a r e  dosimetry tests 
performed by the health physicist ra ther  than 
clinical laboratory procedures, they a re  men- 
tioned in Table XII, since they require the 
cooperation and judgment of the physician. 

If a t  all possible, the accomplishment of these 
procedures should be facilitated since knowl- 
edge of the physical exposure dose is a most 
valuable supplement to  the clinical injury 
estimate. It may allow for  early identification 
of the  hyperresponsive patient and make clini- 
cal management easier thereby. Details of the 
dosimetry techniques a re  in a recent reportlo 
concerning radiation accident dosimetry. 

SUBSEQUENT DIAGNOSTIC PROCEDURES-when 

TABLE IX-INTEGRAL AND CUMULATIVE RANGE 
_ _ ~  __ 

Leucocyte5 
-~ 

Erythrocytes Neutrophils 
- 

Curnulalive Integral 

1kinr.e M e a n  

0-1 0.25 
0 0 
0 0 
0-2 0.50 
0-2 0.75 

Integral Cumulative Cumulative 

._ 

- 
Integral 

Range Mean __ 
0 0 
0 0 
0 0 
0 0 
0-1 0.13 
0 0 
0 0 
0-1 0.13 
0-1 0.50 
0-1 0.50 

___ 
1L;ance _ _ _  
0-1 
0-1 
0-1 
0-2 
0-3 
0-5 
1-G 
2-7 
2-8 
3-10 
3-13 
4-1 7 
6-20 
8-23 
9-25 
9-27 
9-27 
9-27 
9-27 
9-27 
9-27 
9-27 

Day 

1 
2 
3 
6 
9 
12 
15 
18 
21 
24 
27 
30 
33 
36 
40 
44 
48 
60 
75 
90 
105 
120 

__ 

I_ 

Range Mean Range 
.- 

Mean Rirnce Mean ___ 
0 0 
0 0 
D 0 
0 0 
0-1 0.13 
0-1 0.13 
0-1 0.13 
0-1 0.26 
0-3 0.76 
0-4 1.26 
0-6 1.51 
0-6 1.76 
0-9 2.64 
0-12 3.52 
0-15 4.52 
(1-18 5.65 

0-21 7.03 
0-22 7.66 
0-22 7.91 
0-22 8.04 
0-22 8.04 

0-20 6.40 

0.25 
0.25 
0.25 
0.75 
1.50 
2.50 
3.25 
3.75 
4.63 
5.76 
7.39 
9.64 
12.02 
14.40 
16.28 
17.53 
18.16 
18.29 
18.29 
18.29 
18.29 
18.29 

0- 1 
0 
0 
0 
0-1 
0-1 
0 
0 
0 
0-2 
0-4 
0-4 
0-4 
0-4 
0-3 
0-2 
0-2 
0 
0 
0 
0 
0 

0.25 
0 
0 
0 
0.13 
0.13 
0 
0 
0 
0.38 
1.13 
1.63 
2.13 
2.25 
1.50 
0.75 
0.50 
0 
0 
0 
0 
0 

0-1 
0-1 
0-1 
0-1 
0-1 
0-2 
0-2 
0-2 
0-2 
0-2 
0-6 
0-10 
1-13 
1-16 
1-19 
1-20 
1-20 
1-20 
1-20 
1-20 
1-20 
1-20 

0.25 
0.25 
0.25 
0.25 
0.38 
0.51 
0.51 
0.51 
0.51 
0.89 
2.02 
3.65 
5.78 
8.03 
9.53 
10.28 

10.78 
10.78 
10.78 
10.78 
10.78 

10.78 

0-2 1.00 
0-2 0.75 
0-1 0.50 
0-2 0.88 
0-2 1.13 
0-3 1.63 
1-4 2.25 
1-3 2.38 
1-3 2.38 
1-3 1.88 
0-2 1.25 
0 2 0.63 

0-2 0.25 
0-1 0.25 
0-3 0.88 
0-3 0.88 
0-3 1.00 
0-3 1.13 
0-2 0.75 
0-2 0.63 
0-2 0.63 
0-2 0.25 
0-1 0.13 
0 0 

0- 1 0.13 
0 0 
0 0 
0 0 
0 0 __- ~ -- 

TABLE ~-INTEGRAL AND CUMULATIVE RANGE 

Neutrophils 1,eococytee 
. _ _ _  ___ 

Cumul:itivc Intearal _ _ _ _ _ _ _ _ ~  
I h n ~ c  Meart Ranre Mean 

~~ ~. -__ 
0-1 0.20 0-1 0.20 
1 1 .00 0-2 1.20 
1-3 2.00 2-3 :1.20 
1-3 2.00 3-G 5.20 
0-3 2.00 5-9 7.20 
0-4 2.20 5-13 9.40 
0-3 2.01) 5-1G 11.40 
0-3 2.00 5-19 13.40 
1-3 2.20 6-22 15.60 
2-4 8.00 10-25 18.60 

