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Introduction 

This repon presents a synopsis of rescarch perfonned by Dr. G.E. Burch during the 1940s. 1950s. and 1960s a; Charily 
Hospital in New Orleans, Lousianna. Four technical e x v m  have reviewed 24 research papcrs published in peer-reviewed 
rescarch journals and proceedings by Dr. Burch and his colleagues between h e  years 1946 and 1968. The papers were 
grouped prior to the review into three categories represented in this repon by rhe followiq chapter tides: 

Studies Involvirig Human Subjects 
Isotopic Studies Not Involving Human or Canine Subjects 

Studies Involving Dogs as Test Models 

The experts' reviews addressed five areas, which are presenled as the following questions in each chapter. 
What, If Any, Is the Scientific Value of the Research on Which These Studies Are Based? 

Did the Research Provide Medicine with New and Useful Information? 

What Contributions Did This Research Make to Patient Care or to the Understanding of the Di sme  Process? 

What Was Known Medically about Matters Addressed by This Research at the Time It Was Being Conducred? 

Is There Documentation That Shows Informed Consent? 

Finally, after being edited for readibility and grammar, the entire document was reviewed again by a fifrh technical 
expert, who found the reviews 10 be technically competent, impanial, and thorough. 
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Studies 
I nvo Ivi ng 
Human 

Subjects 

This review addresses two goups of articies or summary 
reports of articles that discuss the use of radioisotopes as 
tracers or markers to evaluate metabolism of water (in the 
fmt series) and a medication (in the second series). The 
first group of eight articles to be discussed reports on the 
use of sodium @'a) isotopes, Na-22 (3-year half-life) and 
Na-24 (14.8-hour half-life), in determining sodium 
dismbuuon as an indicator of water metabolism in normal 
and disease states. These articles were published from 
1946 to 1949. 

The second group, which consists of three articles and 
two summary reports from 1949 and 1950, discusses 
results of metabolic studies of inercurial diuretics labeled 
with two mercury (Hg) isotopes, Hg-203 or Hg-306. 

An  additional article is also reviewed that discusses 
palhological findings in cardiac tissue from a patient who 
expired seven years afrcr radiation thcrapy to Ihc neck and 
chest to ueat a malignancy. 

What, If Any, Is the Scientific Value of 
the Research on Which These 
Studies Are Based? 
In the eariy application of nuclear medicine, information 

relating to water di.tribution and mechanisms for water 
retention in congestive heart failure (0 was limited. In the 
1946 study by R a w  and Burch. the use of h'a-22 with a 
longer half-life (kee ycan) than the previously investiyted 
Na-24 (14.8 hours) provided the capability IO evaluate loiig- 
term phenomena associated with CHF and edema. 

Additiorial hcncfil was gaillcd hy conlinnillg fcncrd~ly 
acccptcd idcas ahout sodium and watcr rereiuioii variation 
in  phases of CHF aiid the value o f  low-salt d i m  i n  
assisting water cxcrctioii (Tlirccfoot. Gibbons, and Burch. 
1947). This infonnaiion was developed from dala froin Ihc 
two paticills i n  thc previous siudy. 

A subsequent study 011 28 subjccLc using Na-24 
established a model for coinpartinciilalization of sodium 
luniover, which is rapid betwecn plasma aiid intercellular 
fluid and slower bctweeii plasma and other s~ucrures of 
the body. They also deinonsuated the differcnces in 
diffusion rates between normal and edematous sutes. 

Funhcr investigations addressed the differences in 
sodium cxcrelion rates in heallhy and diseased individuals; 
tlicse studies indicated that excretion rate was reduced in 
CHF patients as coinpared to rates in non-CHF paticiits. 

A paper presented in January 1948 (Threcfoot Burch. aid 
Reaser, 1949) addresses the concept of biological half-life. 
The paper focuses on h e  utility of the biological half-life, 
such as its use as a physiological descriptor of the element in 
determining safety factors. in measuring public and persoiaal 
dose from radiation in dose calculations, and in detennining 
the influence of disease and new therapy evaluation. 

Did the Research Provide Medicine 
with New and Useful Information? 
To a large extent this research validated existing 

concepts about water melabolisin and confirmed variations 
between normal and disease states. The research also 
demonstrated similarities to conclusions in previous animal 
studies of sodium dynamics. New and useful information 
Sained froin the research related to the inodeling of sodium 
turnover rates between various body compment s  and the 
demonsuation of the variation of diffusion rates between 
nonnal and abnormal (edema) conditions. 

In addressins safety considerations in the use of 
radioisolopes. the researchers (Burch, Threcfoot. and 
Reaser, 1948) introduced concep~s of equilibrium of 
distribution and elimination time and their variability. 
These variations need to be cornidend in calculating safe 
doses fmm sodium radioisotopes. 

