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ABSTRACT

1. Preparing Institutions Baylor Universit’/ College of Medicine, and

Jefferson Daviw Hospital, Houston, Texas

2, Title of Reports A Study of the Effects of Total and Partiasl Body Radlation

on Lron Metabolism and Hematopoleais

Jd. Princtipal Investigators:s Viacent Pu Collins, M.D,, Co T. Tang, N0,

walton D, '.‘tl .Iscl

4, 27 padyes; 23 {1llustrations, March 13, 19%8
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Offlces of The Surgeon General
Dapartment of the Army
Washington 23, D. C.

This report deals with the following aspects of the investigatlion.

Posiastry.

1. Calibration procedure

2. Partial body radlation dosimetry
3. Total body radlation dosimetry
4, Integral dose calculation

5. Osclltomatric technics

Badiglrop Jtudles on Hematooolesls

1. Ia vivo technic for tagging serum iron

2. Studies of hematologic disorders

3. Studies of cancer patients receiving partial body radiastion
4, Studies of cancer patisuts recelving total body radlatloa

Effec: of Irradiated 2lood on Hematopoiwsis

1. Irradiation of blood In extracorpersal circulation

2. Transfusion of plasma of animale previoutly subjescted to extracer~
poreal irradiaticn of blood into normal animals.

3, Transfuslon of irradiated plasma in normai dogs

4, Autotransfusion with irradiated - hole blood in normal dogs

5. Autatransfusion of irradiated whol Jlooed in human cancer patimmt
with microcytic anssia

bkethal Igtal Body Radistion in Dogs
Clinjcal Ohservations on Patienty Receiving Totsl Cody Ridistion

Copiss of this report are flled with the Armed Servicas Technical
Intormation Agency, Document Service Center, Knott Dullding, Dayton
2, Chio, and may be obtainnd from that agency by Quallfiesd investi-
gators working under (vernment Contract.
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2. Title of Reportr A Study of the Effects n® Total and Partfal Body Radiation ST
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3. Contract Numbers ~DA=47=007-MD=428 * -
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This report deals with the following aspects of the investigation. - "i--'*—-;‘“-
1. Posioetry. i -

1. Calibration procedurs Sl

2. Partial body radiation dosimetry <.

3. Total body radiation dosimetry e

4, Integral dose calculation - ——

5. Oscillometric technics . & 8

1.  Raglolron Studies on Hematovolesis O
1. In vivo technic for tagging serum irom S
2 Studies of hewmatologic disorders TR

“tudies of cancer patients receiving partial body radiatioa
tudies of cancer patients receiving total body radiatiom

I11.  Effect of Irradiated Blood on Henatooolssis

1. Irradiation of blovd in extracorporeal circulatiom

2« Transfusion of plasma of animals previously subjected to extrascor-
poreal irradiation of blood into normal enimals,

3. Transfusion of irradiated plasma in normal dogs

&, Autotransfusion with irradiated whole blood in normal dogse

5. Autotransfusion of irradisted whole blood in humen cancer patient
with microcytic anamia

Iv.  Lathal Total Body Badiation ln Dogs
v. Clinizal Oveervations on Patlents Receiving Total Body Radistion

NOTEs Coples of this report are filed with the Armed Services Technical
Information Agency, Document Service Center, Knott Buildirg, Daytom
2, Ohio, snd may be obtained from that agency by qualified investls
gatora warking under Governnent Contracte
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1. Callbration procedurs

4. Partial body radlation doulmatry
3. Total body radistion dosimetry
4, Inteqral dose calculation

5. Oscilloastric technice

Baliziren Studles on Hemjtopoiesis

1. In vivo technic for tigying serum iron

2. Studies of hamatoliogic disorders

3. Studiss of cancer pitisnts recelving partial body radistiom
4, Studies of cancer patlents recelving total body rediatloan

EXfess of Ixzadiated Rlgcd op Hemptorolesis

1. Irradiation of blood in sxtracorporeal circulation

2. Transfusion of plasaa of animals previousiy subjected to extracor
pareal irradiatlon of blood into normal animals,

3. Transfuslon of irradisted plassa in normal dogs

4. Aytovransfusion with irradiated whole blocd 1n nermal dogs

%, iutotranafusion of irradiated whole blood In human cancer patient
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2, Partial body radiation dosimetry
3. Total body radiation dosimetry
4. Integral dose calculatlon
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2, Studies of hsmatologic disorders
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3. Transtusion of irradlated plasms in normal dogs

4, Autotransfusion with lrradiated whole blood in normsl dogs

5. Wtotranafusion of irradisted mhole blood in human cancer patient
with microcytic aneais

Lethal Jotal EBody Radiatlon lo Doas
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1. Preparlry Institutions Baylor Unlversity College of Medicine, and
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2. Partial body radiatlion dosimetry
3. Total body radiation dosimestry
4. Integrsl dose calculatlion
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Eadipiron Styules on Hematupoiesis

1. In vivo tschnic lor tagglng tenm iron
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1. Irradistion of blood In extracorporeal clrculation

2. Transfusion of plasoa of animals previcusly subjected to extracore
poreal irradiation of bloed into normsl snimals.

3. Transfuslon of irradiated plaszs In normal degs

4, Autotransfusion with lrradiated whele bleod in normal dogs

%, Autotrpnsfusion of irradiated whole blood in human Cancer patient

with microcytic aneaia

Leshal Total Body Radiation in Doos
Clinlcal Observations on Patlents Teselving Total Bodv Radistie

Copies of this report are fliled with the Armed Services Technical
Information Agency, Document Service Center, Knott Buliding, Dayton
2, Ohio, snd may be obtalned from that agency by Qualified irvesti-
gators working under Gaverrnment Contract.
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1. Dosfmotyy
1.A. Calibration of the 2 MeV radlation unit (Van de Graaff generator)

uted In this study. |
a. & monitoring lonlraticn chaaber, located in the head of the ’

Van de Graaff gener_a_tor records the outout on 2 cumnulative r-meter shich is

located nn the control panel,

L

b, The crulative r-meter Ip calibrated agalnst & high energy type
621 Victoreen chanber. The output in air as seasured xith the Yictoreen I

chagher at Bl1.7 cm. with 2 10 x 1D ca. f1eld size at this distance is arbi-
trarily called 100 per cent for all dose detemminatioms. ’
t. The cuzmlating r~eeter is checked agalnst the output as measursd
by the lonizaticn chacber at the treating distance of 81,7 cm., for daily
contrel of routine partial body radlation procedures and 1s 1130 checked
before sach total body radiation procedure.
d. The per cent of output is alr at the axis »f rotation is checked

before each tatal body procedure using the rotating t_:halr.

