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CHAPTER I

SIMMARY AND COMMENTS

This report compiles in a somewhat abbreviated fashicn the bulk
of the radlobiologic studies carried out with joint (AEC) ERDA and NASA
support during the years 1964 to 1974 at the Medical Divisica of Oak
Ridge Asscciated Universities. Their termination was directed by a
decreased urgency on the part of NASA for broadly focused human
radioblologic data and on the part of ERDA for a redirection of ORAD's
Medical Division efforts away from radiotherapy toward occupational
medical problems that are being generated by the increasing demands for
energy from non-nuclear sources.

The physiologic data gecerated by this study were similar {a many
ways to those previcusly cbserved in other medical radiobiologic
experiences. They differed, however, in the methods of data secquiaition
and analysis. Iastead of more conventional analytical methods, pulmonary
impedance was recorded and quanc’tated as a measure of radiation—-induced
-gastrointestinal distress and fatiguability.

While refinements in dose response related to gastrointescinal
distress vere accomplished we alsa found that through the use of Fourier
analysis of pulzonary impedance wavefora GI distresas could easily he

racognized and quantified even when the initial stages of nausea wera

below the subjects subjective level of recognitiocn. Our results desonstrata

that change in pulsonary impedancec vaveform closely parallel vell-defined
stages of CI discress, l.e., init1al causea, & prograssive facrease in

nausea, and finslly vomiting episodes. These stages of Gl discress ara
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sizilar vhen induced chemically or by exposure to ionizing radiations
although thac induced by radiation 1s often sudden in omsecr and lirrle
causea may proceed the actual emecic episode. Throughout the acudy
period, pulmonary izpedance waveform analysis pever falled to recognize

radiation-{nduced GI distress. Finally, these dara demanstrate that

RO T Tl K

real-tize analysis of GI status with continucus data update can be
accouplished using Fourier analysis of the pulmonary impedance wvaveform
monitored from & remote, isolated eavironment.

Atteapta to measure and quantify rad{ation-induced physical
deconditioning using pulmonary impedance wavefora analysis were not as
clearly delineated as in the case of gastroinsestinal distress. Pulmonary
impedsnce measured before, during, and after coantrolled exercise stress
(ergomecrry) correlated very well with periods of physical stress.
Increaged respiratory demand during submaxizal exercise stress was
accompanied by increased pulmonary impedance variance and wvithin atress

periods an increase or decrease in vorkload was accompanicd by respective

shifts {n pulmonary impedance waveform. However, exposure to lonizing
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rad{acions resulted in amplified (increased) pulmonary impedance variance

ol

in over 802 of those humans studied although the ergometric workload
remained uachanged. Thus, it wvould appear that exposure to radiacion
resulted in increased respiratory demand to perform at a constant, noa-

varying vorkload. Analysis of csrdiac race during controlled exercise

v e e e e

atress in control volunteers and therapeucically likewise demonstraced
incresased reaponse in over 70X of those patients who participated in the
study. We belleve that theses asplified cardisc rates are indicative of

dininished cardifovascular efficiency since workloads vere non-varying




throughout each patient scudy period. Since some radichiclogista believe

that venodilation and decreased veaous ccmpllance occur during early

postirradiation periods (hours to seveiral days) a pooling of blood in the

venous aystea could account for incressed cardiac rates and increased

pulnonary imucdance (incressed medisstinal blood mass) postirradiacion.
Efforts to model these data with those of other physical

deconditioning experinents led to O, consuzption messurements. Uaing

2
bedrest as a typical model we found that & remarkable similarity exists
berveen the decrement cause by 21 days of bedrest and exposure to 100 R
irradiation. Unfortunately, we vere able to study only one therapy patient
in the tize period between developing our capability for 0z consunpcion
messurement and the termination of the inpatient therapy program of our
Division.