Experiincnts deinonsuaied that the concenmtion half-life 
of radiosodium is increased threefold in CHF arid fivcfold 
in nephrolic syndrome. This conuibuted IO the 
understanding of the discase process and probably 
influenced subscqucnt patient m e .  

variables and subsequent modeling wilh consideration of 
thcorctical physics limits provided new and useful 
iiifonnation for modeling of other radioclemcnts. 

Obscrvations about the biological half-life and biological 
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What Contributions Did This 
Research Make to Patient Care or to 
Understanding of the Disease 
Process? 
Through validation of some existing coliccpls of 

physiological and disease states, these researchers 
provided new tools and kchniques for investisadon and 
analysis of b e  effectiveness of medications and expanded 
knowledge to assist in the medical management of edema 
and CHF. 
Treatment of one patient with a mercurial diuretic during 

one or the research efforts clearly demonstrated selective 
sodium excretion. 

New information on sodium diffusion between various 
body coinpamncnts, the effcct of salt inrake. and 
differences in  water metabolism in disease states assisted 
i n  patient care protocols. 

What Was Known Medically about 
Matters Addressed by This Research 
at the Time It Was Being Conducted? 
Much of the information prior to the use of radioisotope 

labeling was based on animal research and clinical 
observations. During this research period even thoueh 
meaningful information was being developed, 
“mechanisms of the retention of Na and water in 
congestive heart failure remain unknown” (Threefoot, 
Gibbons, and Burch, 1947). Warren and Steed (1944) 
reponed in the Archives of Internal Medicine in a review 
article on Fluid Dynamics in Chronic CHF, “the common 
denominator of all patients with [ C w ]  is impaired cardiac 
function ... and ... for some reason, as yet unexplained, these 
patients fail to excrete salt and water in a normal fashion.” 

In April 195 1, Danowski (“Newer Concepts of the Role 
of Sodium in Disease,” American Journaf of Medicine) 
cites Reaser and Burch 1946, and Burch, Thrccfoot and 
Reaser, 1948. When one’s work is cited by pccrs in 
subsequent rcvicw articles on the matter in question, the 
significancc of the conlribution 10 the understanding of the 
matter is affirmed. 

Is There Documentation That Shows 
Informed Consent? 
No, [his would not be expected in articles of this nature in 

this time period. 

What, I f  Any, Is the Scientific Value of 
the Research on Which These 
Studies Are Based? 
Rescarch (Threefoot, Ray, Burch, Milnor, Overman, and 

Gordon, 1949) was needed to undcrstaiid the distribution 
and excretion of a mercurial diuretic (mercuhydrin) 
because, although therdpeuuc at lower concentrations. it is 
toxic at high concentrations. In addition, there was a need 
to identify the role of diuretics in salt and water 
mctabolisin in normal and disease states. 

A second study (Overman, Gordon, arid Burch, 1949) 
evaluated the absorption of orally adiniiiistered 
radioincrcury-tagged diurclics. Twenty-seven suhjects, 
iiicludiiig five with CHF. were studied. The subslances 
were poorly absorbed. Ordl adininismtion of inercurial 
diuretics is not indicated. 

In the 1950 study, Ray, Burch, Threefoot and Kelly 
iiivestigated the distribution of mercurial diuretics in the 
body cornpamerits after administration in Ihe lreatment of 
edema. Fifty-six subjects received intravenous (IV) 
injections. No significant comparunentalization was 
observed (except bile) and rapid excretion of mercury 
through the kidney was confmed. 

The final repon in this section was completed in 1950 
(Burch. Ray, Threefoot, Kelly, and Svedberg). The 
research was conducted to validate findings of previous 
smaller pilot studies. Radiomercurial mercuhydrin was 
administered IV or IM (intramuscular) and excretion was 
monitored. The study found that the mercury cleared 
rapidly from the healthy subjecs and was delayed in 
subjects with CHF. Additionally, the incrcuhyrin given by 
IM cleared more slowly than that given by IV. arid 
sweating had no effect on clearance. 

Did the Research Provide Medicine 
with New and Useful information? 
As a result of this research. researchers gained a clearcr 

undersunding of the distribution of mercury following the 
administration of mercurial diureljcs. Orally adrniiiistercd 
inedications of this nature were shown to be 
conmindicrated and IV adrninisuation was shown to be 
superior 10 IM for morc rapid clanoce. All of these 
fiiidiiigs had useful clinical application. 

