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ABSTKACT

   

Radiation synadcrowes produced by large doses of ionizing radiation

ace divided into three general wroups depending on dose of cadiation and

time after exposure. The CNS syndrome reguires many thousands of rad,

appeacs in minutes to hours, and kills witila hours cto days. The GIS

appears after doses of a tew hundred to 2000 rad. It is charactertzed by

nausea, vomiting, diarrhea, and disturbances of water and electrolyte

metabolism. It nas a high wortaltty in the firse week after exposure.

Survivors will then expertence the HS as a result of marrow aplasia.

   
Vependiag on dose, survival 13 possible with antlbioctic and teansfusion
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therapy. The relattonsntp of graqaulecyte depression to mortality in do.,s

and huian betngs is Lllusteated., The rule of depth duse pattern un

aurtality of radtatlon exposure is described and used as an indication of
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why alr exposure doses sway be misleading. The therapy of cadilation injury

  

 

ts descelded based on antibfotics, transfuston therapy, aad use of
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molecular regulators. The limited role of matched allogenic bone arrow

transplants is discussed.
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INTRODUCTION

From perusal of the older literature and review of the Japanese

experience at Hiroshima and Nagasaki (1), it appeated necessary to consider

some broader aspects of radiation injury in general, such as the syndromes

produced by radiation injury, the influence of depth dose of radiation, the

unresolved question of lethality of radiation in man, the role of dose

rate, and repair of injury during chronic exposure to radiation as in

fallout fields decaying with the -1.2 law. Studies on pure radiation

injury generally involve a single dose of x-ray or gamma rays at different

dose rates, and it is rare to find sufficient data to evaluate the

influence of depth dose patterns within the experimental subject. When one

considers the numbers of animals used, the steepness of the sigmoidal

radiation lethality curve between 10% and 90% mortality, the practice of

studying animals exposed to single dose of radiation, one must consider the

possibility that lethality differences observed may represent chance

variation, not related to any therapy used. In a retrospective literature

evaluation, these are questions that cannot be evaluated definitively. In

respect to therapy, vast human clinical experience on use of antibiotics in

management of trauma and thermal burns in nan aud formanagement of marrow

aplasia produced by agents other than radiation, it can be categorically

stated that antibiotics increase the survival rate of patients with
ee

extensive burns, trauma and individuals with tenporary marrow hypoplasia.
on

ok A crucial problem in radiation injury is whether the bone marrow will

ton _fegenerate before the commensal or invading pathogenic bacteria develop

of ‘tesistance to the antibilotics available, ~

Kkadiation Lethality - The Classical Syndromes Produced by Uniform

Whole-Body Irradietion:

The radiation syndromes produced by exposure to fonizing radiation are

atterns which will be considered later. Three, somewhat arbitrary ana

The Central Nervous System Syndrome

After large deses of several thousand rad, the Central Nervous Systen:

NS) syndrome is produced. Death may occur during exposure in some

-93-
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laboratory animals that is preceded by hyper-excitability, ataxia,

respiratory distress, and intermittent stupor. Doses capable of producing - ‘

this syndrome are uniformly fatal. This syndrome has been observed in a

 

few casualties described by Hubner et al. (2), If an occasional person c

were to survive the CNS syndrome, the individual has yet to experience the >

Gastrointestinal syndrome (GIS). th

laboratory animals that is preceded by hyper-excitability, ataxia, th

respiratory distress, and intermittent stupor. Doses capable of producing Ja;

this syndrome are uniformly fatal. This syndrome has been observed in a hig

few casualties described by Hubner et al. (2). If an occasional person are

were to survive the CNS syndrome, the individual has yet to experience the hav

Castrointestinal syndrome (G1S}), tts

and

The Gastrointestinal Syndrome

The GIS, when produced by doses in excess of 1500 rad, will be fatal q Radi

within 3-9 days in laboratory animals and probably this also applies to

human beings. The range in survival results from species and strain . (1,1

variations. It is named the GIS syndrome because of the marked nausea, Prod

vomiting, diarrhea, and denudation of the small bowel mucosa. The severe’ e@ sury{

and persistent GIS is a uniformly fatal syndrome in most laboratory

animals, It was observed in Japan and described by Oughtersen and Warren

(1), and in some accidents by Hubner et al. (2). In dogs, Conard et al.sg

(3), have prolonged life by intensive administration of intravenous fluids

and plasma. It is of interest that  

  
   
  

  

Nagasaki,

The Hemopoietic Syndrome

The HS is not necessarily fatal. It is a clinical picture that

seen in the lethal range for all mammals including man. The lethali

levels reported represent the LDeg for the sequelae of bone marrow
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anemia from suppression of red cell production and hemorrhage. Detailed

descriptions of this syndrome in man and animals are described (1,2,5-13).