The imporrant question remains unanswered as to whether or not
radiaticn~induced physical deconditioninyg and that induced by bedrest
(weightlessness) are additive. If they are the threshold radiation dose
wvould be lovered as mission length was increased unless strong counter-
measures vere used to prevent or retard zero-G deconditioning., Another
facet of this physiologic problem that remains to be considered (s vhether
the level of physical training (vigorous in astronsuts) can sffect the
degreae of physical deconditioning. Some studies, needing ro be confirmed,
suggest that the vell-cond{tioned indi{vidual =ay react more strongly and
Tecover zors slowly th: a non-conditioned person. Our study of perforzanca
after radiacicn exposure using controlled exercise scress in physically
trained and uatrained ponies supports this suggescion {n that the

conditioned anizals responded with a greater degree of decrement than the
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uacendictioned ones. The biochemical sechanisas underlyicg this phenomenc
geed to be studied withaut necessarily any reference to radiacion

exposurae because of lts general applicability to everyday life as well as to
disease.

Our hematologic studles concerning the changing patterns of

peripheral blood cell numbers after {irradiation produced significant

improvement in the quantitative agpects of the problem, particularly s

defining the doubling times for human leukocytes in terms of repair kinetics.

The laboratory studies showed thact rapid cell sizing techniques

provided an additionsl parameter to hematologic studies that {mproved

speed of quantitation and di{agnosis. In polycythemia rubra vera, for 3

example, changes ia RBC amorphology proved to be extremely useful in }

appraising the relacive aizes of the iron and erythroblastic pools after

radiation exposure. The unique observation of werum CPK rise after a large

P = D3 Al

accidencal radistion exposure in a man could nat be confirmed in subsequent

study in animals. Nevertheless, it led us to evaluate serum CPX levels

The results of this study suggested

before and after radiacion exposure.

thac changes in muscle CPK as reflected in serum CPX levels may be relaced

This lead needs to be

to fatigue and abilicty to perfora physical wvork.

pursued further.

The sizultapeous studies of human and mouse hemic responses to the

saze lov dosa ractes and daily dose point up the threefold greater radiacion

PO YT IR OV R TY Y TR P TR,

resistance of mouse over man while suggesting what the basic lethal
mechanisus may be for =an under various conditions of low dose-rats

irradiarion as it spproaches sbout one rad per day.




These studies are, of coursze, not to be considered definiztive azd
wvithout need for substantiatiom and extension. Only changirg priorities

places them, in our opinion, oz "zhe back burmer” for the momexnt.

R. C. Ricks

C. C. Luchbaugh
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CHAPTZIR I

CBJECTIVED AND SCCPE

The objeccive of this scudy vas to glean from hu=an accidenral
and therapeutic irradiation case histories all pertinent radiobiologic
inforzatios for reapprais .ag and improviag our knowledge of man's
radiosensitiviry. This study vas cooperative with an YRDA suppaerted
study of total-body irradiacicn as a therapeutic modality for hucan
blood dyscrasiazs. Where the AEC/ERDA study concerned itself wirh
clinical aspeczs, this NASA study vas directed toward extracting measut~
able infor=aticn cn biclogic eadpeoincs of radiatian effects. Study areas
that recsived major emphasis vere: hematology, gastzointestinal side
effects, dosizetry, and physiologic sonitoring for perforzance decrement.

The sneed for more quantirative inforzation on the sffects of low
radiation doses 2nd lov—dose-rate exposures was gemeracad by NASA prograa
placaing that ixvolved manned space flights. The plans for space
laboracaries expanded the nu=ber of perscns at risk from the lov doses
of natural space radiation and included the possidbiliry thar sm additional
risk might arise from mansade radiation asscciated with the use of auclear
power geserating syscems. Qur studles vere intended to strengthen the
confidence we presently have in our knowledge of man's ability to repair
vadlation damage so that ERDA, NRC, NASA, and other govermeutsl sgencies
could establish zounoccupational permissible radiscion exposure levels and
contiaually teview and update NASA occupatioual career liafts for radiacica
exposure of astronsauts as required for engineering design of advasced