Three major cxpoiicnlial ntes for the concentration-time 
regession curvcs were identified. Conclusions were: first, 
from rhc chemical mixing of the injected material; second, 
relaled to diffusion to more stable cornparunenis: and 
third. to the excretory processes. 
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What Contributions Did This 
Research Make to Patient Care or to 
Understanding of the Disease 
Process? 
As stated above. Ihc fiiidiiigs from this rcscarcli had 

useful clinical applications. 

What Was Known Medically about 
Matters Addressed by This Research 
at the Time It Was Being Conducted? 
Thcre had hccii coiisidcnhle clinical expericrice \villi 

iiicrcurial diurcrics. This cliiiical and basic sciciice 
rcscarch coiirributcd si~riificaiitly io Ilic uiidcrslaiidiii~~_ o f  
rlic nicraholisin aiid cfficacy of ihcsc coinpound<. 

Is There Documentation That Shows 
Informed Consent? 
Kone presented. 

Effecrr  of  R a h t i o n  orr the Hirman Heart 

This repon discusses an electron microscopic study of the 
h e m  of an individual who expired from CHF seven years 
after total th)-roidectomy and X-ray Veauneiit for a thyroid 
cancer. The patient had received 4.SO rads to the Ihyoid 
and 5.200 rads io the mediastinum at the time of ndiatioii 
lherapy (as \vas consistent with radiation therapy at that 
time). This analysis was performed to identify subcellular 
effects of ioniziiig radiation and add 10 the knowledse 
amilable concerning effects of hish doses of ionizing 
radiarion on the myocardium. This patient was not 
iiivolved in an cxpcriinciiral protocol nor wcrc 
raclioisotnpcs involved. 

idcntif!,ing radiation-induced myocardial dainqe. 
suhccllular cffects had not bcen rcponcd in 1968. Tiis 
srudy iiidicalcd that aficr irxiiation, significant chaiizcs 
occur ai the subcellular Icvcl. including cxrcnsive 
disor;ar~imion of initochniidria. myofibrils. nucleus. aiid 
sxcolc~nina. These chaiiys are coiitrxtcd io the 
ultmsuuctural chanzcs sccii aftcr myocardial iiiiarc~ion. 
The authors staie. "...lar;e doses of irradialion to the 
rncdiasiiiiuin caii causc daina~e 10 the myocardium thai 
ma). inriiiifcst itsclf only inoiirhs or years aficr rhe hirial 
cspnsurc. Caucc-md-cffcct relarionships still rcrnain IO be 
v,.c:rkcd o u t . "  This aniclc is a uscful conulbutioii to 
rucliatioii hiolo;y iilcniurc. 

Al thouzh  irifonnauon has hceri prcscnicd i n  [he litcrature 
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Isotopic Studies 
Not Involving 

Human or Canine 
Subjects 

This review concerns 5 articles appearin: over a 13-year 
period. Three that were published in Science describe: 

A method for separating radioactive mercury 
from radioactive sodium by thermal ineatis 

A device to improve efiiciency of counting 
accomplished with the Continuous Gas-Flow 
Type Counter Tube 

by measuring freezin; point 
A means of determinins deuterium oxide in water 

The other two articles, which appeared in The Journul of 
Lclborutory and Clinicu/ Medicirie and in Progress i,t 
Curdiovuscu/ur Diseuse, discuss, respcctively, factors 
influencing: 

The Counting of rddioe~cinents in  seiccted liquids 

The interpretation of isolopic studics of body 
water aiid clectrolytes 

Althou2h not devoid of clinical implications, these 
articles larsely focus on physiology aiid procedures. 

What, If Any, Is the Scientific Value of 
the Research on Which These 
Studies Are Based? 
Although this rcsearch-like the ovcrwhcliniiig majority 

of scicntific cndcavors-produccd no great hrcakthroughs. 
i t  rcprcscrits the kind of pcrsistciil plodding that rnakc 
funher advances possible. The rcscxchcrs appropriatcly 
sought to dctcnninc the u t i l i t y  aiid lirnitaiions inhercnt in 
lhc usc of radioisotopes IO broadcn scicritific 
understanding of physiologic pticnorncna. a id  did, 

thcrcforc. add lo the kliowlcdfc arid ~cclu~iqucs of (lie 
tirnc. 

The February IY49 article i n  Sciericc coiicenis the 
pharmacodynamics of a widely used diuretic. To 
iiivcstigate that drug’s effects on to thc hody. i t  was 
iinpnant to scpmte the organic incrcurial iti llie 
medication from the sodium chloride whose cxcreriou i i  
promotes. A inethod for thennal scpciratiou is described. 

The article in the May 1949 issue of Sciciice rcpons nil 
an equipment upgrade that improves counting efficiency. 
To lacilitate Uie use of the Coiititiuous Gas-Flow Type 
Counter Tube, a siinplc time-saving inodification was 
applied. 