This picture of the three radiation syndromes, which overlap to a

certain extent, is based primarily upon animal experimentation. Human

experienee (1,2,14-20) indicates that man corresponds reasonably closely to

the general mammalian response. There are some differences in respect to

the time of occurrence of signs and symptoms. The experience of the

Japanese at Hiroshima and Nagasaki exposed to gamma’ radiation from a

high-altitude nuclear device in which the fireball did not touch the ground

are described in detail by Oughtersen and Warren (1). Hubner and Fry (2)

have gathered together the total human experience in radiation injury and

“tts Management, with the exception of the Japanese atomic bomb casualties

and the Marshallese fallout casualties.

Radiation Injury in the Japanese at Hiroshima and Nagasaki:

The CNS was not observed by the Japanese at Hiroshima or Nagasaki

_(1,15,24), nor would one have expected it to be observed since doses to

‘produce the syndrome were well within the area of total destruction and no

P survival. The GIS, with deaths in the first week, are well documented

clinically and pathologically as are deaths from the HS (1,15,18). In the

"case of man, the sequential sequence of deaths and depression of blood

“counts is different from that in animals. It takes longer for the HS to

develop ia man. For example, deaths from infection were most prevalent in

  
   
  

 

   
  

 

   

Ypanese as late as the seventh week. This is in contrast to other

mals, where deaths from the acute phase are uncommon later than the
fy).

The correlation of neutrophil c unts with

tality, is shown in Figure 2. The data in Figure 2 are based on dogs

rare illustrated in Figures 3 and 4. In addition, it was shown that

eat leukocyte counts in the Japanese were observed in the fifth to the

week after exposures to the nuclear radiation (20). A comparable

ence in the depression of granulocytes was also seen in the Marshallese

ed to fallout radiation (5).
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Probability of Survival following Exposure to whole-Body kadiation:

  
The probability of survival can be related to symptomatology in maa.

The following analysis is based on the ubservations made on the Japanese i  
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&
divided according to signs and symptoms, into groups having ditferent hh

prognosis. Thus, they may be divided into three groups in which survival er

is, respectively, improbable, possible and probable, This grouping was-a

otiginally made by Cronkite (7). It is apparent that there is no sharp no:

line of demarcation among the groups. EXC

Survival Improbable: If vomiting occurs promptly or within a few of

hours and continues ana is followed in rapid succession by prostration by

diarrhea, anorexia, and fever, the prognosis is grave. Death will pro dyn.

wit

expec

thir

Sutvival Possible: Vomiting may occur, but will he of telative! in ¢

short duration tollowed by a period of well-being. In this period‘ol Plat

well~being, marked changes are taking place in the henopoietic tiss' tine

Hiro,

months. The neutrophil count falls to low levels, the degree aud tite Mars}

time of maximum depression depending upon the dose as illustrated : this

et al. (20). Signs of bacterial infection may develop when the tags ace Sompl

neutrophil count falls below 500/u1l,. Platelet count nay reach, very ae 75,00:

defen:

  

levels after two weeks. Evidence of bleeding tay occur within 2-4-8
tes a are

This group represents a lethal duse range in the classical pharmaco =  
Fen. 3

sense. In the higher exposure groups of this category, the laten
steel Bey?        
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many soldiers had nausea and vomiting, recovered, felt well, returned to

duty to later develop purpura, epilation, oral cutaneous lesions, and then

cied of infection. This is well-docuriented by Gughtersen and Warren (1).

Despite the chaotic conditions that existed in Hiroshima, the data of

Kikuchi and Yakisaka (19) indicates that there was more rapid decrease of

granulocytes in individuals that could be assfguned to the Survival

Improbable and Survival Possible as compared to the Survival Probable

group.

Survival Probable: This group consists of individuals who may or may

not have had transient nausea and vomiting on the day of exposure, In this

group, characterized by the Marshallese (6), there is no further evidence

of effects of exposure except the hematologic changes that can be detected

by serial studies of the blood with particular reference to granulocytes,

lymphocytes and platelets. The lymphocytes may reach low levels early,

within 4€ hours, and show little evidence of recovery for many months after

exposure. The granulucytes may show some depression during the second and

third week. However, considerable variation is encountered. A late fall

_in the granulocytes during the 6th or 7th week after exposure may occur.