systems. While knowledge of the effects of larger radiation expasures ac
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high aad low dose rates ia groviag substancially, ir is as yet inadequate

for derivipg dose/response equations that allov high~confidence

predictions of the smount of acute and chronic damsge that can be expected

from small doses to the totsl bady or its parts. Extrapolaticos that

estinate effects from extremely lov exposures accumulated over long

periods of time on the basis of studies of high exposure sustained in

short periods of tizme, derive all of their justification from radiobiological

studies of lover marmals (chiefly mice). Some aobservations indicate that

after & 5 ta 10 rad dose, for example, the probabiliry of a seriocus

consequence occurring in an individual'a lifetize {s so low that e

threahold coacept 1s valid for practical regulatory purposes. Confidencs

vas limited on previous conjectures concerning the levels of radfation

that could cause detrizental human reactions. The ipherent difficulties

in evalusting voluminous clinical data containing numerous variables

however have now been largely overcome. Modern research methods using

computers with large memory storage capacity have enabled us to conatruct

& human radistica injury data bank containing clinical data from more

than 3000 human total body irradiation exposures in the United Statcs.

These charts have been extracted, encoded, and vere analyzed by modern

oathematical electronic computer methods. The Oak Ridge Associasted

Universities (ORAU) patient studies obtained {n a radiotherapeutic prcgraa

since 1957 and addiricnal human studies (v 3000 casas) obtaiped from cther

hospital ceaters with sinilar studies were incorporated into a study to

deteraina dose relationships {a man for anorexis, nausea, vomiti-g,

diarrhea, fatigue, veight loss, fever, erythema, epilatiuu, lymphopenia,

graculocytopenia, anemis, thrombocytopenia, cytogenetic damage, decreased




vesistance to infecticm, decreased antiboedy synthesis, increased aging,
and carcinogenesis. The values vere assessed for degree of clinical and
machenatical confidence to permit their use in predicing man's reaction

to the ambient radiations of space, and to direct further clinical

exploration on the effect of ifonizing radiation upon cancerous and normal
processes.

Additionally, there vere multiple reasons for this study overall.
Therspeucic total-body irradiation is efficacious in controlling some cases
of leukemia and lymphoma and ameliorating symptoms {n others. The possibility
that lowv dose races may favor repair of normal tissua in contrast to
malignant processes had not been evaluated in the present modern eras of
radiotherapy and radiobiology; we proposed to test this hypothesis with a
radiacion facility producing an isocropic flux of uniform radistioan giving
lov rates of exposure. This irradiator was large enough for patients to
live in comfortably for several veeks. Because of expzndlni prograzs in
nuclear energy and space exploration, the need was more acute than ever
for daca derived di{rectly by observaticn of man's resction rather than
ssauzed from acimal studies. The ratrospective accumulation of such data
as vas available shoved that the old dats suffered from lack of mcdern
dosinacry, tissue depth dosa knovledge, biased recording of symptomatology,
and incoaplets and inaccurate records. Finally, these additioczal unblased
clinicsl observations vere sorely needed to defend existing envirormental
and occupaticnal radiaction exposure constraiats from atrtack by wall-mesning,

but {mpractical, theoriscs.
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Res. 27: 487-488, March 1966.

Andrews, G. A.: Treatment of Radiation Injury. J. Mississippi Med.
Assoc. 7: 534~538, 1966.

Andrews, G. A., Lushbaugh, C. C., and Eniseley, R. M.: Proceedings
of a Panel on Effects of Total-Body Irradiatiocn in the Human Being.
IAEA, Vienna, May 17, 1966.

Dalton, C. P. and Cloutier, R. J.: An Arrangement of Radiocactive
Sources for a LowExposure~Rate Total-Body Irradiation Facility.
Physics in Medicine and Biology 12: 116, 1967.

Dalton, C. P. and Cloutier, R. J.: Source Arrangement for a Low-Exposure-
Rate Total-Body Irradiacion Pacility for Man. USAEC Report ORINS-52,
May 1, 1967, 205 pages. -

Panger, H. and Lushbaugh, C. C.: Radiation Death from Cardiovascular
Schock Following a Criticality Accidemt: Report of a Second Death from
a Newly Defined Himan Radiation Death Syndrome. Arch. Path. 83: 446~460,
May 1967.