Integral Cumulative Cumulative Integral 

Ranae Mean _ _ _ ~  
0-2 0.40 
2 2.00 
0-2 0.60 
0-3 0.80 
1-2 1.20 

Range Mean Dny Range Me;m R a n g e  Mran 

0- 1 0.80 
0-1 0.80 
0-2 1.20 
0-3 1.60 
0 -4 2.00 
0-5 2.60 
0-6 3.20 
0-7 3.80 
0-8 4.40 
0-10 5.40 
0-12 F.60 
4-14 8.35 
7-16 10.35 
8-18 12.10 

10-20 13.60 

~ ~~ ~ 

0-2 0.40 
0-4 2.40 
0-6 3.00 
0-9 3.80 
1-10 5.00 
1-10 6.20 
1-11 7.00 

0-1 0.80 
0 0 
0-1 0.40 
0-1 0.40 
0-1 0.40 
0-1 0.60 
0-1 0.60 
0-1 0.60 
0-1 0.60 
0-2 1.00 

1 
2 
3 
6 
9 

12 
15 
18 
21 
24 
27 
3 0 
33 
36 
40 

44 
48 
60 
75 
9 0 
105 
120 

140 

0-4 1.20 
0-2 0.80 
0-3 1.20 
0-3 1.00 
0-4 2.00 
1-4 3.20 
0-4 3.00 
3 4  3.75 
0-4 2.50 
0-4 2.00 
0-3 1.50 
0-2 0.50 
0-2 0.50 
0 0 
0 0 
0 0 
0-1 0.25 

1-12 8.20 
1-13 9.20 
1-17 11.20 
2-20 14.40 
2-21 17.40 
G-25 21.15 
10-29 23.65 
13-33 25.65 
14-3G 27.15 
14-38 27.65 
14-40 28.15 
14-40 28.15 
14-40 28.15 
14-40 28.15 
1441 28.40 

0-2 1.20 
1-2 1.75 
1-3 2.00 

2-4 3.40 13-29 22.00 
3-4 3.75 21-33 25.75 
3-1 3.75 25-37 29.50 
2-4  3.00 28-11 32.50 
0-4 2.25 30.45 34.75 
0-4 200 30-49 36.75 
0-2 1.25 31-52 38.00 
0-3 0.75 31-55 38.75 
0-1 0.25 3-56 39.00 
0-2 1.50 33-58 40.50 
0-2 1.00 35-60 41.50 
0-2 1.00 36-62 42.50 

1-2 1.75 
1-2 1.50 
1-2 1.75 
1-2 1.25 
1-2 1.25 
1 1.00 
0-1 0.50 
0-1 0.50 
0-1 0.25 

12-22 15.35 
15-24 16.60 
16-2G 17.85 
17-27 18.85 
17-28 19.35 
37-29 19.85 
17-30 20.10 

___- 
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the preliminary radiation injury group assign- 
ment of a given patient has  been made, fur ther  
diagnostic tests a r e  designed t o  verify the as- 
signment, to identify complications, and to aid 
in their management. Only a few Type E 
tests have been mentioned in Table XII. These 
are  not intended to exclude others, but  are 
merely the  ones which seemed most useful in 
past cases and the ones for  which early base- 
line values might be desired. 

The few Type c procedures in Table XI1 
a re  those used in some of the  cases reviewed 
which seemed to be related t o  the extent of 
injury. Insufficient frequency of application 
prevent any definite opinion about their value 
a s  yet. Of course, many other procedures may 
also prove to  be applicable to this  type of clini- 
cal problem. 

CLINICAL MANAGEMENT-AS in the case of 
diagnostic procedures, a consideration of the 

AND MEAN OF BLOOD COUNT PROFILE SCORES-GROUP 11 
- ~ ___ ___ __-________ 

Lymphocytes Platelr.1.. Total - 

- 

Inteural Cumulative 
~ 

Mean 
~ 

0 
0 
0 
0 
0 
0.25 
0.38 
1.26 
3.14 
5.64 
8.27 

10.77 
13.27 
15.15 
16.28 
16.53 
1 6.78 
16.91 
1 6.91 
1 G.91 
16.91 
16.91 
_ -  - 

- 

~ 

Mean Ranre 
..___ 

0.88 0 
1.88 0 
2.76 0 
4.64 0 
6.02 0 
7.27 0-1 
8.02 0-1 
8.77 0-2 

10.15 1-4 
11.28 1-4 
11.91 2-4 
13.03 1-4 
13.66 1-4 
14.29 1-3 
14.54 0-3 
14.02 0-2 
15.17 0-2 
15.42 0-1 
15.42 0 
15.92 0 
16.30 0 
16.55 0 