. Platelet counts reach the lowest levels at approxmately the 30th day at the

time when maxinum bleeding was observed in the Japanese who were exposed at

i, Hiroshima and Nagasaki. The lowest platelet counts were also seen in the

" Marshallese exposed to fallout radiation around 30 days after exposure. In

B this group individuals with neutrophil counts below 1000/1 may be

completely asymptomatic. Likewise, ihdividuals with platelet counts of

75,000/u1 ox less may show no external signs of bleeding. Lven though the

defenses against infection are lowered by this sublethal dose of radiation,

individuals with these severe degrees of hematologic depression may not

It is generally believed that premature administration

 

Effects of a Single Dose of Gamma Radiation

Analysis of a Possible Human LDc, ,

In the first place, in all reality, the mortality response of tan
>

on Tadiation is not known with any degree of precision. One should think

.the LDsg in the classic pharmacologic sense; that is, the mortality
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response te radiation in the absence of treatment aud other couplicatiog 10% ar

factors. The LDey, will be increased by the use of antibiotics to controt that ¢

infections, by platelet transfusions to control bleeding, and the at com;

hemopofetic molecular regulators now available to stinulate an earlier Stina:

recovery of hematopoiesis. In 1947 hewell (21) surveyea the opinion of noay 4;

tadiologists of the 56% lethal dose of radiation in tan. Their cstinatedl deve ls

varied considerably ana the average was close to 450 rad, the commonly -

stated LDxo.

Nany sources of cata bear on the LDey Value for man and each has : #@UTI bie:

several shortcomings. These sources include radiation mortality data “oneal BNC Tease

large animals, the data from the Japanese exposed at Hiroshima ane ees 2) the

al, (

Retapy

Berman et

  large animals have a low LUcg. It would be logical from this. to argde fat 4 | Santined

wan tay have a low Lisp. In fact, one does not really know how to fae ore taens tus,   
   

  
  

  
  

  
  
  

    

fs extrapolate from animals to man. In principle, at least, one might. ae Bmetec, 1 -
t: } I 3 a pt 5 ee ; . sy

ie that in Hiroshima anu hagasaki where many individuals were exposedy bao mrcuny 1 ig,
Paes fed “ * .f rd would have a rather good idea of the radiation Lbey, for man, This“ Oe we te Lp, f
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the response of animals in general, Figure & illustrates an apbi benef

estiatinghuman Lisge It as believed that the harshallese were’ 3 The re:

a near maximal sublethal dose f ‘radiation. It would appear tha ee TR tin: and

uniform totel becy irradiation would anchor the lower part of |the. . Liots

curve, Certainly, in dugs and swine, if the dose of radiation “xposed

iy increaseg by 100 rad over that receivea by the Marshallese, ve aac ; Bat cet con,

od well into the lethal dose rarge. If one adds 50 rad to the es 7 Bas, wore ex.

ee tag that the Marshallese received, one has a probable low lethaligy Geel,

R
i
t
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g

eh about 5-107, of approximately 225 rad, If one uses the same slog
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as for gugs, the 96% mortality is abeut 500 rad. The midpoint bees eat MB the morz

a . -98~
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: 10% and SO% is approximately 36U rad. Thus, one can make a first ,uess

an that the Lue, for mantis in the vicinity of 360 rad midline in the absence

te een of complicated thermal burns, trauma, or any effective therapy. Tre

the ; estimate is bolstered by the fact that patients given therapeutic tetai

ee boay irfadiation have severe hematopoietic depression occurring at dose

opsmnen © levels of about 200 rad.

 

ir estimates

i Probable Etfects of Therapy
» commen y

:

On clinical grounds, one would think that the cumbLinea use of

antibiotics, fresh whole blcod and platelet transfusions when needeu, woula
each has

increase the survival rate, It has been clearl, shown ty ‘Yailler et al.
(lity gata on

/ ;

(20) that antibiotics iucrease the survival rate of irradiated mice. Furth
wa alc ;

ree et al. (27) obtained no marked benefit from antibiotic ang transfusion

    

 

    

 

   

 

   

  

 

     

 

     
   

therapeutic ; ; ;

therapy in their studies. Subsequent stuuies by Sorenson et al. (2l) and

ano enetey of © .
Perman et al. (29) have clearly shown that one can consistently reduce

ane and Tobertsea., BR
Soi 4 rortality from a near 106% fatal aose to about IL. mortality in dogs by the

combined use uf high dosage of successive antibietics ana whole blood

transtusions supplenentea by platelet-rich plasna when red cells ate tot

w how to
hi needed. This enables one to shift the sigroidal acse murtality curve of

eht t
o atene mi . vos .

uncomplicated whole body radiation injury tu a much steeper one shirting

“the LDgy from approximately 300 rad in the oog to a little cver 400 rac.

The 5% mortality is shifted from reughly ZUG rad te about Sul rag tesulting

in a nearly vertical sigmoid mortality curve. After doses in excess of 50%

_ tad little benefit is observed and wits preater doses nu aninals survive,

“although the survival time is moderately increasea, Thus, one can

“anticipate that antibiotacs, bluco traustueiuns ang platelet transfusions
.

would benefit hunan beings.
Se

Be
ye

The relatiouship of mortality to uepression in the granulocyte count

in do,s and wan further points up the inportant role of infection anc value
§: :
at antibiotics. In Figure 2 is shown the grautlocyte count in agogs thet

bere exposed to gumma radiation from a nucleat bomb and the correlation
Bae

¥
ae
ith percent mottality. The granulucyte curve at the far left is it augs

   
  

  
  
  

 

  
  

  

a
“that were exposed to about 600 rad midline dose. Note that the blood

unts ceclined ana all animals were ceacg by the seveuth day cof eapousure.   