The Scie/icc article that appeared i n  August 19.58 offers a 
iicw approach to detection of deutcriuin oxide in water. To 
supplcmcnt die available techtiiqucs. a simple, rcliahle, 
and alrcady availablc insuument was adapted for an added 
function. The adaptation is spclled out c lwly .  

The other two articles come closer to being stare-of-the- 
art (for the period) reviews. The earlier of the two 
discusses sample characteristics that can influence the 
counting of isotopic constituents. The later one addresses 
factors ha t  complicate the effort to measure and the 
attempt to interpret finding rclated to body water and 
electrolytes . 
The April 19.50 article in The Jourml ofloboraroql arid 

Clinicnl Medicirie assays the influence of self-absorption, 
volatilization and deliquescencc on counts obtained. To 
avoid inismasureinents and the false conclusions, i t  is 
necessary to recognize effects attributable to these factors. 
A series of methods are described that clarify the caveats 
and controls. particularly relative to the chemical 
environinent and the method and temperature used for 
dr)lin_r the samples. 

The July 1962 anicle in Progress in Curdio\wscular 
Disease highlights physical and chemical factors affecting 
vacer studies and presents mathematical considerations 
undcrlyins their explication hcfore discussing hody water 
and its constituents. To use appropriately the infonnation 
derived from isotopic uaccr studies, one must be 
thoroughly aware of its limitations. The paper clcarly 
states that while ahsolute values must bc interpreted 
carefully, findings can be used to evaluate the differing 
r a t s  of exchange among the various M y  companmcnts. 

The forqoing would a p p w  fo suppon the view that on 
the whole the cited research did indeed add value to the 
scientific knowledge and tcchiiiques of ils time. It also i n  a 
sinall way strengthened the foundations upon which lstcr 
scientific understanding and skills arc huilt. 

I ~~~~~~ 
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Did the Research Provide Medicine 
with New and Useful Information? 

While this research did not bring I O  light some starlling, 
previously unsuspected revelation, it did provide uscful 
procedural refinements. I t  also supplied hclpful 
perspectives concerning factors that may advcrscly affect 
counting measurements and results interpretation. Of the 
two, the latter, the matter of perspectives, has beeii the 
more consequenlial. 

To their credit these researchers. unlike some, wcre 
aware of factors that could influence the process. They 
were not to be led astray by a failure to idcritify and 
evaluate assumptions and hiddcn variables. For cxample, 
the Ju ly  1962 article is careful to note that the fuiidaineiital 
assumptions of tracer techniques u c  oiily partially 
supponahle. 

Io the same ankle the author articulates a major 
assuinption made by him and by his colleagues: “It is 
unlikely that there are any siyificant rodiarion effects on 
the biologic organism from the quantities of isotopes used 
in tracer studies of body water and electrolytes.” In 
support of this assumption, he cites two other authors 
(footnotes 1 and 2, Brannell and Quimby. respectively). 
He does acknowledge that “with some tracers distributed 
in relatively heavy concenuation to specific organs and 
with long effective half-lives, such as isotopes of calcium 
or strontium in bone, there may be some effect on the 
orpn.” He indicates that there can be physical effects as 
well, which are due to differences in atomic weights. 

That irradiation effects are unlikely to have ill effects in 
the circumstances cited may be a fair assumption, but it is 
one that deserved more evaluation. The reader is given no 
reason to doubt that the author was sincere in his belief 
that his assumptions were correct. 

Once again, this research was useful for its approach and 
perspec tive. 

What Contributions Did This 
Research Make to Patient Care or to 
the Understanding of the Disease 
Process? 
Since this research coilccnied basic physiology rather 

h n  clinical matters. its contributions to patient care were 
marginal and indirect at best. Howevcr. some of the 
expcrimciital work did conuibute to the undcrstanding of 
the d i sa . e  process. 

For instance. the research revealed or confumed the wide 
intercompanmenlal variance in movement time to 
equilibrdtion, ctc., of body water and electrolytes between 

rionnal arid diseased orgaaisins. Coiigcst ivc hmn failure. 
ascites. and other cxainplcs are cited. In a d d h i .  the 
coiitributioiis such rcscarch has inadc to cli~rificatioii of 
the iionnal stale has bwii of greater importance than 
gcncnlly rwognized. 