~ 

Ranre 
~ 

0-2 
0-4 
0-G 
0-8 
1-10 
2-1 2 
2-1 5 
2-1 8 
2-21 
2-21 
2-23 
2-25 
2-27 
2-29 
2-31 
2-33 
2-35 
2-3 5 
2-35 
2-3 5 
2-35 
2-3 5 

Mean Mean 
- 

0 
0 
0 
0 
0 
0.25 
0.13 
0.88 
1.88 
2.50 
2.63 
2.50 
2.50 
1.88 
I .13 
0.25 
0.25 
0.1 :i 
0 
0 
0 
0 

Ranae Mean Itanpe Mean l<anre 
- ~~ 

0 
0 
0 
0 
0 
0-1 
0-2 
0-4 
1-6 
2-9 
4-12 
6-1 5 
8-1 8 
9-20 

10-21 
10-21 
10-21 
10-21 
10-21 
10-21 
10-21 
10-21 

.~ -~ 

nanae 

0.88 
1.00 
0.88 
1.88 
1.38 
1.25 
0.75 
0.75 
1.38 
1.13 
0.63 
0.75 
1.00 
0.63 
0.25 
0.38 
0.25 
0.25 
0 
0.50 
0.38 
0.25 

0-2 1.38 
0-2 1.00 
0-2 0.88 
0-4 2.38 
0-5 2.39 
1-4 2.63 
0-4 1.63 
0-5 2.26 
2-7 4.64 
2-9 5.64 
2-13 6.27 
2%l4 7.38 
2-13 8.89 
2-13 8.02 
2-11 5.76 
0-8 3.76 
0-8 2.38 
0-2 1.14 

0-4 0.75 
0-1 0.51 
0-2 0.25 

0-2 0.63 

0-3 1.38 
1-4 2.38 
1-6 3.26 
2-10 5.64 
3-13 8.03 
4-15 10.66 

10-19 12.29 
11-24 14.55 

0-2 
0-2 
0-2 
0-4 
0-3 
0-3 
0-3 
0-3 
0-3 
0-2 

0-2 
0-2 
0-2 
0-2 
0-2 
0-2 
0-2 
0-2 
0 
0 4  

15-24 19.19 
19-38 24.83 
21-51 31.10 
24-47 38.48 
27-60 47.37 
29-89 55.39 
31-78 61.75 
31-106 64.91 
44-110 67.29 
44-86 68.43 
44-112 69.06 
31-112 69.81 
31-112 70.32 
31-112 70.57 

0-1 
0-2 

I .~ 

Integral Intwial  _ _  - 

I h n s c  Mc.iri ___ -- 
0 0 
0 0 
0 0 
0-2 (1 40 
0-2 0 60 
0-2 0 GO 
0-2 1 0 0  
0-2 0.80 
2-3 2.20 
2-4 2.20 
2-4 2.80 
2-3 2 75 
2-3 2.25 
0-2 1.25 
0-2 1.00 

l I , < ” Z <  

0 
0 
0 
0-2 
0 3 
0 4 
0 6  
0 7  
2 10 
z 13 
7-16 

10-19 
12 -21 
13-21 
14  -21 
14-92 
14 23 
14-23 
14-23 
15-24 
15-24 
15 25 

-- - 
Mt.,,:, 

~. ~-~ 

0 
0 
0 
0.40 
1 .oo  
I .60 
2.60 
3.40 
5.60 
7.80 

1 0.GO 
13.35 
15.60 
1 F.85 
17.85 
18.35 
18.85 
19.10 
19.10 
19.G0 
19.60 
10.85 

___-  

~~ 

Ilangc 
- 

1-4 
6 
4-9 
5-9 
5-9 
4-11 
4-9 
2-13 
5-11 
7-1 G 

12-17 
9-17 

10-17 
4-16 
2-16 
1-14 
3 - 9 
2-10 
1-3 
1-6 
1-7 
1-8 

Hanrr Mean narlpe 
0-7 
0-4 
2-8 
G11 
8-7 5 
9-15) 

10-21 
13-22 
14-23 
16-26 
1G-30 
17-32 
21-36 
22-40 
22-44 
22-47 
22-48 
24-51 
25-52 
28-54 
29-58 
30-61 

_ _ _  

~~ - 

0-1 0.20 
3 3.00 
2-4 3.40 
3-4 3.40 
2-4 2.80 
1-4 2.00 
1-3 2.00 
1-4 1.80 
1 4  2.00 