1,B, Calibration of the 220 XV radlation unit {Westinghouse C, P.) used

in previous studies is as followss

2. R model 703 Victoreen mediun energy chasber Is used. The output
measuzed in alr at a distance of 50 cs. and with a 10 x 1D ca. field 1s arbl-
trarily called 100 per cent {for e piven filter and m.a.)

b, The output is checked daily snd the time for a prescribed patisnmt
exposure for partial boay radiation determlaed zccordingly.

c. For total body radiation carried out with this unit, the exposure
is measured with the Victoreen .t 300 cm. at the surface of a phantom. JThis

is exposure In alr plus bar'* scatter,
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" ' Both the H. E. and W, E£. Yictoreen chanbers are checked sgainst o

i radium source standard.

é; ! 2. Partlal body radlation )

g‘:{'":}. The calibration valve for output in air as abave describded for the -_.—- .9
§ - S

respective machines is taken to be one hundred per cent. 7The vialues for
skin, tissue or tumor dose are routinely datermined by use of lsodose curves A

in which a1l values are expresied as a percentage of this standard calibration ——— -

ol

x
°
3

value.

5o
E

Depth dose or absorption studies ar= carried out with either a press—

-

a wood or water phantom using both lonizat! ‘n chamber and flla densitometer
msethods, ® ®

For the ionirzation chamber method, we use seml=remcte contwol ezuipment
which permits multiple or contirucus measurements to be =ade without turning
off the x-ray unit.

For the fllm densitomelzr method, r specially designed presswood phantoa
permits simultaneous exposure of fillas placed at different depths in the
phantom. Also, a specizlly designed densitometer permits rapld scaming of
the expcsad film for qQuanitization,

Partlal body radliation dose is expressed in roentgens cd=llvered in a
stated elapsed time, 3 single value for the amount of radiatlcn at the tumor

site. Such a single value is meaningful only for purposes of prescription

and cemparison if known conventions are being followed. Our records include
dimansions and dose distribution dlagrams for re—evaluation at a later date, '_--—' - j.-".' '
€.0., 10 translate roentgens to rads or to integral dose.

3, Total body radistiom

The geometry 1s dictated by the dimensinns of the treat=ent rocs and the T -'.:,.--
cutput of the machine, The treating distance must be great enough that the .
entire patlent 13 included in the diverging beam. It must be short enough L

. B \




-3~

that the outsnt and the time necessary to coeplete the treatment s pra:tfcal
and considezate of the patient,

A. Witk satlent stationary in the beam of radlation,

When fo%al body radlation is carried out with the 220 XV unit, the
saximm targei-patient distance 4s 300 cm, With 1 am, Cu. and 1| ome A} added
filtration, the Hvi, in tissue is 31.6 oms (Fig. 1), The output is 2.3 ¢
par ainute,

™he patien:.h customarily treated while lying on his side on a stretcher
faclng either to or away from th: x-riay machine. If only a single dose of
radiation is planned, half the exposure will be nade to the anterior aspect
of the body &nd half to the posterlor aspect. IF multiple small doses of
radiation protracted over a perlod of time are planned, thea the patient may
be treated anteriorly and posterlorly on successive treatment visits.

For 2 million volt radiation, 111 or weak fatients may be treated in a
stationary positieon, lying on a stretcher as above described. Treatment will
be carried out at 400 cm. distance where the cross section of the beam has
2 maximoum dlaz<sisn of 120 ¢cm. The output at thls treatment distance is
4,35 v neasured in alr.

For both 220 KV radlatlon and 2 MeV radlation, when ths patient 1s
treated In the stationary position, the dose is recorded as the dose at the
surfsce of the patlsnt plus backscatler. Dose is recorded In this manner
bacasse initlal measurements are sade in this fashlon with » phantom and dose
can be checked cduring treatzent with an lonization ¢chasber in place on the
ocatients skin,

B, Total bedy radiation with the patient rotating in the beam of radistion.

This procedure Is carried out only with the 2 MeV xerpy generator, The
patient ls sested on & 1ight rotating chalr with the axls of rotation 4 reters

from the tube target of the a-ray machine, The rate of rota’len 1a one revo-

lution per mimute,
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Fou this procedure, dose i3 recorded In roentgens, measured in air, at
the ax{s of rotation, The chief justification for this {s that the peasure=
ment can be duplicated and the exposure can be simllar for different patients.
The data fs avaliable for s more meaningful expression of dose to prtient

when agreement 1s reached on this aspect,

4, Integral dose
A number of published and unpublishsd methoas have been evolved [ar
sstimating integral dose in radiation therapy. The data mre usually preseated
in graph form a¢ a plot of gram-roentgens / roentgens measured in air / square
cent‘meter of body presenting, against the thickness of the part of body
being irradlstsd. Such graphs are prepared for a given quallty of radiation
and are valld untar restricted conditlons. The approximations involved arw
plaunible for large flslds and large target-to-patient distance as cbtaln mith
total body patients. Such a curve for 2 MeV quallty x-rays 13 included (Fig. 2}.
Dlrect calculation of integral dose for total body radistion would
require an impractical number of measurements and assumptions, The sclutica
we have derlved is based on the approximation that body weight averages one
graz par cublc centimeter, Particularly for rotation therapy, thickness of
patient can be sxpressed as an average value.
Then, - hxtxt=V or t=¥vh
Where, - t = thickness

h = height

L)

volume or weight in grems

ht = area of bedy surface presenting toward the x-ray source,

This is the area 1n squars centimeters. This nunder sultiplied by

N {(gram=roentgens / roentjen of exposure in alr) is the

ordinate in the sraph In Fig, 3.
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The Integral dosa 14 = h x t x N x E gram~roentgen / raentgen aly
dose at axls of rotation for the 2 MeV uaits
Hare E Is a fector which corrects for the fall-olf of beam intensity
toward the eadges and compensates for loss of energy scattered froa the
patient.
The total integral dose (1)
Iy 2hxtxNxExRoga rs
R = the m;!:;cr of roentgens glven to alr or surface as dictated
by the conditlons for which the graph was comgrted,
Tha procedures for Integral dosa then, sres
1) ™he gt / £/ ca? vus. t graph 1s constructed by use of the expression -
1=3.44Dxaxd} (3 +n x d}/F « 000)
Mere, = D=1 roentgen
=1 cad
d} s found experimentally
R and F are known
1 is suemed up from O thickness to t.
D Ig=hxtxNxExh g ra
) IgxhztxNzExR xQ rads = Q varies with quality of radiation beam.
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In six subjacts in whom the {wwivo and the in vitro tagging techniques
have been carried out on the sane day, we have demonsirated to our own satis- ::'-_-:.-' --'::_.'_
faction that the plasaa iron disappesrance curves are identical in slope and f. e
the dilution voluses agree within T %, Ihese results are sumarized 1a _':::f;:_'._-;:;-_f.'_-‘:
Table 1. \ -
Using the slsplified in vive tagging technique, normal subjects ware ._‘__
studisd 1n the following marner. o .
a) Two studlies were carried out at 2evaral weeks or months interval la
16 subjects, Tha variation of the rate of plasna iron disappearance was
.sund to be within T 30X. One exaxple 13 shown in Fig, 4. ® - P