What W a s  Known Medically about 
Matters Addressed by This Research 
at the Time It Was Being Conducted? 
While thc discoveries of Becquerel and the Curies were 

made almost a half ceiitury before, the era of isotopes as 
we know i t  really began after World War II. The five 
publications noted above, as well as the other articlcs 
reviewed i n  this docuincnt, grew out of rcsearch i n  
progress from !he lare 1940s I O  the early 1960s. 

the mechanisms of aclion involved in certain disease 
processes and beginning to develop more scientifically 
hased pharmaceuticals. Several antibiotics were available, 
whereas antipsychotics were just being introduced. 
Mercurial diuretics (such as the rnercuhydrin referenced in 
the February 1949 article) were not yet displaced by better 
druss, and effective antihypertensives were newcomers to 
the scene. 

understood, but the potential for ill effects f?om lower 
doses over a l o q e r  period was not generally appreciated. 
Indeed it was rather widely assumed among both 
scientists and clinicians that low-dose exposures were of 
little consequence almost certainly in the short-term and 
probably in the long-term as well. The July 1962 article in 
Progress in Cardiovascular Disease voices essentially 
those sentiments. 

below which risk of injury is zero. Extrapolation from 
effects due to hish doses such as those experienced by 
atomic bomb survivors to those that might result from low 
doses led many to believe that there could surely be no 
consequential effects at low, low doses. Even cautious 
assessors of risk had to acknowledge (as they still do) that 
the lower the dose the grater the uncertainty about level 
or likclihood of risk. 

The state ofknowlcdgc about [he key issues is shown in  
Table 1. It was asainst this backdrop of growing 
knowledge. considerable uncertainty, and somctirnes 
uncxainined assumptions that research reporled in the 
these articles and parallel research involving humaii or 
othcr mammalian subjects was coiiductcd. Whatever 
judgments are made of rhose activiiics should lake all of 
these factors into account 

At that time, doctors were beginning to understand better 

Acute high dose radiation effects were fairly well 

Consensus was lacking as to whether there is a threshold 

7 ‘  
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Is There Documentation That Shows 
Informed Consent? 
This question is not applicable IO lhese studics siiice Lhcy 

did not use human subjects. 

Table 1. What Medicine Knew and Assumed in the Late 1940s lo  Early 1960s 

10h’IZING 
RALlIATION 

ISDIVIDUA 
SUSCEPTIBILITY 

EFFECTISG 
EXPOSURE 

a physical agcnt 
- vs. chemical/biological 
- energizsd particles or high energy rays 
- capable of ioniution 
variable characteristics 
- low- lo high-energy spectrum 
- zero. poor to high-tissue penetrance 
- short to long half-life 

organ specific (somewhat) 
- thyroid 
- bone 
- elc. 

potentially hmrdous  
- wbelher natunl or man-made source 
- to fetus, child, specific tissues 

potentially helpful 
- thenpeutics 
- investigation (industri~Uscientifrc/mediwl) 

increased where cell turnover is npid 
- reproduc!ive/developmental tissues 
- bone marrow, GI. elc. 
somewhat dose dependent 

duntion dejxndent 
reducible in some u s e s  
- lhyroid blocking 

universal 
- gmphysiul envirtnment 
multiple routes 
- I g i c d .  pulmonary, entemd 
- prenlavimplutation 
expsure * contunination 
- exposure possible without conlamination 

Assumed 

Risk of harm unlikely if low- 
energy a p m s  are used. 

Risk of harm unlikely if avenge or less 
susceptibility on part of hrget tissue, 
organ, or organism. 

- contaminaiion noi possible without exposure 
suhjea to shielding 
- e.g- with lead 

subject IO nioniloring 
- ambient environment 
- personal expsure 
dosc-response related 
- aculely 
- chronic expsure  
- high-enersy agents 

Risk of h a m  unlikely if low Josye .  

Isotopic Studies Not Involving Human or Canine Subjects 9 - 



Studies Involving 
Dogs as 

Test Models 

This section coiisists of ciyht reports addressiiig Ihe 
following topics: 

- Group one: pericardial transfer of radioisotopes 

Group two: myocardial uptake of rubidium (Rb- 

(three articles from 1962 and 1963) 

86) and the effect of two medications (two 
articles from 1957) 

Group three: disuibution and decay of two 
radioisotopes (two arlicles from 1950 and 1963) 

Group four: experimental equipment (one anicle 
from 1966) 

Informed consent will not be mentioned because it is not 
applicable to this research. 

m D  0 ne: Pericardial T ransfer of Rad ioi,vofoQes 

What, If Any, Is the Scientific Value of 
the Research on Which These 
Studies Are Based? 
In two of Lhese studies, a ndioisotope was instilled in the 

pcricardial space of the canine subjects to observe the 
tnnsfer of the lest elements across Ihe intact pericardium. 
In the first siudy (Takashina, Lauara. Croiivich and 
Burch, 1963). cadmium (Cd-125m) was uscd because it 
is an i m p o m 1  trace clement in mammals. csscntial to 
cenain c r a p e  functions. The rate of cadmium imisfer 
was noted 10 bc the slowest of any ions prcviously studied, 
and reasons for the slower ralc were postulatcd. This 
research provided information on the pcnncability of the 
pericardium and was referenced in a 1975 study on 
pericardial tamponade. 