0-4 3.00 
2-4 3.00 

0.20 
3.20 
6.60 

10.00 
12.80 
14.80 
16.80 
18.60 
20.60 
23.60 
26.60 
29.60 
31.85 
33.85 
35.10 
35.85 
37.10 
38.85 
39.35 
41.35 
43.G0 
45.10 

1.60 
6.00 
6.40 
7.00 
7.00 
6.60 
6.40 
6.40 
8.00 

11.20 
13.60 
14.25 
14.00 
10.50 
8.00 
6.50 
4.75 
4.50 
1.75 
4.50 
3.75 
3.25 

10-25 21.00 
15-32 28.00 
20-38 34.60 
24-43 41.00 
27-56 47.40 
32-60 55.40 
52-79 66.F0 
46-96 80.20 
55-113 04.45 
72-130 108.45 
84-146 118.95 

100-176 133.45 
103-185 138.20 
105-195 142.70 
106198 144.45 
112-204 148.95 
115-211 152.70 
L1C-219 1.75 !’5 

93-162 126.95 

~~ 

1--4 3.00 
0-4 2.25 
0-4 2.00 
0-4 1.25 
0-3 0.75 
0-3 1.25 
1-3 1.75 
0-1 0.50 
1-3 2.00 

0-2 0.50 
0-1 0.50 
0-1 0.25 
0 0 
0-1 0.50 

1-4 2.25 
1-3 1.50 

0 0 
0-1 0.25 
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TABLE XI-INTEGRAL A N D  CUMULATIVE RANGE 

- Leuecncytes Neutrophils - Erythrocytes 

Integral Cumulative Integral Cumulalive Integral Cumulative 
______ 

Day Range Mean Ranrre Mean itange Mean Range ?dean Ranlre Mcmn Range Meall 

1 0-1 0.50 
2 0  
3 0  0 0-1 0.50 1-2 1.50 1-4 3.00 0-4 2.00 0-8 
6 0  
9 0  0 0-1 0.50 :<-'I 3.50 6 ~ 1 ' 2  9.50 3-4 3.50 

____ -- _________ .__ 

0-1 0.50 0-1 0.50 0-1 0.50 0-2 1.00 0-2 1.00 

0 0-1 0.50 2-4 3.00 W3 6.00 0-4 2.00 0-12 7.00 

0 0-1 0.50 1 1.00 0-2 1.50 2 2.00 0-4 3.00 
5.00 

3-16 10.50 
12 0 0 1 0.50 4 -1.00 10 13.50 3 3.00 6 13.50 

1 0.50 2 2.00 12 15.50 0 0 6 13.50 15 0 0 
18 I 1.00 2 1.50 
21 I 1.00 3 2.50 'I 4.00 19 22.50 4 4.00 11 18.50 
24 1 1.00 4 3.50 3 3.00 22 25.50 3 3.00 14 21.50 
27 1 1.00 5 4.50 4 4.00 2G 29.50 4 4.00 18 25.50 
30 1 1.00 6 5.50 1 1 .oo 27 30.50 0 0 18 25.50 

INTEGRAL AND CUMULATIVE RANGE AND 

1 2.00 2.00 3.00 3.00 4.00 4.00 

1 3.00 15 18.50 1 1.00 7 14.50 

- - ~ ~_____. ~. -~ ~~~~~ 

__ ~ ~~ ~~ - ________ 

2 0 2.00 3.00 6.00 4.00 8.00 
_. ~ _ _  -~ __ _. __ ~ - 

choice and results of past  methods of therapy 
helps to shape the  present recommendations. 
The types of agents employed in the accidents 
reported herein a re  listed in Table XIII. I t  
will be seen tha t  only in cases which fall into 
Group 11 or above has specific treatment ap- 
peared necessary. In  general, since the  means 
to reverse the basic cellular mechanisms which 
underlie radiation effect a r e  not yet a t  hand, 
the clinical approach has been supportive, with 
specific therapy being reserved for  sympto- 
matic indications. 

As has already been indicated, i t  is desirable 
for  all cases with a probability of significant 
acute injurious radiation overexposure to  be 
hospitalized for  close observation. The accom- 
plishment of the preliminary estimation of clin- 
ical radiation injury as described in the preced- 
ing section on diagnostic procedures should 
indicate within 72 hours those cases falling 
into Group I1 or  above. These should be kept 
hospitalized. The others can be reassured of 
their favorable prognosis and released from in- 
patient care when asymptomatic. 