b} Thres conszcutive mesasurements of plasma iron disappesrance rate in
12 hours were c2rried out in & subjects. The varlation iz within 5 3. One
example 13 shown in Flg. S. :
2. Studles of hemotologic disorders. e _. )
Saveral hundysd studles have been carried out In pastients with various
hematologlec dlsorders. Sevaral cases of specisl interest cerit presantation,
Case 1. 5. 5. WF Age M H3204-P

Historys This patient was found to have pernicious anemia while she was
being treated for obstructive jaundice in hosplital. Radloiron turnover studies

were preformed before specific therapy was instiuted, during vitaain By therapy

when the patisnt was making a satisfactory recovery, end after coaplats resission -_l _ -’-
was obtained. The pertinent data from these studies are suwmarized in Table 2, :-":-:'_:- e
Comments The purpose in presenting this case 1s only to illustrate the -‘_j.:;.'_:'-':::.‘z
sensitive and precise relation between iyon metabollsm and diseass that can be S
demonstrated by radloiron studies. Radloiron studies weamire wwo ratess the s

rate of plasma Iron disappraring from the plasma iren pool and the rate of ine

torporation of lron in the red cells. The first is an indirect and the second - - o ':'_—{-
o 9

—_—

| '] .
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& direct measure of the functional status of bone marrow erythropolesis,
Ordinarily thess two rates ars parallel. Thus, they are both incraased im
ancofss due to iron deflieiency or blood losr and in polycythemla, On the
other hand, they ars both decreased in anemlas dus to bone marrow hypoplasla
of whatever etlology.

In pernicious sneala, as In the cice presenied hore, the rate of disap~
prarance 13 increased while the rate of incorporation 1s decreased. This
peradaxical dissoclation is a reflection of the basic pathophvsiology of
pernicious aneala, nazely maturation arrest and inability to Incorporate lrem
in the final steps of erythropeiesis.

The remarksble speedy hematologlic recovery fallowing witamin By» therapy
is acco=panied by the devalopwent of a rather marked degres of hypoferreaia,

As the maturaticn process iz returning to nor=al, the utilization or incorporatioa

of iron 1s greatly speeded up. This lowers the sterum iron concentration which
in turn further stimulates the rate of sermum iron disappsarance.

Fhen the patient has achieved complete remission with the addition of
iron therapy, normaley of ervthrepelietic functlon 1s reflected by the results
of the third study.

From the physialogic point of view, these studies with radiciron have
providad infermation accurately protraying the pathologle distrubances ia
pernisicus antmia and the physiclogle adjustment in response to vitanin B3
and iron therapy.

Case 2. D. 5. MNexican™ fhge 13 9229

This patient was adaitted to the hospital with o diagnosis of congenital
heart disease invalving tricuspid valve and a probable right left shunt, He
had Intense cyanosis since birth and chronic congestive fajilure on and off

for several years. llematologic studies revealed a marked degrer of secondary
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pelycythemia. Radloliron study showed markedly increased rate of disappearsnce,
a rap.4 Incorporation »f serum lron and a lower plasaa {ron concentration,

corslistent with polycythsala, These dats are susmarized in Table 2 and Figures

‘ and 7.
Case 3. M, B. 'ﬂ AQ. 28 HCH-1166
Historys This patlsnt was aduitted to the polic ward as a case of pagte

pollc hypoventilation syndroms. One year previously he had had acuts anterior
poliomyelitis with msuscular paralysis invaolving the disphrsgm ard below. Hs
recovered wificlently to becoms arbulatory afier 3 sonths hespitalization and
want to Mexlicoe Clty to live with his sister. As he incresased his physical
activities there, he soon daveloped marked cardilac and respiratory symptoms with
the findings of severs secondary polycythemia, After 3 weeks treatment, his
sysptoms gradually subsided, sven though the hematologic evidence of polycy-
themia was unchanged. These are shown in Tablae 3, The radioiron study performed
at thiz time, 3 wesks after adeission to the hospital, seemed at odds with the
peripheral blood picture. There was a normal disappearance half time and s
markedly decreasad rate of reo ¢ell uptake. Thess data are shom in Flgures
6 and 7T,

The patlent contimued to improve. Hls vital capacity increased to 25600 ce.
and his polycythemla subsided coapletely in the course of & wesks of observation
following the inltial studles. These data are alse shown in Table 3,
Comments Thess two cases of secondary polycythemia are presented together
to demonstrate the ussfulness of radiolron turnover studiss in detecting ths
distinguishing eignificant variations In iron mstabolirm in hematopoiesis. The
degree of erytheula in thess patients as revealed by the red cell counts and

hemoglobin levels is gquite similar. Radleiron studies In the boy with cyanotic
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congenital heart dissase are In order but the {indings in the seécond patient
seem quits incompatible with the degres of erythremia which was present.
However, the patlent had been at rest, at the sea level altitude of Houstem,
and in & respizator for 3 weeks. The stimulus of anoxis and tha demand for
increacad hematopoienis had been withdram. The nersal Jdisappearance helf
tine snd ‘he sluggish :w tell uptake of derum iron Ind{cate relative {nactivity
of the bone parros, sven though it was six weeks before the hematologic abe
norsalities finally returnsd to normal levels. From 0 pregnosiic point of
view, the tracer iren study anticipated the eventuil recovery six weeks

prior ta recovery.

Thess case studles ire presented here to show the remarkable sansitivity

of the radic={ron study In detacting functfani! changec of srythropoissis which
genersily ontedate changes in the mmbars of red cells or the concentration »f

hemoglobin by seversl wesks 23 measured by the more conventional methods of
study.

3. Studies of cancer patlents receiving partial body radiation.

The effects of [imited=flsld roentgen therapy on the plasma iron disap-
pesrance rate has been studied in many of our cancer pstients traated at the
Juffevson Davis Rospital. In thess studies, the plasas iron disappearmmce
rate of individual patients was determined before the comencensnt cof radiotherapy \
and repeated after the conpletion of the prascribed trestment, The results eof
thest two studiss are compared, the pre~treatment data serving as the nomm in
sach individual came,

The dats from 38 patients sre sunmarized in Fig, 2. The sffect of
radlation on plasma \ren disappearance half time is expressed as per cont of
the nerm, aor the pgre-treatment dissppearance half tise, This is plotisd against

the ahsorbed dose of radiation {n maegagram-vroentgeni, A contiscent correlatiom
is not found,
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4, Studies of cancer patienta receiving total bedy radiation.