  

&utopsy infection was clearly the wajor cause of death. in the next
ite

Ive the mortality was also 100% witn a slower decline in jgratulocyte

‘ount along with a longer survival time. At autupsy the wajer cause ct

pFeas
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Geuth was ascribed to intection and cumplicated by henerrhage. The next

 

curve shows a slower decline in the granulocyte count with a mortality of

aC%. The animals at autopsy snowed infection and hemorthage as causes of

Geath. ‘The curve showing the least decline in the granulocyte count hag a
e

muttality of 10% with hemorrhage and infection the causes of death.

  

    

  

     

   

   
  

  

   

  

   

 

 

In Figures 3 anc 4, the critical role‘of the ,ranulocyte count in the i

Japanese ag a oeterminant of mortality is illustrated. Figure 3 plots the q ‘

mortality against the blood counts observed in the third, fourth, and fifth

weeks. The lower the white count the higher the sortality. Figure 4 “

fron cortelates the mortality at the end of nine weeks with the lowest white t

"orem 1 count observed, The most clearcut cotrelation of the importance of p:

infection is in the work of Miller et al. (26), shown in Figure &. In thig 2 gr

figure, there is a clearcut correlation of mortality with the fraction of 4 wh

animals having positive blood and splenic bacterial cultures. Subsequent ¥ ex

studies in hussia and the L.S, extena and confirm the rele of infection, of ex,

Liluwanian and Izvekova (30) have studied a whole series of antibiotics andfa

thezr use in the treatment of radiation injury in wice, rats, ane rabbits, *2 (33

a They administered kanamycin, erythromycin, tetracycline, ampicillin, fal

i oxacillin, ana wletetrine, Une antibiotics were administered twice a day “J: exp-

: by mouth for a total of 20-25 days starting 24 hours after irradiation withs : fron

as a lethal dose of gamma rays. A coubination of antibivtics Was nore such

! effective than single antibiotics. The combination of kanalInycin with is ]

. tettacycline o1 erythromycin, or tetracycline with ampicillin was most wx| X-re.

; effective. The antibietic combinations changed a near 100% mortality, ‘te For ,

f more than 50% survival. _ Chernov et al. (31) and Trushina et al. (32) Sige 50% pb
, administered nexamine prior to exposure of dogs and nonkeys followed by. ceome

administration of antibiotics. In the case of dogs, penicillin and exper:

streptomycin were used. The survivals increased from 11% to 69%. : phante

studies on monkeys, a combination of kanamycin, oletettrine, streptomyed 4

and penicillin was used, There was an increase in survival from 20% ta y. SP the

5G% «

The Effects of Geometry of Exposure and kadiation Injury on - : . the

Lepth-Lose Curves and biolugical Lffectiveness ¥ 7 ° the
Bense t 

The inadequacies of using an air douse of radiation for prognosi@RE -

ae 7 gathe ingbe illustrated by showing the influence of exposure peonetry and enet  
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depth-dose curve obtained with a single Cobalt source (34).
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depth-dose and biological effect. Figure 7 shows the influence of exposing

a Masonite phantom to 2000 kVp x ray from @ single direction than when the

exposure is bilateral with half of the dose given to each side (33). The

dose in the phantom was measured by Sievert fonization chambers and is

expressed as percent of the surface dose. In the case of the unilateral

exposure, the dose falls off as it is attenuated by inverse square and

absorption so that the exit dose is about 45% of the entrance dose. Thus

the bone marrow of large animals being exposed would have a progressively

decreased dose as the beam is attenuated, However, with bilateral exposure

there is very uniform deposition of energy throughout the tissue equivalent

phantom. The biological consequences of the different dose pattern are

great. It is of considerable importance to bear these differences in mind

when evaluating therapy of radiation injury and trying to. make an anima}

experimentation as comparable as possible to an assumed real-life human

exposure,

Figure 8 shows a comparison of bilateral exposure to 4 Pi exposure

(33). This situation is important when trying to evaluate the hazards of

fallout irradiation with its wide range in energy and the radiation

exposure approaching 4 Pi source. Since fallout radiativn is delivered

from @ planar source, the usual narrow beam geonetry is not applicable, In

such a diffuse 360 degree field, the decrease of duse with deptin in tissue

is less pronounced than that resulting from a bilateral expsure to an

x-ray beam because fallout from inverse square is ain efrect neutralized.