Thc later study by Coioniia, Burch. Walsli. aod Diubp 
(1963) wa.. undcrtakcii lo bcrtcr undcrsund lllc hiokiiictics 
ofsclcriiurn (Se-75) io a living syslem. Thcy observed [hat 
scleiiiuin (an essential tridce elcinent) migrdted froin the 
pcricardial space to a variety of o r p n  tissues by an 
uiidetenniiicd mechanism, and indicated thar sclciiiuin had 
a ubiquitous distribution in the body. The rationale for 
instilling sclciiiuin in the pericardium is unclear bccause 
selenium is iionnally taken inlo Ihe body by ingestion. 
Tliis research has only becn cited once since its 
publication, and although coiiducted in a scientifically 
valid way, its conmibution to subsequent research has been 
minimal. 

The third study (Takashina. Lazzara, Cronvich. and 
Burch, 1962b) investjgated Ihe transfer of fluid and 
elccuolytes across pericardial mcinbniics that had been 
rcmovcd from dogs and thus was an in i ivo study; the 
above studies were done in vim. The researchers 
established mernbranc uansfcr cocfficients (k) in iirro for 
D,O, hydrogen (H-3), chlorine (CI-36), sodium (Na-22), 
aiid mayesium (Mg-28); these coefficients were 
compared with known in vivo values. The k values for his  
in vitro model were hi2her than the in vivo values, 
suggesting some membrane differences in  vivo versus the 
living animal. This research was performed in a 
scientifically valid way and provided new infonnatioii on 
the movement of ions and water across the pericardium. 

Did the Research Provide Medicine 
with New and Useful Information? 

in subsequent studies. Although the selenium studies 
provided information on die distribution of selenium in 
dog tissues, other studies perfonned soon after provided 
more pertinent infonnation on the behavior of selenium 
afler ingestion or inuavenous adminisudtion. 

and ion permeability of the pericardium aid provided 
useful background iiifonnation. 

The research with cadmium provided a technique for use 

The third report provided new information on the water 

What Contributions Did This 
Research Make to Patient Care or to 
Understanding of the Disease 
Process? 
Although there is iio direct corrclalion bctuwii this 

research and patient care. the dcvelopcd iiifnnnalion 
cxpaiidcd existing kiiowlcdge about lhe pcricardial 
membrane and assisted subsequenl incdical understanding 
of pcricardial effusion and iampcrnade. 
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What Was Known Medically about 
Matters Addressed by This Research 
at the Time It Was Being Conducted? 
The role of selenium and cadmium as esscntial Vace 

elements was known at the time of this research; thcrcfore, 
the research addressing pericardial diffusion was of some 
value. 

various ions and water across the pcricardiuin was limited, 
the third study discussed was useful. 

Because information coiiccming thc movement of 

What, If Any, Is the Scientific Value of 
the Research on Which These 
Studies Are Based? 

Both of these studies, authored by Love and Burch 
(1957). evaluate the myocardial uptake of rubidium ( R b  
86). Rubidium was considered to be metabolically similar 
to potassium, and canine research was considered 
appropriate before human research to attempt to evaluate 
the rate of uptake and concentration of potassium in heart 
disease. In these experiments, 1-norepinephrine was used 
to increase coronary blood flow and Pitressin@ was used 
to reduce it. Quantification of potassium (K) was based on 
a derived Rb-96K ratio calculated from prior 
measurements of potassium and rubidium in plasma and 
myocardial tissue. 

The study revealed greater turnover of rubidium and 
potassium by the left ventricle when compand to the 
turnover by the right venuicle, as well as differences in 
clearance rates in inner and outer ventricular walls. This 
clearance was increased in all myocardial regions by 
adininismtion of I-norepinephrine and was reduced by 
infusion of pitressin. 

These studies used sound scicntific methods and yielded 
valid sciendfic results that have k e n  reproduced in othcr 
studies in the literature. 

Did the Research Provide Medicine 
with New and Useful Information? 
Thcse studies were important in developing techniques to 

measure regional blood flow and potassium distribution. 
By demonstratin_c that blood flow limits the rate at which 
the rubidium is clcarcd from the system. lhe authors 
developed a ncw melhod for determining blood flow 
distribution. This study is routincly cited as the first study 

to use diffusible indica~ors Io cstimalc blood flow to h e  
suhcndocxdial and cpicardial regions of thc hcart. 

and appcars to set he framework for future iiuclcar 
inediciiic studies i n  inasuring blood flow. 