Two groups of patients recsiving whols body zadistion have besn studies.

1} In the first group of pctients, the plasma iron disappearante rate or
Rell! time was detimmined bztfcrs whole body radlation was given and repeated
on saveral successive days. Tho post-radlation changes are expressed as
par cint of the pre=treatment half time, This group consisted of 17 patints
recoiving 200r in 1 treatment, 2 patients receiving 2 treatments of 200r at
3 and 3 wesk Intervals, | patient recelving 200r snd 1005 with 5 weeks Iinterval,
2 patisnts receliving 5 treatments of 30r, 1 patient receiving 10 treatmants
of %57, and J patients receiving 100, 125, and 150r respectively. The results
are shown lo figure 9,

It 1s apparent that in all except one patlent thers was 8 slowing of the
rate of plamms iron clearance. The sffect appesrs to be miximal between 48
and T2 hours sfter the sxposturs and is followed by 3 rveturn 4o normal in abast
ond weak.

In this study 1t wes not practicadle to weasure the spaturstion tlue or
the rate of red call uptake, bacause of the consecutive adainistration of
3 or 4 tracer doses within 3 to 7 days.

Normally e major portion of plasms iron leaving the plasma pool goss te
the bone marrow, and the rate of clearance is for the most part governed by the
functional requirssent of erythropoiesis. However, the plasas iron pool is alse
1a squilidbriue with the storsge depots, and plasas iron may be shumted to the
liver or tplaen at incressed rates under certaln conditions, such as infectie
diseases. Further, as showm in the case of pernicious ansmia pressntsd sbove,
the disappesrsace of plasma iron, while suggestive of bone marrow depression,
is thersfore not conclusive evidence unless corroborated by parallel changes in
red cell uptake,.
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2) In the satond group of five patients the effsct of whols body radiation
upon the uptake of tracer iron by red cells was ‘nvestijated. These patlents
received 100r at one session. Becauss of the transient depression occurring
between 2 =~ 3 days after radlation denonstrated In the first series of experi~
ments, the radlciron study was carried cut around this time. The red cell uptake
was repeatedly dctc;tnud in .« period of two waeks follewing adainistration of
the sracar. The results are shown ia Fig. 10, The 2atal uptake was not afe-
fected. The maturation time was likswise within nosrmal )lmits,

Cowaaents Several possible explanations may be offered for these negative
results,

1. ¥ith the ssount of radiation {100r} given to thess patients, there
may have been no effact on lron metabolism or erythropoiesis,

2. The sffsct of radiation may not have developed during the perlod of
observation = 2 weeks posteradiation. The short term cbservation was cholmm
1n #n attempt to detect iF there was any functlional daormality in an early
phase bafore the development of recognirable anesia. For tatal body radlatiea
of the order of 100r, no early eftect is apparent in utilizatlen of irea in
red cell manufacturs.

3. Factors other than dote and timing may influence or obécure the effects
of whols body radiation on iron turnover pstterns for pitients with advanced
malignant dlssases and various complications. Many of these patisnts have
varying degrees of aalrutrition, aneala, or insufficiencies In hepatlc, renal,
or cardiac functions which may be subclinical and difffcult to evaluate. Thely
total inflrence on srythropolesis {[or any other body Functlion) may b apprecishle

but seldom quantitatively measure:ble in a controlled manner,
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111, E0fgct of Tryadiated Blood on Hematopoiesis

le Irzadlation of blood in sxtra—corporesl circulation,

This procedurs was deicribed In the report subnitted for the period N

nding Septsaber 1, 1937, ' H
In ths course of studying the effects on circulation in the dog, of T .
heart-lung preparation, sdvantage was taken of tha opportunity to irrsdiate
intensivaly the blocd of the animal as it was circulated gutslds the body, '.' T e
In 10 animals sa studlied the whits Blood cell count showsd an initial depression
dyring the firat 2 hours, followsd by recovery and slevation beyond norsal
for some weaks, This prolonged slavation was not sesn in sninals subjected
to traums -f the extra—corporeal circulation without irradiation. ) —.
2. Traastusion of plasms of 5 dogs previcusly subjectsd to extra-corporesl
irradiation of bloed into normsl dogs, R
Five dogs ware subjected to irradistleon of dlood in sxtrs~corporsmal IS
circulatisn. Blood was withdram by cardisc puncturs Into glass transfusion
bottles contalning 120 ¢c. of A.C.D. anticocagulant and stored in refrigeration
until ured. The ~lasas was separsted by centrifuging and withdrawing by vecuum
inta 250 z¢e plamss transfusion bottles, This plassa was the glven intree L_._._!___
vensusly lntos % normal dogs and observations sade on white blood c8ll count, . )
red blood cell count and hemoglobin over a period of 130 days. L
The white blood call count showsd an imaediate depressien [Flg. 1)) g D -
followed by a rather erratic rise beyond pra-treatnent levels. A longer period o
ot abssrvation defore transfusion sight indicate whether the obaserved !Iu..tuntienr:: SR
were significant but the flrst lapresiion s that no clear effect on white blood .
cell count rwsulted frox trinsfusion with plasma of dogs who received extra~ ] N

corporesl bleod irradlattion.
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The responss of red blood cell saunt {Flg. 12} and henoglebin (Fig. 13) , :'. 5 :'-“.:'-'f'
showed & change that was sufficlently censistent, marked and prolonged to . ?_. 'f-‘-',‘-- -,
werit close study., ALl dogs showsd an elevation of red blood cell count of : ‘._ - -@
30 to 100 per cert, and of hemoglohin af 1% to 30 par cant sbove pre=treatment - :,':-'_;'.:'::.'-7; .

1wvels parsisting for a period in excess of 3 months,.

When these dogs had been under chservation for 24 to 69 days after

@ ]
recelving the transfuaicn of plassa, zadlolron turrover studies were dcne. :
Two contrel dogs Disappearance half tise Incorporated ints REC
8 dayas i4 days
) ] 39 min. b
. . S
| 4] ain. ST e
#ive doge receiving plasss . c ot
from extracorporeally o -
irradiated doge. o o
#1 24 days after Rz 92 min. T2.4% 4.8 & 8
n ©«° =+ = 57 min. 4. 8. ’ :
N " . = 70 mine Bo, 5% 81.%
4 & " . - 27 ain. 91-“ “-‘
n " e = 50 ain, g5.4% 93.%

The prolongsd dissppearance half time in assoclation with a persistmnt
elevation of red blood cell count and hemoglebin resesbles the picture an—
countered in patients recovering from » secondary polycythemla.