Lushbaugh, C. C.: PEditorial, Radiaticn and Shock. JAMA 200: 181, 1967.

Langham, W., editor: Space Radiation Study Panel: Radiobiologic
Factors in Manned Space Flight. July 1, 1967.

(1) Lushbaugh, C.C., Andrews, G. A., and Langham, W.: Prodromal
Responsge, p. 76~90.

(2) Coarad, R., Andrews, G. A., and langham, W.: Hezmatologic Effects,
p. 90-10S.

(3) langham, W. and Lushbaugh, C. C.: Early Lethalicy, p. 105-124.

(4) Thompson, J. zod Andrews, G. A.: Chemical and Bicglogical
Protection, p. 218-230.
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Radiac. Res. Suppl. 7: 398-412, November 1967.

E

12. Andrews, G. A.: Radlation Accidents and Their Management. Radiac.
Res. Suppl. 7: 390-~397, November 1967.
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13. lushbaugh, C.C.: Sowe Blological Endpointa of Dosgimetric Value
Derived from Clinical Daca. Ia First International Sywposiim on
Biological Interpretation of Dose froa Accelerator Produced Radiatiom,
March 13-16, 1967, E. J. Vallario, editor, DTIE CONP-670305.
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4 14. Lushbaugh, C. C.: Receant progress in Assessment of Human Resistance
to Total-Body Irradiation. In Proceedings of a Sympoasium Postatrack
Recovery froa Nuclear War- Held at Fort Monroe, Virginia, November
6-9, 1967.

15. Lushbaugh, C. C., Comas, F., Edwards, C. L., and Andrews, G. A.:
Clinical Evidence of Dose-Rate Effects in Total-Body Irradiation in
Man. In The Proceedings of a Symposium oun Dose Rate in Mammalian

4 Radiation Biology, held April 29-May 1, 1968, Oak Ridge, Tennegsee,

CONP-680410.

1l6. Beck, W. L., Callis, E. L., and Cloutier, R. J.: Phantom Depth-Dose
Ueasgurements wvith Extruded LiF in a Low~Exposure—Rate Total-Body
Irradiator. In Proceedings of the Second International Conference om
Luminescence Dosine:ry, September 23-26, 1968, USAEC Report CONP-680920,
1968, pp. 976-989.

17. Comas, F.V.: The Time Factor in Fractionated Irradiation of Mouse
Skin. In The Proceedings of a Symposium on Dose Rate in Marmmalian
Radiation Biclogy, held April 29-May 1, 1968, Oak Ridge, Tennessee,
- - USAEC Report, CONF 680410, pp. 18.1-18.12.

18. Comas, ¥. V., Andrews, G. A., and Nelson, B.: Spleen Irradiatiocn in
Secondary Bypersplenism. Amer. J. Roentgenol. 104: 668-673, 1968,

19. lustbaugh, C. C., Comas, F. V., and Andrews, G. A.: Radiatiom
Dose~Response Relations Derived from Clinical Data. Health Physics
15(2): 163-166, 1968 (abstract). '

20. Bond, V.P., Osbormne, J. W., Lesher, S., Lushbaugh, C. C., and Hormsey, S.:
Panel Discussion on Mechanism of Intestinal Radistion Death. In
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1968, pp. 352-373.
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The Power Spectrum of the Impedance Paneumograph: A Data Reduction
System Producing an Analytical Parameter of Potential Clinical Use-
fulness. Aerospace Med. 40: 425429, 1969.
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CEAPTER VII