GROUP I-These patients can be followed as 
outpatients, using the previously suggested 
tests. There is no specific medical contraindi- 
cation to a return t o  work as soon a s  dosimetry, 
clinical symptoms and findings. and laboratory 
data have established the low level of over- 
exposure. Considerations of public opinion, 
medicolegal sequelae, and the like, doubtless 
have played a role in the more conservative 
prescription of a rest period of varying length 
which has been utilized in several cases within 
Group I. It is definitely ~-ecommended tha t  
subsequent work be in a capacity in which 
fur ther  radiation overexposlire is unlikely. 

GROUP 11-Patients in  this group will exhibit 
transient nausea and vomiting which will prob- 
ably not reqnire more than the  administration 
of antiemetic agents, if that. There is no 
definitive therapeutic procedure for  radiation 
epilation other than reassurance concerning i ts  
impermanence in this group. 

Complications of the existing bone marrow 
damage, such as anemia, infection, and evi- 
dences of bleeding, have been mild when 
present a t  all in Group 11. It is therefore con- 
sidered advisable to adopt a conservative atti- 
tude of watchful waiting, with the means for  
vigorous a n d  definitive treatment available if 
and when needed. Thus, blood and perhaps 
platelet transfusions, antibiotics, and the like 
should be ready in reserve. An at tempt  to  
rcduce the likelihood of infections by emphasis 
on personal hygiene and the use of aseptic 
isolation methods may well be warranted. 

The mechanism of the observed weakness and 
faliaue of these patients is n o t  clear, and there- 
fore 110 specific therapy can be recommended 
at this time. Rest is indicated until symptoms 
i l n d  major laboratory abnormalities subside. 
The opportunity f o r  fu ture  occupational radia- 
tion exposure should be minimal. 

GROUP 111-It is the therapeutic management 
of patients in Group I11 tha t  presents the most 
challenging opportunity to alter an  otherwise 
unfavorable prognosis. In  this  group one can 
expect to deal with the major complications of 
serious bone marrow damage, some gastro- 
intestinal injury, and secondary renal and 
ciirdiovascular problems. 

Prompt bed rest, bland diet, good nursing 
care, and a realistic but generally reassuring 
appraisal of the medical situation a re  indicated 
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Integral  _ _ ~ _ _ _ _  Cumulat ive 
____.-. -. 

Integral  

Range Mean Range Mean linnee Mean 
~~ ~ ~ . _ ~ _ _ _ _  ._ 

0--2 1.00 0-2 1 .OO I) 0 
4 4.00 0-6 5.00 0 0 
4 4.00 4-10 9.00 0 0 
4 4.00 8-14 13.00 2 2.00 
3-4 3.50 11-18 lti.50 2-4 3.00 
4 . 4.00 15 20.50 :i 3.00 
4 4.00 19 24.50 3 3.00 
r) 3.00 22 27.50 4 4.00 

3.00 25 30.50 4 4.00 
1 1.00 26 31.50 4 4.00 
4 4.00 30 35.50 3 3.00 
4 4.00 34 39.50 0 0 