3, Transfusion with irradiated plasma fn noreal doge.

For reasons of convenience, observatlons were sade to determine whether {

simple withdrawsl of blood, irradiation of the withdrawn blood and transfusice ANt
»
into a second dog of the separated plasas would produce a similar slevatios

of red blood count and hemoglobin valuas,
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The steps in the procedure wersm

1) Cardiac sxsanguinatiem

2) Irradistion of the withdrawn blood to 10,000r

1) Separstion of plasaa after 24 hours

4) Transfer of irradlated plasma %o & second normal d0g9.

Ths tesults of this procedure in 3 dogs is shown in figures 14, 15 and

16. The red cells and hemoaglobin valuss again show consistent slevations

persisting for over 3 montha,

4, Autotransfusion with lrradiated whole blood 1n normal dogse

The procedure here was as followss

1) Arterisl blood withdrmm by cannula from Femorsl artery

2) lamediate irradiation of withdrawn blood to 15,000r (20 minutes irrsdiation)

3) Autotransfusion bagun within one hour of initial withdrawal of bloods
One of these snimals (#9) lost 200 cc. of blood when the arterial cannula
was dlsledged and mutotransfusion was carried out with 320 cc. of irradisted
blood. There was an Initlal fall of red blood cell count within the first
24 hours, followed by a rlse {13 adove pre=trsatment level) at 3 days, with
a gradusl return to normal at 3 weeks., The initisl fall in hemoglobin at 26
hours was followed by & rise to =X above pre=treatment level at 48 hours, with
s gradual return to normal at 5 weeks. The sscond dog (N1O) showed s marked
elevation of red blood cell count and a persistent slight elevatlion of hemoglobin

above pre-~treatment levels. These data are shown in figures 17, 18, and 19,

%. Autotransfuslion with lrradlated whale bleod in human cancer patlent

with sicrecytic snemia.

CI'IQ L B- !. Cf“ M. n m-JJﬁ’

Historys This patlsnt first came to the hospital in 1956 complaining of
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wwalling of his abdoman. He was found to have 3 filling defect on the grester
curvature of the stomach, presumed to be ¢ necplasx, Peritoneal f1aid showed
probably malignart cells and 2 mass could be Telt through the abdominal wall.

Radiation therapys

Octcber 2, 19%6 - 100 me. radlogeld instillad in peritoneal cavity.

February 28, 1957 = 100r total body radtation {rotation trohnic, 2 Me¥
Van de Graaff). —

July 37, 1957 = 148 mc. radiogold instilled in peritoneal cavity.

Jaynary 30, 1938 = 500 ¢c. of patient’s bhlaod was withdrawn under sterile
conditionsg tt.. blood was irradiated by the Van de Graaff machine to a level
of %,000r {measured at surface of the blood in the contalner), Ths Sleod was
then re=transfused to the patient.

Clinical courser Following the first instillation of radicgold in the
peritonsal cavity, the patient did not require paracentesis for five months.
After recelving 100 %otal body radiation, there were no untoward symptoms,
the hospital course was uneventful and he was discharged 3 days after treatment.
The pre=treatment level of u.hl.t.a blead count ranged from 5,000 to 7,000 per
cubic millivetery after total body radiation it was 3,000 to 5,000, Fluid
gradually re-accumulated and the patlen“. required further pairscantssis. The
sezond sdainistration of radlogold had much less effect in accumulation of
ascitic fludd than the first instillation. In September 1937, the patient was
admitted to hospital and an exploratory laparotomy was done. Blepsy of peritoneal
seedings showed mucinous carcinoma, probable aite of origin in colon. Followlng

this, thers was again slow accumulation of ascitie fluid but he did not require

parascentasis.
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In the aix months prior ts the sutotransfusion, his hemoglobin had not
besn 1secorded asbove 9.9 sms. per cent and was 7,7 cus. per ¢ent at the time of
transfusion. After transfusion, his hemoglobin rore to 10 gms. per cent in
12 days and his shite blood cell count ross to the genral lavel batwesn
3,000 and 7,000 per cubic millimeter. His red count varied betwesn the pre=
treataent levels of 3,560,000 to 4,200,000 during the two weeks following
transfusion. By tha time ons month had elapsed, the hewoglobin had fallen
bazk to 9.3 gns. per cent and the white blood count had again fallen to the
previous level of 3,000 to 3,000 pur cubic millimeter (Fig. 20).

Cooments The prompt riss of J gms., per cent of hemoglobin, and of the
white bleood count ts original levels for the first time in over a year, merits
further study, This say wel)l be & non-specific resction asaociated with suto-
transfusisn procedure or it may be a responss to an altered plasma fractiom
as & result of frradiation, Thers is need to coapare the sffect of unirradiated
autotransfusion. I1f further autetransfusions %2 M=sn subjects sustain the
intersst in this sffect, plasma alectrophoresis or asssy of the varlous plasma

fractions can help te isolate the responsible factor,
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Iv. Leshal Total Dody Radistion in Dogss

Purposer To 21nd a uniformly lethal dose of irradiation in dogs which
could be relled upon to destroy completely the bons marrow for the subseguent
purpose of giving heterologous bone marrow transplants,

Matsrislat Dogs ware sslected in the weight range of 8 to 14 kilograms,
Bone marrow and peripheral blood specimens were ubtained befors irradiation
and the dog was then given total body radiation on & rotating platforwm with
the 2 Ma¥ Van de Grasff. The dogs were then subjected to bone merrov and
peripberal bleod tests immediately following radiation and at 24 hour intervals
for the resainder of life.

Dosages The first group of 3 dogs were given 1507, 450r and 6007
respactively {2 Me¥ irradlation, inherant filtration, 6.8 am Pb., treatment
distance 3 metars, Hvl. 2D cm. tissue). At tan days all were aliive and only
the one with &00r showed evidence of the Llrradiation, This was sanifest by
8 gross Bleeding tendency mound the guns and tongue and 3 fallure to heal
with slough of sa ares of hematoma on the left hind leg at the site of the
vena puncture, This dog was sacrificed on the eighth day and 3til] showed
active bons marrow, The ather two dogs remained well. The one recsiving 150r
was discarded. The dog with 450r was sacrificed on the 9th day and the spleen
and adrenal glands ware sent for ssctions as yet unreperted.

The second group of three dogs were all gliven 1,000z, One of these died

during anestlesla. The other two dled within 3=4 days of intercurrent infection.