For the same euergy, the dose at the center of the body is approximately

“50% higher thau would result from a given air dose with narrow beam

geometry. Figure 8 further illustrates the depth-dose curve from an

experimental situation using spherically oriented cobalt-60 sources with a

phantom placed at their center, compared with a conventional bilateral

In the tdeeer

tase, the air dose is usually measured at the point subsequently occupied

the center of the proximal surface of the patient or animal with respect

the source. For the field case, all surfaces are "proximal" in the

individual is the same. It is this air dose which is measured by field

struments; it does not bear the same relationships as the surface dose

the depth dose as air dose measured in a "point source” beam in the

-10)1-

e
r



 

clinic or laboratory. It would appear under these circumstances and in

 

most experimental conditions that the midline dose, rather than dose

measured in air, would be the better cummon parameter in terms of which te

 
predict biologicgl effect. On this assumption, air dose value should be a

s multiplied by approximately 1.5 in order to conpare their effects te Lituse f.

of a given air dose from a “point source” beam peometry delivered Ur.

bilaterally. Furthermore, the geometry of radiation from a fallout field th

is not identical either to the geometry of bilateral point sources or the

 

   

  

          

   

 

  

 

  

spherically distributed sources since the plane source delivers a radiation

largely at a grazing angle. However, the total field situation is better

approximated by solid than by plane peometry.

Figure 9 shows depth-dose curves for different types of radiation to

provide an idea of the difference in absorption of energy throughout a

large animal body thus injury (in the lethal range) to the important target

cell, the hematopoietic stem cell, which determines whether the bone marrow

will regenerate. These depth-dose curves are determined in unit density

material using small Sievert chambers implanted at 6 cm intervals in the

phantoms. The doses are expressed as percent of the entrance air dose,

Curve A represents the depth-dose curve from 250 kVp x ray. This is a

commonly used energy of radiation in animal studies. Note, the surface

dose ts about 40% greater than the entrance air dose and this falls off

very rapidly with depth in the tissue so that approximately in the midline

corresponding to wan {it would be 60% of the entrance to the important

target cell, the hemopoietic stem cell, which determines bone marrow

by a very large factor. The curve B shows a simtlar depth-dose curve for? Fe

2000 kVp x ray. Curve C is the initial bomb gamma radiation and curve p! ‘ T:

| cobalt-60 gamma radiation, It is evident that for the same air dose, “oe Of expr

injury to hematopofetic stem cells scattered throughout the bone marrow of 4mdz

varfe: consicerably and thus would be expected to result in different

lethal dose curves.

-102- 
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The Effect of Different Radiation ‘Depth-Dbose Curves on Mortality in

Mammals

Tullis et al. (35, 36) has studiea this in the laboratory and in the

atomic bomb field tests with swine as the target animals. This is

illustrated in Figure 10, showing the sigmoid dose mortality curves for

unilateral 2000 kVp x ray, bilateral 2000 kVp x ray, and the mortality from

the highly energetic prompt gamma radiation from a fission bomb. The LDso

from unilateral 2000 kVp x ray is 500 rad in air. Bilateral 2000 kVp

resulted in an LUs9 of 400 rad in air. The initial bomb gamma radiation

with LDso was about 230 trad in air. These air doses can be converted to

midline tissue doses based on comparative studies on depth-dose curves to

300, 220, and 184 rad. The differences are explained in part by lack of

homogeneity in distribution of dose. in the case of the unilateral 2000

kVp x ray, tissues distal from the midline received much less than 300 rad

and tissues proximal to the midline received more.

pilateral 2000 kVp x ray,

In the case of

tissues proximal to and distal from the midline

receive a greater absorbed dose. In the case of the prompt gamma

radiation, tissues proximal to the midline receive a greater dose and those

distal a lesser dose, and hence a higher and lower survival of hemopotetic

ster. cells on opposite sides of the midline.

‘ As a result of the effect of energy and peometry ot expusure, measured

radiation doses in air are of relatively little use in predicting

*survival.
we

For practical clinical management, it is the opinion of this

“author that one should be guided by the clinical and hematologic cource av’
a by estimates of radiation doses in air or doses estimated by biological

“dosimetry.

Fallout Kaaiation Exposure of the Marshallese

The energy of a fallout field determines, in addition to the geometry

exposure, the depth-dose pattern. Figure 11 shows the. energy spectrut:

9 4-day old fallout. The original source is the energy of inherent yauma

sSions frou the major components of the 4-day fallout. The solid hlack

Stogram is calculated distribution of energy taking into account Compton

ttering.
 

Thus the energy to which an individual is exposed varies from

rgucld keV with little penetration to a peak at 1600 KEV. The effect of

ea energy distribution in the geometry of exposure on depth-duse curves

e shown in Figure 12. The depth-dose curves of a fallout field and
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gamma cadiation are shown. The doses of radiation to the surface and thie

first few millimeters of the body were substantially higher than the

midline dose of ganma radiation. The curves presented are 4 percent of the

3 cm dose of radiation. In addition, the clinical observations ot the skin

lesions forcefully demonstrated that the dose to the skin varied

considerably between individuals and over the surface of any given

individual because of the spotty nature of the radiation burns to the skin.