The mcthodology rcpon has k e n  rcfcrcnccd many times 

What Contributions Did This 
Research Make to Patient Care or to 
Understanding of the Disease 
Process? 
Thesc rescarch efforts have contributed significandy l o  

improved patient care. The two articles combined have 
hcen citcd more than 140 times i n  the litcnrure. They 
paved Ihe way for nuclear medicine applications such as 
thallium scans for detecting coronary artcry disease. These 
studies also coiiuibuted to the development of techniques 
to study myocardial blood flow, to cvsluate the rcaction of 
the myocardium to stressors such as hypotension and 
exercise, and to measure response to medications. 

What Was Known Medically about 
Matters Addressed by This Research 
at the Time It Was Being Conducted? 
These studies confirmed clinical impressions of cardiac 

function and response to medication. They were the first to 
validate myocardial blood flow distribution and to 
demonsmte potassium Iransier. 

What, If Any, Is the Scientific Value of 
the Research on Which These 
Studies Are Based? 
The first anicle (Burch Threefoot, and Ray, 1950) was 

directed at studying the mctabolism of a long-life chlorine 
isotope ( (3-36)  in animals before iu use in humans, and 
publishing the implications the results might have on 
knowledge of elecuolyte metabolism and 'The imponance 
of these observalions in atomic warfare." 
This study determined that one-half of all chloride in the 

body passed in and out of the serum each minute and o i w  
half the entire body store of chloride is renewed every 2.5 
to 3.5 days in the normal dog. The authors' impression 
that as much as 3/7 of roral body chloride was coiilained in  
iritraccllular fluid was not confirmed in subsequent 
literature, which determined that chloride is largely 
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cxcludcd from the invaccllular compartment. This crror 
did not diminish h e  imponancc of the study. 

The paper by Lazzara et al. (June 1963) discussed their 
research in the metabolism of magnesium (Mg-28) after it 
first m n e  available in 1961. This study provided basic 
infonnation concerning Ihe kinetics of magnesium in dogs 
and served as a precursor for subsequent studies dealiiig 
with the importance of magnesium in coronary artery 
disease and cardiac arrhymias, as well as the 
consequences of magnesium deficiency i n  cardiac disease. 

Did the Research Provide Medicine 
with New and Useful information? 

Both studies were valuable in sliinulatiii; funher research 
in their specific areas. The study protocols were uscful as a 
model for later studies. 

What Contributions Did This 
Research Make to Patient Care or to 
Understanding of the Disease 
Process? 
Jnformation on chloride biokinetics and distribution in 

the body contributed to the understanding of salt and water 
balance (fist article). This research has been cited 47 
times in subsequent articles and has important applications 
in human studies of heart failure and h,ypenension. 

The magnesium research is valuable in that it provided 
the preliminary information that assisted in later 
determinations of magnesium’s role in cardiac disease. 
This study has been cited 14 times in the peer-reviewed 
literature and is considered a useful contribution. 

What Was Known Medically about 
Matters Addressed by This Research 
at the Time It Was Being Conducted? 
This basic rcscarch was orizinal in ierms of he  

investigations being performed and hclpcd validate 
existing clinical information. 

cxvaccllular fluid companmcnt was already known; 
however. the rcscarch cffon helped IO begin rcfining 
techniques to study sodium 3nd chloride distribution and 
inctaholism. 

At the time of the chloride rcsmrch. the volume of the 

What, If Any, Is the Scientific Value of 
the Research on Which These 
Studies Are Based? 
The study by Threefoot (1966) discussed the proposcd 

design of an “on-line” scintillator crystal hat  could 
provide prolonged, continuous monitoring and recording 
of radioactivity from either veins or arleries of living 
animals for uptake and lurnover studies or for continuous 
blood volume determinations. A specific experiment was 
not conducted. 

Potential concerns identified by others were related to 
potential for infection and clot formation. 11 was suggested 
hat rhjs des ig  would bc uscful for analysis of urinary 
excretion. 

Did the Research Provide Medicine 
with New and Useful Information? 
The proposed method has several advantages compared 

to the existing requirement for multiple blood samplings: 

multiple samples for counting could be avoided. 

depleted. 

replacement would be minimized. 

Time and effort for collecting and preparing 

The animal’s blood supply would not be 

Circulatory disturbances from blood removal and 

Sampling accuracy would be improved. 

When rhe mcrhod is repeated, chronic blood loss 
would not be a risk. 

What Contributions Did This 
Research Make to Patient Care or to 
Understanding of the Disease 
Process? 
Appropriately implemented. this method could be 

beneficial to humans in a study or iherapy situation where 
repetitive sampling is required. 
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Glossary* 

Arrtiythinia - Any variation from the normal rhythm of the 
hm beat. 