The bone marrow and paripheral blood counts on these dogs showed only miney
daviation dowrward withia the pericd of thair lives, At death thers ware stil}
many forss of spparently viable cells {n bone marrom. It was felt, however,

that the doss of },000r was too high.
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The ssventh dog recelived BOCT In the same manner with factors as followss
2 MoV radistion, intesent filtration 6.8 mm. Pb,, trestment dlatance 2 peters,
Hvls 20 cm. tisvuss, cellvery rate 17r per 100 meteresd. This dog lived 9 days,
Bone marrow findings cin be summarited as followss
1. Almost irmediste dissppearance of all lyophoid slements within two days

of total body radiastisa.

2. Gradual diainution In the gramilocytic elements and erythroid elsaents to
the time of death,

3. Evidence of remasining actlve blood forming cells at the time of dsath.

Comrents Death of 311 the animals sessed to be 2 toabination of hessrthage
and infection, Thesa animals wers not given antiblotlics during the coursa
of the study %0 as .t to preclude any clouding of the results,

Although there wars actlve dlood forming cells found at death, thesa
may well be non=viable ones soon to dle. With the bleeding and infection,
death may have occurTed befors actual aplasia of the marrow. In further
obsarvations on lethal dosss of total body radlation, an attex>t will be
mada to sustaln the z1laal by antiblotics and sypportive trsataent 50 that
maximm depression of bone mirrow can be ohserved.

There was one further dog irradiated with BOOr (rotation method, 2 MeV
radlation, ilnherent filtration &.8 sm. Pb., treatment distance 2 meters, Hvl,
20 cm. ticsues). Hesults In this dog compare in a1l but two respects with the
previous dog. 1) The drop in white ~ount was not evident untll after the first
day following irradiation but fell te 133 at the time of desth on the 10th day,
2) There was no evidence of lemedlate rlse I1n platelet at the ead of trestment,
The elevation In hemoglobin and red count, and the duration, were the sane ap

the previous dog. Response of both aninals Is illustrated in Figure 21,
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Y. Clindcal Obsexvatinng on Patienss Receiving Tosat Sodv Radiation.

In reviewing records of patients who have received total body radiation,
thare have been instances where the effect ‘of an amount of radiation, believed
wel)l within the lluits of tolerance, has been excessive or augmented by other
factorssa The quedtion whether thizs is an inherant differenc., in sensitivity
or resistence to radlatlon or whether this is the result of concomitant disease
ar constitutional condition which in¢reazas the seasitivity to radlation re-
mains unanswersd in most cases. Twe examples of this are outlined in detailed
case histories.

Case 5. 1. S. WA Aget 8% KAC-2241

Historys This elderly but vigerous independent farmer had a submandibular
eass for about one year before 1t was finally disgnosed ss lymphosarcoms,
iyechocytic type on October 18, 1956. By this tine he had develoed a generalized
lymphadenopathys bone marraw studies were within normal limits and showed no
lyepnosarcoma. His hemoglebin was 10.3 gm. per cent, WBC was 4,000 at this
time., DBecause the patient had to travel some 4D miles to get to the hospltal,
dx'ving himcelf in a farm truck, his treatment schedule was somewhat irregular,

Rajiation therapyr October 3D - November 9, 1956 ~ Local treatment to the
right inguinal reglon and to the left axilly, 350r skin dose to each site {250Kv
radiation, Hvi. 3.2 mm,, Cu., field size 10 » 1% em.). Janvary 14 - July 22, }937
tgtal body radlation, 241r total. This was glven in 17 treatments of 10 to 20r
aach (the first 3 were 10.5r sach and the last 8 were 10,%r each and the other
6 were 21r each), irregularly spaced through this period. (This tatal hody
radlation delivered st 220 Kv,, Hvl, 1 mw. Cu,, treatment distince 300 em.,
outzut 1 r per minute, The dose was measured at the surface of the patient,
incident radiation plus backscatter). During the interval of his total body

frradiation, he Tecaived 2 singie treatments; one of which was to the right
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ingulial reglon, throush an 8 x 12 ce. fleld, 262 r tumor drse in a single
trestment. The other was to the 1aft submandibular ares through s 10 z 1% em,

fisld, 700 r tumor dose 1n » sirgle treatment. The relaticnship of the blood

counts to treatment throughout this pericd 1s given In figure 22, - _-__—.«__"_.- it
Clinical coursas The palpable lymphadencpathy al=ays responded quite ._ S
readily to radiotherapy throughout the entire tioe of his treatment. The _._:_-‘_I-_-_-_'-j-‘ L

hemogloblin remained at near nornal levels until late July 1957 when it began S e s

to fall. The platelet count remained noramal until August 1957 and 1t then _ °

began to fall. The differentlal count of the white blond cells remained about "

20 per cent lynphocytes and 50 per cent sagmented cells until his last adels~ )

sion when the ¢ells becape predoainately lymphocytes and of those, ths pre= :-i ® -

dominate cell was the lymphoblast. : :
He was smitted twice for transfusiens, once in August, 1957 and again

in October, 1957. Durlng hls last adnleslon from November 1B, 1937 to Decasber _____...-..-;--—-—
L

JRS

B, 1937, he reaceived 4 transfusions and was on Naticorten, 10 mg. every & hours.
During his last admission, %is white blond cell count began to rise and reached
the level of 20,000 at the time he expired. Bone marrom studiss on the day
befors death showed many lymphold eells, few granulocytic cells and no erythrold
precursor cells.

Fost=sortem sxmination on this patient showed the followings
1) lymphosarcoma, lymphocytic type, 2) lyaphatic leukemla, chronle, 3) leukemic

infiltration of the liver, spleen and kidneys, 4) hypoplastic anemla. Repre=

sentative samples of each of the tissues from this men®s post-sortem exaslnation

have been sent to the Armed Forces Institute of Pathology to Col. Carl Tessmer . "';j-::‘ :".--'.'—j"-

for examination, . L
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Commerts Thi: elderly man with clinically evident lymphosarcoma
dlagnosed on tissus «mcimmmts, =ith obvious palpable noden and no particular
symptoms or any discoafort which hept hism from his normal sctivities except
for the 'inal anemls which brough him to the hospital on hle last sdmission.
Excapt for the abnormally low constant level of his white blood ceunt, he
retalned s normal hloed pictuse throughout until the teminal sneais. He was
treated with total body redlation in divided dosss and localized radlation
to anlarged lymph nodes over a period of B months, He developed a hypoplastic
ansmia and a picture of lymphocytic leukenis 2t the time of his death which
was clinlcally of the acute type and st post-moriss sxmsination showed the
histological behavior of » chronic lsukewmia. The sajor possibilities for this
plcture ares
1) End stage lyephosarcoms with the picture of & s0-called leukosarcoma.