Another feature of fallout radiation is its decay. The fallout

arrived about 4-5 hours after detonation. Figure 13 shows che accumulation

of dose as a function of time after detonation. The dose rate decreased

continuously as the fallout material decayed. The major portion of the

dose was received at a higher dose rate. by the time that 90% of the dose

had been received, the dose rate had fallen to less than 40% of initial

value and thus is much different from any aninal exposure condition in the

fr
o

literature. The influence of a dose rate falling by a 1.2 power function  
 

is not known. 4 .

Repair of kadiation Injury q he

This has been constderea in some detail in a report of the MCKP (37), j he

In the NCKP dissertation, it was stated that 150 rad over one week, 200 tad ; na

over one month, or 300 rad over tour months is believed to be sublethal and SZ of

that no medical care would be required, However, 25U rad over one week, a ra.

350 rad over one month, or 500 rad over four months is estimated to be in Bonk

the 5% murtality rane and that some medical care will be required. when =. de;

45G rad is received over one week, 600 rad or more over one month or tot

3
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e
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e
t
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o
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longer, the mortality witnout tnerapy is estimated to be SUZ or more and. a eff,
8

extensive medical care will be required. These are doses of rad is ied ant

nut midiine tissve dose in rad. . z as {up

Whether studies on mice are applicable to man is mot known. ln recent“ aa¢

   

  
  

  

unpublished studies, we have investigafed the influence of varying the “thie ink

interval trom 1-24 hours between 2.5 Gy, 250 kVp x ray to nice,

of 10 Gy. This is shown in Figure 14.

mice survive 30 days. As

  
a

ay o

the mice survive. Figure 15 snows the hematopoietic stem cell (cr) wt
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leg in normal aice and mice receiving a Single dose or LUG, 200, or 3gu raa

 

 

4 and the mice receiving 1000 rad in a single dose or 1Q0UC rad in tour 254

4 rad increments 24 hours apart. All 1000 rad animals dieu by wie Lith gay

tthe | after irradiation and the survivors had a very low CFL-S content of abuur |

> skin per leg. Animals receiving a 25u rad dose at 24 hour intervais hac an

od equal depression of their CFL-S, followed by an exponential reccvery to

~ near normal levels by 30 days after exposure.

> skin. ae Therapy of whole Body Radiation Injury

oe bacterial infection has long been established as tite major cause ot

ulation : death in the irradiated animal in the LDso range. The commensal organisms

eased 74 living primarily in the gastrointestinal tract are the usual organisms that

the a kill the animal that is irradiated in the LDg, range (11, 2b, 38-40). The

‘he dose ve use of antibiotics as an eftective treatment was first shown by Miller et

trial : al. (41) with the administration of streptomycin in mice. In addition,

, in the aN germ-free animals have been studied (42, 43) ana tnese anisals live longer,

unction 2 . dying irom hemorrhage and anemia rather than infection in the absence of

   
  
   

    

  
    

   

 

   

pacteria. The effectiveness otf antibiotics falls oft as one nears the 106u4

jethal dose level since bone marrow regeneration is delayed so long that

bacteria develop resistance to the antibiotics being used before bone

m
e
e

marrow reeeneration ensues. Taketa (44) has intensively studied the roles

of water-electrolytes and antibiotic therapy against the acute intestinal

radiation death in the rat. In these studies it was clearly shown that

aicroorganisms play a prominent role in the genesis of acute intestinal

death in the rat, and this was modified by the use of antibiotics and

latensive administration of water and electrulytes. It is a beneficial

effect not limited to rodents. Dogs have been treated with success with

antibiotics, fluid replacement, and blood transfusion. A dramatic

feprovement in mortality was obtained by Coulter et al. -(45), Hammond (46),

HB and Allen et al. (47). In the latter study, blood transtusions were

combined with success{ve antibiotics. in view of the fact that commensal

Stganisns of the intestine are frequently cultured from the blood of the

{erally irradiated mouse, Webster (48) tested the eftect ot oral neomycin

therapy upon the mortality from whole body x-irradiation of rats. Graded
p
e
n
n
y

aa
ne
na
ye
w
E
r
r
e
n
e
O
t
S
a

cm doses of radiation were used from 700 raa through 2500 rad. Seomycin

vgs Weatment resultea in significant prolunyaticn of the mean survival time of
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al exposufes between Su ang lS5eu rag. After Suu rad

but consistent prolon;,ation of

 

irvradtated atilmals

anc 290. raa there was a small, the mean

survival time. For exposures between 7LU and 1100 rad, the 3U-cay

lethality was consistently lewer tor the neumycin-treated rats. scorenson

et al. (25) anu Perman et al. (29) discussed earlier nave clearly

established an etfective treatment of tatally irraciated du¢gs utilizing

succesSive antibiotics, fluias, platelet trausfusionus, ana whele blood as

needed. Shalnova (49) published an Laz,lish-language review of all of the

work dune in Russia before 1975 on antibiotic therapy in radiation injury.