APPENDIX
A. List of Cooperating Institutions in Retrmspective Studies

Hospitals Participating in Study

Albert Einstein Medical Ceater
Baylor University: Jefferson Dsvis Hospital
V.A. Bospital at Houstom
Texas Medical Center
Burge Protestsnt Hospital
Cincinnati General Hospital
City of Bope Medical Center
Charity Hospital
Colorado Ceneral Hoapital
Ellia Fischel State Cancer Ceanter
Franklin Hospital
Jefferson Medical College
Long Beach Commmity Hospital
Los Alamos Hospital
Mary Imogene Bassett Hospital
Magsachusetts General (MeG) (LR)
M.D. Anderson Hospital
Medical College of Virginia
Hev York Memorial Bospital (CH) (N)
Oak Ridge Associated Universities Medical Division
Penrose Cancer Clinic
Peter Bent Brighaa Hospital
Portland: Emanuel Hospital
Dr. Byman's Clinic
Portland Medical Center
Princess Margaret Bospital
Providence Hospital
Rhode Island Accident
Spokane: Deacouess Hospital
Rockwood Clinic
Sacred Heart Hospital
Milo Barris Clinic
Svedish Hospital
Temple University
Thomas M. Fitzgerald Mercy
U.S. Naval Hospital
U. of California Medical School, S.F.

U. of Michigan PRECEDING PAGE BLANEK NOT FOMFD

. U. of Washington

V.A. Bospital at Denver
V.A. Hospital at Long Beach

V.A. Hospital at New Orleans
Vancouver: British Columbia Cancer Institute

Royal Columbian Hospital
Vancouver General Hospical
White Memorial Medical Center
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B. List of Coutributing Kedical Divisiom Staff Members 3
|
Medical Paramed{cal Coaputer :
—_— ¥
E. G. Ammerman E. A. Anderson Pauletts Aa i
G. A. Andrews Normal Asbury Thoaas :kinton %
Edward 3ird Mildred Bailey Robert Beaver .
F.V. Comas ¥rances Banmmer Linda Brown .
C. L. Edwvards T. R. Barclay Ed Froae f
Dleter Pmrich W. L. Beck Arthur Glaster -
Kong-oo Goh Per-Erik Bergner Martha Hansard
F. A. Gosvicz Sarah Cecil Janice Ishee
. 7. Bubner Carcl Chabot Earl McDow
R. M. Knisgeley Kay Clayton Danlel McFaddin

C. C. Lushbaugh
B. Helson

Etnz Palmer
Ryosaku Tanida
M. Van Woert

H. A. Vodopick

Hartha Clevenger
R. J. Cloutier
Shirley Colyer
Lydia Corrill

J. T. Crockett
Evelyn Cunningham
Glenda Fritts
Dorothy Gaither

Lucy Amburn W. D. Gibbs
Margie Bagley J. H. Harmon
Carol Bingham Joyce Hewins
Margaret Blackburm Wanda Hodge

Exrvin Bobo Harold Hodges
Helen Brinker Elizabeth Holloway
Ruth Capshaw <ullia Hopper
James Cozart Mildred Hyp

Mary Nell Craig Gretchen Himason
John Dean Jane Kimbro
Thelma Eden Barbara LeClerc
Eria Hartaan Kathryn Lore

June Geldmedler Willa Fae Loveday
Mable Helton Dorothy Lushbaugh
Rita Holt Kathryn McCulloch
Rufus Jackson Maryrose McGown
Earl Jacobs Jean Hclntyre

Sandra Landry
Yartha Laxton
Bedford Mayott
Barbara Nance
Benua Pack
Garfield Porter
Naomi Presnell
Mary Rogers
Bernice Salley
Lillie Simmons
Marilyn Saith

A. C. Morris
FPrancine Pennington
Evalyn Repplinger
Robert Ricks
Emily Roemer
Elizabeth Rupp
Billie Ryan
Evelyn Sipe
Vivian Smith

T. R. Stokes
Katherine Stubbs

Elaine Stoetzel Mary Thowmas
Mary Sutliff Mary Watkins
Eugene Weaver Allen Webb

Martha Williazzms
Lillie Woads

Sondra Wilson

Richard Queener
Hona Smith
Jimie Sanders