2) Chronle lymphocytic lsukemis which resained aleukemic until the terminal
stage and then becams arzvute in behavior. This is quits a normal course for
¢hronic lymphocytic leukemia whether the patient recelves chesotherapy or
radiation therspy, or no tharapy.

3) Irradistion produced sutatios ln the usual course of lysphosarcoms manie
feating iteelf as laykenis I the final stxgm,

The evaluaticon of wifscts of radiation in the blood dyscraslas and
lymphomas i{4 most difficult sbon the major marker is the blood count itself,
This will very with both frredistice snd with the primary digesss. In regard

to the terninal anesia that this man had, this alss is seen in both the
terminal phass of blood dyscrasias fram ¢romding of the bone marrow and im

total boay radistion but st higher levels than this man received.
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Case 6, B, P.  C/M  Agesd9 2115449 P
History:s This wuscular rice warehouse workey complalined of shortress

of breath for 6=7 weeks and left chest pain for 34 weeks. Left vpper lobe

pneumonia was disgnosed on 3/22/97 and treated with antibiotics, He was ‘
discharged from hospital on the fifth day after adalssion. He was readuitted .
with recurrence of cough and chest pain on 4/1/57. The arsa of conssiidation :":‘_ ;
of the left upper lung Fleld had increased and cavitation had develeped. A .
dlagnosis of squamous cel) carcinona of the lung was sade by needle bicpsy

on 4/10/57 and the patient was referred for radinstherapy. N

Treatments 4/15/97 = 15%0r total body irradlation (2 MeV x-ray, rotation

aethod, dose measured in air and axis of rotation, 4.4 megagraa roentgens :
integral dosa). 4/17/57 - 4/22/57 - 1200r tumcr dose dellvered to a lesion K .,"l'_-_‘j §
in the left upper lung fleld (opposing 19 x 1% om. .lalds, 290 Kv radiation, :"
Hvl, 2.2 sa. Cu., integral dose %.4 my/r). . .Q-
Clinica) courses Following total body radiation, there was no salaise,
nayses or symptoms of any kind. The patlent was transported by ambulance " _— :'_'__: =
Setween the hospital and the building housing the 2 MeV Van de Graaff. He was
under close observation for a period of three hours following radiation. The RIS
exposure was over a perlod of 40 ainutes, from 3;00 to 3140 p.ma. He ate &
normal hospital evening meal at 5130 p.m. and slept soundly through the night :
without medication of any kind. On the First -ost-rsdiation day, ro charge in 'Y I
his condition could be observed., He reported no untorard symptaons, %is a-cetite

was pormal and he was up and sbout hospital ward as he had been prier tonZlation, :‘.:-

On the sscond hospital cay following total body rediation, local therapy Tt

e
to the carcinoma of the lung was begqun and he ;aceived a daily dose of 20r EREEOL
during the next week as above described. He showed no change during <his perled. .- .. -:'_:":\

He tolarated trvatment well without nedusea and with no change in stren;th or

appetite. Treatment was interrugted at this time in accordance with a policy . L
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of awalting the effects of initial treatment so that clearing of pneuwenia and
regression of tumor would permlt more precise locallzation; the use of smaller
treatment flalds and the treatment of a swéller volume of tissue,

On May 1, 1957, while still In hospital, he first showed cerebral
symgtonrs and stiff neck., The first clinical suspiclon was cerebral metactases
and on May 2, 1957, an elactroencephalogram was made but this was normal. The
clinical sy:;:ton:-of meningitis develcoped and this was now associated with
leukopenia and thrombocytopenia as shown in Flgure 23. Thers were no electro~
phoretic studlies done on the plasma protein fractions threoughout his entire
hospital and cllnfc visits. Treatment by antiblotice for the meningitis and
by transfuslon and Cortlisone for the leukopeni: and thrombocytopenia did not
slter the clinical signs or symptoms.. No bleeding tendency developed. fe
became terminal and died on May 12, 19%7.

Post—mcrtem showed a purulent meniriitis, bilateral bronchial pneunmonta,
squamous cell carclnoma of the lung and bilateral adrenal atrophy. Tissue
blocks from thls post-mortem examination has been sent to Col. Carl Tessmer of
the Armed Forces lnstitute of Pathology for study.

Comment:s The importance of this case lles In its besring on the concept
of minimal lethal dose. The 150r total body radiation thut this paticnt received
and the additional 1200r tumor dose (delivered to the site of the primary lung
cancer) were not considered as an amount of radlation that would even approach
the local or systemic talerance level, The plan of treatment based upon our
estimate of normal tolerance would have been to ad at least an additional
3,000r tumor doier to the primery lung cancer. The falling white and platelet
counts first noted on May 1, 1957 was at first surprising but not alaming,

The interpretation of cerebral symptoms as probable corebral aetastares dis-

tracted attention from the possible sionificance of levkepenia Indicating a
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hazard of infaction. On recognition of the infection, an intensive regime R .—"“"'-t
of antiblotic therspy Isiled to control his complizatlon which was the cause - ~
of his death. -
There are four possible interpretations herm .. -0 .
1. The amoun! of radlation the patient received represents a minimal lethal :-:. * .
dose and that death is a direct result of radiation. < N :
2., The patisnt did have a dysgansaglobul inemis and the susceptibility to '. B .

infection which with the added stress of radiation, was responsible for the
train of events leading to his death.
J. The patient, having an overwhelaing infectlon such as pneusococcus meningitls

- e~ —— —

linked with the effect of total body raciatlon, marifested the extreme leuko— [ e

penia which lndlcated his very poor resistence to the infection and therefore

sesulted In his death.

4. This patient suffered froa a disorder manifested as a dysgammaglobul Ineala, .

a2 low resistence to infection which was the participating factor in the termiral _*-”-'::.:_fi . T

meningitls, and that the assoclation with the partial courss of radlation was y :'_: . o

coincidental. The question cannot be settled for this case. :—_,'.::: S ;'_
The bearing of thls study to tolarance :o radlation 1s to Iindicate that ‘ . .

when very large numbers of the pepulation are subjected to radiation as in the
svent of the atomlc disaster, we must be prepared to accept a very low amount
of radlation as the minimal lethal dose, sven less than 100r. Thils is becsuse
there will be individuals with either manifest or occult competing dizease

whose demlse will either coincids with exposure te radiation or wmay be hastened

by or ascribed to radlation. .