The essence of the work is: 1) apsly broad-spectrum antibiotics insuring

suppresslon of wicruproliferation.sin, a purposeful alternation of

antibiotic cycles with different preparations; 2) use antibiotics to create  
 

 

   

   

 

  
   

   

bacterial static concentrations of antibiotics, not only in the olund aad

tissues but also in places of natura loccurrence of microbes such as the b.

gastrointestinal tract and respiratory tract; 3) utilize antibiotics as ‘ In

eariv as possible, anc befure infectious foci have developed. 3

Tne Hanagement of whole Boay Radiation Injury with or hithout Combined y the

burns and Wounds . in

As discussed earllec, eftitates of the air-exposure cose are of little” 4 sub-

value for two reasons. First, one needs to know the depth-dose ~ 4 Prox

Gistrivetion and second, the Cuse uestinales are generally inaccurate, 4 poss

Dearing om the hipn side initially and then declining as turther studies 2 z Foon,vo

ang unalySes are wide, “ 4 nhon=-;

ine first step is to determine the severity of the radiation injury of 4 tract

tie basis of sisns and symptoms. Li tnere are no abnorual synptons such as a Comne

nausea, voniting, of diarchea, th: dose of radiation ts in all RE flora

yrobatilityin Che sublethal range. 1 there is severe nuusea, voulting, 2. broag-

and diarrhea as discussed earlier, the individuals will fall tuto the a ‘star
. Be

bevere gastrointestinal synarome. It the early synptomatolory subsides Ant ; 6

there is a feelings of well-being with rapidly developing chanres in the sf t™ Plates,

Hemalaiopgic olcture wit > severuping, lLyuphovpenia, neutropenta, ana this

Lirunhocytlopenia, toe incivitusls would fall intu the henatorotetic if the

, of Wha.following Cuerapeutic tepimen {ts proposed:      e¥nagrome. The

wee,aSPSEF. *wareWier rs 2- ete oS "wre Pe * wena i Sat :
ar! ag ee at a oy

‘ ioe thy a coe . Tea, a i MES StCS what
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ee Ally-wenver transfusion shoula not tx

? ©bone warrow trans;lantation has bwe:,

= Ught sensitize the patient to the

Zz. If exposed to neutrons, s whole body count should be rade to

estimate the amount of radionuclides produced.

3. Medical history, physical examination, and laburatuory studies

including a complete hematologic ew: luation should be done as promptly as

possible. Uy togene tic preparations of direct bune marrow and

phy tohemaglufinin stimulated periphe val blood lymphocytes should be set up

for later analysis of biological cose estimate, AS svun as possible, the

lymphocytes should be obtained whits still available, before lymphopenia

sets in, for hurian lymphocyte (HLA ¢ Ding and storage for later mixedty

leukocyte cultures. The results of the tissue typing will be useful for

matching of granulocyte, platelet t-:

possible bone marrow donor.

4. In the early staves, the {xrst five days, fluid and electrolyte

balance must be monitored closely acc restored by the appropriate

intravenous or oral solution.

3. Reverse isolation techniques to prevent ingress of pathogens to

the irraciation individuals are gene:ally believed to have been effective

in preventing infections in patients unugergotng treativent for leukemia and

subsequent bone marrow transplantation, his would probably be a useful

procedure in the event of a potentlily fatal irradiation acecicent. I1£

possible, the inuiviaual should be av 7 {tted to a mouern

roon with a complete regimen of skin

laminar air-flow

Ster{illzation,

non-absorbable antibiotics for sterilization ot

sterile diet, and

the .astroinutestinal

tract. If this is not feasible, meascres should be initiated to prevent

commensal and pathogenic infections. lRecuction in the vastrointestinal

flora is desirable, and this can be accomplished with oral, non~absorbable

broad-spectrum antibiotics such as nveaycin and antifungal agents such as

aystatin.

. 6.