MEAN OF BLOOD COUNT PROFILE SCORES-GROUP v 
~~~ ~ ~~ 

21s soon as dosimetry, symptomatology and 
hematological “profile” makw classification in 
Group I11 apparent. 

Antiemetics a re  indicated for  severe and 
prolonged nausea and vomiting in the initial 
phase or later. Intravenous feeding may be 
necessary a s  well, to maintain Auid and caloric 
balance in the early stage or  in the later course 
when gas tr o i n t e s t i n a I niptoms may recur. 
The maintenance of ac -hnse and electrolytc 
balance should be attempted also, with frequent 
serum pH, acid-base, a n ~ l  electrolyte stiidics 
as a guide. 

When increasing evidence of depression of 
bone marrow function ensiies toward the second 
and third weeks af ter  exposure, certain precau- 
tions a re  indicated. To reduce infections, :in ef- 
for t  to minimize bacterial exposure should be at-  
tempted, utilizing isolation and aseptic techni- 
ques in contacts with the p:itienls. Although 
prophylactic antibiotics have been employed in 
many instances, real proof of their value for  
this purpose is  not too clearcnt. There are 
indications tha t  such use may have blunted 
their effectiveness in subsequent infections 
during the course. Recently, it has been sug- 
gested” tha t  penicillin and aiireomycin be used 
orally, s tar t ing a t  five to seven days af ter  ex- 
posure in doses of 100,000 units every four 
hours and 250 mg every six hours respectively. 
Bacteriocidal antibiotics in parenteral form 
should be reserved for  therapeutic use in high 
dosage when infections of 01-ert o r  even occuli 
nature  occur. These may be suggested by 
symptoms, by fever, o r  simply by a sharp rise 
in a previously low sec1iment:ition rate, despitt. 
the absence of any  resultanl leucocytosis. Bac- 
terial sensitivity studies shoultl be performed 

1--5 3.00 1-5 3.00 
r 1-12 10.00 
5 -10 7.50 6-33 17.50 
8-14 11.00 14-36 28.50 

11-lti 13.50 25-52 42.00 

7.00 

8.00 1‘4 
11 .OO !I 
15.00 11 
19.00 15 
23.00 11 
25.U0 1 (i 

6 26.00 _ ~~ ~~~~ 

14.00 39 5ti.00 
9.00 48 (i5.00 

11.00 59 76.00 
15.00 74 91.00 
11.00 85 102.00 
1G.00 101 118.00 

6.00 107 124.00 

and their results used as  a ther;lpeutic w ide ,  
if possible. 

Hemorrhagic phenomena are  diffcult to t rea t  
by an) conventional means. Platelet trans- 
fusions have been tried with some possible 
teniporar) benefit resulting.’“ A4nemia, which 
develop.; insidiously, will respond to  conven- 
tional transfusion therapy. This should be used 
only JL hen a clinically significant fall in red 
cell 1 oliime has  tleveloped. 

Ll new form of therapy may be utilized to 
i reai severe pancytopenia accompanied by dis- 
tinct clinical sequelae, such as uncontrollable in- 
I’ecrion or bleeding, with a clearly grave prog- 

. This is the ~)erforniance of bone marrow 
Ii.~iii.;plantntion using cells from a homologous 
tlonoi-, matching i n  sex, and  in major, and most 
minoi- blood subgiwiips. The time for successful 
1 I e rf( i‘ni an ce of this p ro  c ed lire had p r evi 011 sl y 
I1ee.11 consideied to be limited to a few days 
,if‘tci radiation exposure. NOM,, the yecent, ap- 
~ ) a i ~ i i t l y  helpful, use of such a transplantation 
pi~occdu re in the Yugoslavian accident pa- 
tient.” about a month af ter  exposure suggests 
1h;it the  decisiun concerning its use can await 
the unfolding of the clinical course. This delay 
removes the necessity to base such action on 
the preliminary physical dosimetry and early, 
fragmentary data concerning the extent of 
radiation injury. 

Very little is known as  yet about the utility 
o r  even desirability of bone marrow trans- 
plantation in man. In  the treated Yugoslavian 
patients, a prompt rise to a peak occurred in 
the level of granulocytes, platelets, and reticu- 
locytes before such impro\Tement n7as found in 
;t Ion el- close patient recovering spontaneously. 
.\I.;o. t h e  pattern of platelet response ]vas some- 
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I’ABLE XII-RECOMMENDED DIAGNOSTIC: ~‘ROCEDUKLS FOR 
CLINICAL MANAGEMENT O F  RADIATION I N J U R Y  

Group I-11-EII-IV I 
_ _ _ _ _ ~  - -- 

Procedure Time(d) 1 

T Y P E  A 
His t o  rg 

Symptoms ‘\ onset 
Signs J duratioir 
Pas t  Medical 

Physical Erarni?intiori 
General 
Body weight 
Urinary output 

I A o r n t o r y  Tests 
Hematology 

Hematocrit 
Leukocytes 
Differential Count 
Calculation of 

Total Neut. 
and Lymph. 

Platelets 
Bone Marrow 

Aspiration 

Radioassay 
Blood Na“ 
Whole Body Counting 

T Y P E  R 
Laboratory  Tests 

Heilia tology 
Sedimentation Rate 
Reticulocytes 
Bleeding ‘I ~j~~~~ 
Clotting j 

Biochemistry 

N P N  
Sodium 
Chloride 
Potassium 
pH or Co, 