The saxisym lethal dose will not be altered by the presence of ill or ’ Y ' '. \
vulnerable individuals in the radiated group and there are no iknown factors ' :

cther than an errer in deslmetry which would Increase the value by which ons
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aight sstimate the maximom lethal dose,

The 1D %0 will be diminished by factors depressing the minimal lethal
dose and 1t is doubtful 1f any estimate expressed as a single valpe has worthe
while rieaning unless the spectrum of health and disease In the radlated popu=

latien can be closely appraised.

CONCLUSTON AND FUNVRE
la The doalnet;; of radiation exposurs is of particular importince for the
comparisen of techaics in differeat institutions, for the comparison of
g clinical and lahoratory observatlons and for relating racdiation effects under
these circurstznzes to those which might be encountered ywnder fleld conditiona.
It sheuld not be anticipated, however, that sver incrwaning precision of phy'ticd
measurements will contribute lmgortantly te the study until the biologic response
to radiation ¢an be measured with equal precision. This is not to say that ghysicai
seasurenents are unimportant by any seans. The care with which they are recorded
will permit duplication of the corditions of radiztion exposure in different
anstitutions and will permit the re-evalustion in the future should a change im
D binlogic measurement becoms svailable.
2. In the attempt to find a quantitative relation between physical dosimetry
and bioclogic responss to radlatlon, iron setabolise and hematopoiesis have besn
studled extensively. At lavels below 200r totsl body radlation in @ simgle
sxposure, some interferenca s detected with the disappesrance of injected radio-
iron, but the utilization iz not altered in anw usefully sensitive degree. This
is at odds with the findings of Hennessy and Huff who detected changes In rats
at levels as low as 25r. This basic work sust be repeated,
Gastre-intestinal function may lend itself to quantitative ectimation of
injury. The tensitlivity of the gastro-intestinel mucosa iz well documented from
symptomatolegy of radiation sickness and by pathelogic studies of gross and
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microscoplc studies. Several radicsctive tracers have in recent years beww
employed in measurement of gastro=iniestinal absorptive capacity. These are
I1-141 labeled serum protein {RISA}, 1-131 luieled fat and fatty acids, and Co-60
labeled vitamln Byp. We propsse to study a series ¢ patients receiving shole
body radlation or large abdominal field radiation therapy. A pre=trestment
tast will serve as contreol of subsequent studles to be carried out at different
intervals atter the raclation sxposure.

3. The availability of a hsaxt-lung preparation used in cardlac surgery sade

possible the study of Intensive radiatlonof blood in axtra-corporeal circulation.

One observation was that when plasma from dogs s0 irradlated was given to nozmal
animals, this was fallowed by a sustained rlse in hemoglobin and 2 radloiron
picutre suggestive of 3 segcondary polycythemla., This bizarre reaction has been
duplicated and appears to aerit further study.

4. Studies heve been begun on lethal dose of total body radiation In dogs.
The purpose here is to develep experience in techiics of marrow transfusiom

in preparation to extending this observation to primates.

5. Continued observitions on human patients Teceiving total body radiatiom
emphasize that the minimal lethal dose that may he sscribed io radlation will
be lowered by the presence of concomitant dissase, The presence of cccult
factors which might be responsible for Increased susceptibility to lnfection or
undiagnosed anemia might lead to compl)ications and death assocliated with levels

of tostal pady exposure of 100T or less.
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Table 1

A comptrison of Plasm: Iroa Disappearsnce Half Time

and Plisza Volume msasured by the in vivo wve

ths in witro tagging tochnique

Patients

Disapposrance Half Tine

in minutes

Plasmt Volome

in =l

in vivo

in vitre

in vivwe

in vitro

N B

a

38

76

37
80

&L,
3a
W2
67

1740

2100
2300
1700
3100

1790

260
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Table 2

Case 1. 5.5, 70=w={, Serere pernicious aneaia. Good respanse to witaxin

By therapy. Developed lypoferreamia, which responded to oral irca therspy.

Befors rharapy Duying 8,2 Maintenance
thorapy plus orel iron

Oct 55 Mar 56 Sept. 56

Hemoglobin (gef) 4.9 10.2 17.2
Retisulocytas (%) 0.7 16.3 1.1
Sarum iron {ugf) 163-176 33-38 172-182
7e59 Disappear 7/2 (ain) 32 20 102
Red cell uptake (X ib dags) 21 in X4 ing 61 4in §
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Tabls 3

-econdary Polycytheaia

Cass 2

congenital heart

Case }

2-8-56

Post-polio hypoventilation

3--56

Vital capacity ml
Hemoglobln ged
Henatocrit ¥

Serum iron ugk

17-19

60-65

1100
18-20
T0-80

300-350

L4
46.0
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Flge 7 INCORPORATION OF Fe¢°?

CASE 2

[~ SECONDARY POLYCYTHEMI®
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EFFECT OF LOCAL RADIATION ON THE
PLASMA 1RON CLEARANCE RATE
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Fig. 11 TUANSFOSION OF EXTRACOBPOZEALLY IRRADIATED PLASMA
m Effect on White Blood Cell Count in 5 Dogs
b
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Fig. 13  TRANSFUSION OF EXTRACURPOREALLY IRRADIATED PLASKA

* Effect on Hemogliobie in § Dogs
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Flg. 14 TRANSFUSIQV WITH IRBADIATED PLASMA

Lffect on White Blood Cell Couat is 3 Normel Dogs
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TRANSFUSION OF IRRADIATED PLASMA

L

Fig. |

£ffect va Red Bloud Cell Count ia 3 Normai Dogs
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Flg, e TRAMSFOSION OF IRRADIATEZD PLASMA
Effect on Hemoglobin {n 3 Norwsl Dogs
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Fig. 17
AUTO-TRANSFUSION OF IQEADIATED WHOLE BLOOD
Cffoet on White Blovd Cell Count
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Fig, 18 AUTO-THANSFUSION OF IRRADIATED WHOLE 8LOOD

Zffect on Red Blood Cell Count

1ror
160
150
140 |
130
120
v 110

§

Auto-transfusion

]

e

S 100 -

90
80 I
70
60 |-
50 I

bo}t

20

1ot
*.-..

Dog ro 9 fos! appronimately 200 ce blood

9. 320 cc. blood irradiated
10. 500 c¢. blood irradiated

2 hrsl
pAYS™> 2 345

10

20

. e m— e mm—




Fig. 19  AUTO-TRANSFUSION OF IRRADIATED WHOLE BLOOD

£f{fect on Hemoglobin
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Fig. 20 Hesstopoietic Response Followling
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, Flg. 21 LETHAL WHOLE BCDY MADIATION IN oGS
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/ Fig. 23 Response of White Blood Cell Count TOTAL uoo*_.__nuw;:oz 130¢
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