‘

Platelet transfusions, preferably fresh, shuvid be given when the

platelet count approaches 25,00G and reneated to maintain levels above

this.

fe the patient should become teffactor, to randur donor clatelets, Che u uw %

sf ULa-mactcned platelets frou unrelated SUNGOTS May Decome necessary. A

administered until the posstbilicy

ex¢luded Lecause such transfusions

antirens of a possibie dotuot.
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7. Granulocyte transfusions would be desiratle to prevent intection a

in patients with a sranulocyte count falling below 2OU/ul. Aamittedly, '
ema

these are not practical on any large scale, ad \ —
.4 arr

5. Infection is the zreatest threut to life. The onset ot 4 In>
a ne

signiticant fever greater than 38°C should aruuSe strong suspiciun of og have b
- ane een

infection in the aranulopenic patient. Fever with clinical signs of techni

niques
dBacterial infection, or fever sustained more than 24 hours is an indicattoq ~229 and 3

‘ : » £ra
for initiating systemic antibacterial therapy even tnough cultures are

colony-set,
negative. Since the most likely agent is an organtsm trom nornal bowel

wee ery thropote
flora, initial therapy should include aminoglycoside and carbenicillin with <te::

oS Macrophages
additional antibiotics being adued as indicated by bacterial culture

produce gta
sensitivities that are obtained. If cultures are negative or fever eee

e = accelerates

persists, Ss

or with amphotericin may be considered. After initiation of broad-“spectrum?

 

upon jiPon vive
Production ¢

antibiotic therapy, it should be continued until the granulocyte count
functional é

rises above 500/Ll, fever subsides, and eviagence of infection disappears,ag
. colony-stimy

G9, washed packed red blood cells should be given as indicated to kee.

 

  

  

   
  

   
   

 

    
   
  
  

  

 

  
   

 

  
  

      

&fanuloc
the hemoglobin above 3.5 g. 7es

&Tanuloc
10. All bleod products should be irradiated with 2U0U rad before ytes

(50-55). yy.
infusion into the patient in order to kill lymphocytes that might .

hours prior ;
proliferate and linpair the possibility of a bone marrow transplant.

ag in the mouse
\1, bone marrow transplantation will ouly rarely be indicated 48

hours
irradiation casualty because uncertainty about the magnitude of the befo

tadilation dose, inhomogeneity of the dose, and the requirement that

dose be within the limits of rescue of bone marrow transplantation, -5

eneaehas been sive
approximately 3800-2000 rad. below 800 rad immunity 15 not sufticient et !

oe.by radtation ,
Suppressed ana transplants are rejected. Above roughly 2000 rad theseas a0

oe ne (51-54),
no therapy. From the lymphocy tes collectea promptly, ‘the casualty w.

have beef HLA-typed and donors will have been icentified. A genectthe al

identical twin is the ideal donor. In ome irradiation casualty exPoy

transfusion of bone marrow tror his twin. Although radiation dose

abuve as an indication for bone marrow transplantation,

from the earlier discussion that doses anc the depth-dose curves sea

snown with any degree ot certainty anc the Jjuses used above were ie

experimental conditions where radiation was delivered in a

uniform wnele “ody distribution of absorpec enerpy.
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Hematopoietic Molecular Regulators in the hanagement ot the Lone

Marrow hypoplasia

In the last ten years several molecular regulators of hematopoiesis

have been identified, purified, sequenced, and by recombinant DNA

techniques are” being produced in large amounts, These are interleukin-1

and 3, granulocyte- macrophage colony-stimulating factor, macrophage

colony-stimulating factor, granulocyte colony-stimulating factor, and

erythropoilein. Interleukin-1], a product primarily of activated monocyte or

macrophages, stimulates T-cells, endothelial celis, and fibroblasts to

produce granulocyte-macrophage colony- stimulating factor. The latter

accelerates the production of granulocytes and macrophayes in vitro and

upon in vivo administration produces a granulocytosis with accelerated

ae

ec

production of granulocytes. It also increases the effectiveness of the

funcetiunal granulocytes in phagocytosis and bacterial killing. Granulocyte

colony~stimulating factor accelerates in vitro the procuction of

granulocytes in colonies and in vivo accelerates the production of

granulocytes and improves the phagocytic and bacterial-killing capacities

(50-55). IL-l has been used as a radloprotector. hen administered 20

hours prior to trradiation, IL~] turns a near 100% lethal gose of radiation

in the mouse to near 100% survival. When administered four hours before or

48 hours before, it is ineffective (50). GN-CSF and G-CSF have been

administered to primates and shown to produce a sustainea granulocytosis of

4-5 times the normal level as long as the materials are administered. It

has been given to primates aud mice in which the marrow has been suppressed

by radiation or chemicals and the granulocyte counts are increased

(51-54). Erythropoietin has been shown to be of sajor benefit in

Stimulating the production of red cells in individuals with severe anemia

as a result of renal failure (55). It its assumed that these avents or

combinations will be of potential benetit in tne treatment of individuals

with bone marrow Suppression as a result of whole body trradfation. On the

other hand, it is conceivable that forcing cells into mitosis before DNA is

adequately repaired may fix genetic injury and result in either an early

failure of the mitotic capacity of pluripotent stem cells or an earlier and

These are possibilities that need to be

_ &xplored experimentally.
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