Routine analysiq 

Occult blood 

Blood 

Urine 

Stool 

~ ~ ~ ~ l t h N ~ ? l l O k J ~ ~ /  

Slit lamp 

TI-I’E C 
I3iocl iemistq 

Serum bilirubin 
Urine BAIBA 

Y 
Y 
Y 

Y 
Y 

Y 

Y 
Y 

Y 

X 
s 

Y 

Y 

s 
S 

s 

X 

Y 
Y 

S 

S 

Y 

S 

x 
Y 

2 3 STT 

Y 

X 

Y 

S 

S 

X 

x 
x 

s 
x 

s 
x 

p m  
p i n  
prn 
prn 
prn 

Y 

X 

Y x 
s Y 

Y 
Y 

Y 9 

Y Y 
Y s 

Y Y 
Y Y 

d30 

Y 
x 

prn 
p m  
pl’n 
prn 
p i n  

x 

S 

I1 I11 IV 
_____ _ _ -  
18-48 STT 4-48 STT 4 

- 

L) S D Y D 
D Y D Y D 

ti21 3 mol dl5-30 3 ]no+ dG 
D s D x D 
I) D D 

D x STT x D 
D Y D x D 
I1 x D S D 

D S D S D 
D S STT x D 

I.4d moR 14d in06 7d 

V 

1 

D 
D 

D 
D 
G hr 

G h r  
G hr 
G h r  

G h r  
G hr 

d l  

Y Y r )  Y 11 s n G h r  
Y Y D Y STT x D Ghr 

STT STT -75d 3d G h r  

(imo ’ 

x 
-30d 

Y 1) 

I> 

prn STT G 111 

prn d l  p rn  
prn pni  d l  

prn d l  prn 
prn d l  p rn  

Y D Y I) G hi. 

d12+ D All 

Gnio Gmo+ 

STT STT -30d D G h r  
D D D D __-  - .___ 

STT Standard Testing Times-G, 9 ,  12, 15, 18, 21, 24, 27 ,  30. 63.  :jG, 40. 4.1, 48, 60, 75, 90, 105, 120 days 

Recommended frequency of timc of performance : 
x -  at times indicated iii colunin heading 
d - -  daily during time indicated in colunin hea(liiig 
nd  __ frequency in days 
-dn __ up  to and including day a t  times indicated in  column heading 
(in+ __ on and after day a t  times indicated i n  column heading 

(i mo., I yr. and an nu all,^. 

tin __ specific day recommended 
11 I_ all time af te r  day specified 
prn __ as indicated by clinical course 
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TABLE XIII-SUMMARY OF THERAPEUTICS EMPLOYED IN GROUPS 11, 111, Iv, AND v 
.____ - 

Group 1V Group V Croup 111 
._____ ~ __ __ Group I1 

OR5 1.6 L A 1  Y2 Y3 Y4 Y5 LA3 Y1 LA11 Therapy  L A 4  R l  R? OR1 OR2 ORB OR4 

Sedation 
Analgesics 
Antiemetics 
Antispasmodics 
Parenteral fluids 
Electrolytes 
Whole blood 
Plasma 
Platelets 
Bone marrow 
Antibiotics 
Vasoconstrictors 
Vitamins 
Hematinics 
Miscellaneous 

.... 

.... 

.... 
X 

x 
x 
.... 

.-.. 
x 
.... 
. . .  
.... 

.... 

. . . . . . . .  

x .  
x .... 

. . . . . .  

. . . . . . .  

. . . . . . . .  

x x  
. . . . . . .  

. . . . . . . .  

........ 
x x  
x x  
x x  
x x  

. . . . . . . .  

. . .  

x 
... 

.... 

... 

... 

.... 

.... 

x 
.... 
.... 
.... 
.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

x .... 

x ... 

x x  
x . . .  

. . . . . . . .  
... 

. . . . .  

.... 

. . . . . . . .  

s 
. . . . . . . .  
. . . . . . .  

. . . . . . . .  

. . . . . . . .  

X Therapy used one o r  more times. 

what different. Furthermore, red cell agglutina- 
tion tests indicated a phase of increase in the 
number of donor cells during the time when 
transfused cells would have been decreasing. 
However, there may be a relative and gradual 
recession of the hemato l~g ic~d  picture subse- 
quently at a time when the late “immune dis- 
ease” which characterizes graf t  rejection in 
lower mammals might be expected. 

It may prove that  the donor marrow served 
as a temporarily functioning bridge over the 
hiatus in the patients’ blood formation process. 
What the over-all value of the transplant pro- 
cedure will be cannot r e t  be \tated. I t  should 
be reserved a s  a desperate measure against 
overwhelming clinical odds f o r  seriously ill pa- 
tients in Group I11 and above until more data 
become available. 

In the more seriously affected patients in 
Group 111, occurrence of ra ther  severe gastro- 
intestinal symptomatology, including partial 
intestinal obstruction, may take place. A bland 
diet in the acute illness phase may be helpful 
in minimizing such tiiflicultiex. 

GROUP IV-The patients in this range have 
run  a course similar to those i n  the upper end 
of Group I11 but  telescoped into a shorter time 
period, and with a fa ta l  outcome. Gastrointesti- 
nal difficulties require the major therapeutic 
effort before hematological disturbances reach 
fu l l  fruition. Vigorous treatment, including 
tubal gastrointestinal decompression, fluid re- 
placement with correction of electrolyte and 
caloric deficits, the use of antiemetics, anti- 
hypotensive agents, antibiotics, and bone mar- 
row transplantation, ;ire advocated in this silu- 
a ti o n . 

Secondary cardiovascular and renal failure 
may fur ther  complicate this grave clinical state. 
Response to  heniodialysir, in one such instance 

x x X 

x x X 

x 

x x x x x x x x  
x x  X 
x x x x  X 

x x x x x x x x  
s x x x x x  X 

x X 

X 

.... . . . . . .  . . . . . . . . . . . . . . .  

. . . . . .  x . . . . . . . . . . . .  x .... 
~~~~ _____~ 