Ascitcs - Effusion and accumulation of serous fluid i n  the 
ahdorninal cavily. 

Cardiac tamponade - Acute compression of the hcart Uiat 
is due to effusion of the fluid into the pericardium or 
LO the collection of blood in the pericardium from 
rupture of the heart or penelrating uauma. 

Compartmentalization - The natural partitioning within 
cells due to the selectively permeable membranes that 
enclose each of the sepmle parts (mitochondria 
lysosomes, Golgi complex, etc.) enabling each part to 
regulate its own contents. 

Deliquescence - The process of undergoing gradual 
dissolutions and liquefaction by the artraction and 
absorption of moisture from the air. 

Deuterium - The isotope of the element hydrosen with one 
neutron and one proton in  the nucleus. 

Edema - The presence of abnormally large amounts of 
fluid in the inlercellular tissue spaces of the body; 
usually applicd IO demonstrable accumulalion of 
excessive fluid in the subcutaneous tissucs. Edema 
inay be localizcd, due to venous or lymphatic 
obsuuction or IO increased vascular pcnneabilily. or it 
inay be syslemic due to hcan failure or renal disuse. 

Edematous - Perlaining to or affected by edema. 

Electrolyte - A chemical compound that when molten or 
dissolved in cemin solvents, usually water, will 
conduct an electric current. 

Epicardial - Pcnainin_r to the layer of scn)us pericardium 
on Ihc surface of the hcafi. 

Equilibralion - The state of bcing hrought irilo cquilibriuin. 
which iinplics a dynamic balancc in  a rcvcrsihle 
clicmical rcaction in  which thc vclocitics in holh 
directions wc qual .  

half-life - The average Lime intcrval rcquircd for oiic-hal[ 
of any quantity of idcritical radioactive atoms Lo 
undergo radioactive decay. 

Infarction - The fonnation of an arca of coagulation 
iiecrosis i n  tissue due to local dcficicncy of blood 
rcsulting from obstruction of circulation to Ilie arca. 

in vitro - Pcrtaining to a biological rcaction taking placc io 
an artificial apparatus. 

in viilo - Pcnaining IO a biological reaction taking place in 
a liviiig ccll or organism. 

Isotopic - Of or relating to isotope, one of two or more 
atoms havinp the same atomic number but different 
mass number. 

Mediasrinum - The mass of tissues and organs scparating 
the two lungs, between the steniuin in front and the 
vertebral column behind. and from the thoracic inlet 
above to the diaphragm below. 

Mercurial -Of or relating Io mercury; a preparation of 
mercury. 

Myocardium - The muscular tissue of the heart wall. 

Myofibrils - A muscle fibril, one of the slender threads 
that can be rendered visible in a muscle fiber by 
maceralion in certain acids. (Fibril: a iniiiuic fiber or 
filamcnt.) 

Nephrotic syndrome - A kidney dbcase chardctcrizcd hy 
massive edcma, excess serum proteins in the urine. 
ahnonnally low albumin content of the blood, and 
pcculiar susceptibility to intercurrent infeclions. 

Pcricardium - The fibroserous sac that surrounds the heafl 
and the roots of the great vessels. comprising an 
external layer of fibrous tissue and an inner serous 
layer. 

* Some definitions from McCraw-Hill Dictiotiary of Scientific and Technical T e r m ,  Fifth Edition, 1994 and Dorlund’s 
Illrtsrrurrd Medicut Dicrionuty, Twenty-Sixth Edition. 198 1 .. 
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Pcricardial effusion - Tlic cscapc of fluid into a part or 
tissue. 

Phannacodpalnics - The study of the biochcrnical and 
physiological effects of drugs and thc mechanisms of 
thcir a c h s .  including the correlation of actions and 
cffects of drugs with thcir chemical suuclurc. 

Rad - A special u n i t  of absorbcd dose, cqual to eiicrgy 
absorption of 0.01 Joulc pcr kilogram. 

Radiation dose - The total ainouiit of ionizing radiation 
absorbcd by material or tissucs. 

Radioelcment - A radioactive isotope of aii elernciit; a 
sample consistiiig of one or more radioactive isolopcs 
of an elcinent. 

Radioisotope - An isotope that is radioactive. 

Sarcolemma - The delicale plasma membrane thal invests 
every waited muscle fiber. 

Serous - Pertaining to or resembling serum. 

Subendocardial - Beneath the endothelial lining membrane 
of the cavities of the heart and the connective tissue 
on which i t  lies. 

Tamponade - See cardiac ramponade. 

Volitilization - The conversion of a chemical substance 
from a liquid or solid state 10 a gaseous or vapor state 
by the application of heat by reducing pressure. or by 
a combination of thesc processes. 
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