\viis poor. Detailed biological data collection is 
i)articularl?; indicated in these difficult cases if 
preseiit-day therapeutic inadequacy i s  to be 
altered in the future. 

GROUP V-The one case in this group showed 
1 he evidence of the esperimentally anticipated 
ccntr;d nervoiis system injury associated with 
1.ei.y high radiation dose. Palliation of the ac- 
cornpiinying hypotension and gastrointestinal 
symptoms was carriecl out. No specific recom- 
mc~ntlations a re  yet available for  this situat.ion, 
otlier than supportive therapy. 

],ATE SEQUELAE-‘rhe only late sequela Of 
ratliation overexposure in the accident cases 
reliorted herein has been the development of 
biLitera1 cataracts. There is  no known prophy- 

spontaneous regression of the radiation cata- 
rac t  is inadequate, the ordinary surgical pro- 
cetlure for  its removal is satisfactory. 

No other long-term effects can be anticipated 
slircifically in any given case, although the gen- 
cxr:il ~ ta t is t icnl  probability of leukemogenesis, 
carcinogenesis, o r  genetic mutation may be 
slightly enhancetl. There a re  no such findings 
i.r.l)orted in an?; of these cases. 

1. r i ~ ~ h  :. against this occurrence, but  if the usual 

Conclusions 
’I’he general medical findings in the radiation 

accident patients reviewed in this report a re  
noi novel. They correspond with those reported 
in a number of other situations in which hu- 
niiins have been exposed to significant whole- 
1~0tly radiation overexposure. However, these 
paiticular findings stem from the types of acci- 
dents which a re  of special interest to a n  increas- 
ing number of physicians now coming into con- 
tact. Lyith the fast-growing field of nuclear tech- 
nology. For this reason, conclusions drawn 
fi~iin i his series may be especially useful. 
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It is  ra ther  reassuring LO nnd that ,  despite 
the disturbing physical complexity of nuclear 
criticality accidents, the key procedures for  
clinical evaluation of resultant injury a re  such 
familiar ones as a detailed medical history, 
thorough physical examinations, and accurate 
blood counts. The additional support provided 
by improvements in radiation dosimetry and 
modern clinical laboratory procedures is. of 
course, r'ery helpful as  well. 

In the therapy of such patients also, good 
medical management, firmly h s e d  on an un- 
derstanding o f  the pathophysiology of the ncute 
radiation syndrome, does not really differ from 
the treatment of less modern maladies. The tle- 
velopment of bone marrow transplantation as 
a possible specific form of treatment for this 
syndrome does provide, however, a somewhat 
specialized therapeutic procedure. 

Concerning the  relative value of physical dose 
measurements and biological signs of injury a!: 
aids in the care of human radiation overespo- 
sure, the  nature of the exposure incident is 
most important. What is suited to the triage 
of victims of a nuclear warfare  catastrophe is 
not necessarily appropriate for  the industrial 
accident victim. The utilization of precise clini- 
cal observations and frequent laboratory test. 
a s  advocated herein, with calculation of the in- 
ju ry  profile score, may not be feasible under 
other circiimstances. Ho\vever, i t  is consideretl 
to be of particular value, especially when supple- 
mented with good mised radiation dosimetry. 
in medical management of the accidents of 
nuclear technology. 

S urn m a r y 
In order to familiarize the medical profession 

with current concepts about the diagnosis and 
management of a rare  11~11 increasingly fre- 
quent clinical entity, the acut.e radiation syii- 
drome, all pertinent radiation accident cases 
have been reviewed. Circumstiinces ; dosimetry 
clinical signs, symptoms, and course ; laboratory 
findings ; and therapy are considered. On the 
basis o f  these data, recommendations for  diag- 
nosis and treatment a re  made to aid in clinical 
management, to  facilitate the development of 
improved diagnostic procedures, and to increase 
the f u n d  of biomedical data from which stems 
our understanding of human radiation in j  11 ry . 
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