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ABSTRACT

- The purpose of the study was to com@are findings
of eleétrocardiograms, arteriograms, and myobardial dis-
persion studies in patients with &hest paino VStudies from
182 patients were reviewed and compeared,

'Findingé from the anterior surface-indicated close
relationships between the abnormal dispersion study and ab-
normal electrocardiographic.and arteriographic findings.
Exsmination of results.from the inferior surface revealed
a disparity of information from the different parameters
indicating poor evaluative tests for this surface. Dis- -
persion study datarfrom the posterior portionAof the myoF
cardium seemed %o foilow arteridgraphic‘predictions, but
resuits of perfusion:studies as compared with electro-
cardiograms were equ.ivocable°

The radioisotopic findings substantiated the assump-
tion that the'patient may have normal of at least viable
myoéardium in the face of arteriographic and/or electrd—
cardiographic abnormalities, Radioisotopic evaluation of
the myocardium has been shown to impart valusble infonmaé
tion about the iﬁtegrity of the capillary bed thatAcannbt

be implied from the electrocardiogram or cineangiogream.
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CHAPTER 1
INTRODUCTION

The diagnosis, management, and prognosis of the
patient with heart disease has undergone greaf'chénge in
the 1ést_thirty years, Beginning with the conceptualiza-
- tion of coronary care units and conﬁinuing with the use
of sophisticated monitoring devices, a whole new approach
to heart disease has developed. New advances in medical
and surgical managemént have produced such gratifying
results that the term "hesrt sttack" doss not hold the
_disﬁal commobation it once did. '

The statistics of death due to atherosclerosis,
however, are still terrifying to us as a nation of prime
genetic znd cultural candidates for myocardial inf_ai*ction°
This hasvresulted in reassessment of medical treatment
for the acute phase of the disease and the development of
revascularization techniques which can stave bff the
immediate effects of arterial stenocsis, However, the
institution of these procedures relies upon prompt,
specific, and reliable diagnoétic infonmationm-,Specifics
of peathology must be recognized in order to'apblj the
specifics of today's refinedtrea’cinentso Clinical'aésess—

ment, electrocardiography, and cineangiography are now

l‘.
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joined by myocardlal radlolsotoplc scanning in the diag-

nosis of atherosclefotlc heart disesse,

Chest Pain

The clinical assessment of chest pain has long
been a thorn in the side of the diagnostician, and the wide
range of possibilities for its propagatioh is narrowed only
by extensive and timelj‘Screening procedures. 'It is gen-
erally the presenting problem in the patient with coronary
-érterial‘diseasey but is rarely uéed as a diegnostic de-

termination in its isolated form.,

Eiectrocardiography

Electrocardiography is & time-honored tool for
diagnosis, but experience has illuminated its weaknesses,
Technical errors in attsinment and evaluation of the EKG
-'may add to the misinterpretation of its‘rathér'gross
representafion of pathology. Previous infarctions, con-
duction defects and subendocafdial or»subepicgrdial
1n3uﬁles may make relisble diagnosis impossible from the
tra cing alone (Wlllerson et al, 1975). Leaboratory values
of enzymes. are added to the information gained from the
EKG, but their significence is only relstive to the more
blatant pdthologles,' Because ofvthelr nonspecificity,

: card;ac enzyme-abnormalities ﬁay be affected by intr&mus;
cular 1n3ectlons, liver, brain, or pulmonary pethology,

or hemoly31s of the specimen,



Coronary Arteriography

Coronary arteriography has been used in.the last
tweﬁty years to document lesions of major coronar& arteries
a8 well as to give insight into the contractile capabili;j
ties of fhe ventricles, |

Improvément of techniques and instrumentetion has
yielded this invasive procedure relatively mortality,
free (.,1%) and has greatly lowered morbidity in the hends
of an adept. cardiologist (Hurst 197h: 377-286)., The indi-
cations for coronary sarteriography have,been-discussed at
- length end are being broadened by advances inicardiovés-
cular'surgeryo The need for the pchedure lies in direct
proporﬁion to how well the clinicisn will be able to apply
its information to the recovery or maintensnce 6£ the pa-
tient (Baltexe 1973: 126-131; Grossman 197h: li-6; Mendel
1968: 2-l1)., Coronary arteriography has come to the fore-
ground 28 an efficient diagnostic tool, though it does.
.1represent only arterial and gross fﬁnctional pathology.
Thereforé, integrity of the afterial bed ét the cellular

‘level still remains a matter of informed speculation,

Myocardial Scanning

Knowledge of cellulaf pathology is notbonly a
metter of interest to the cardiologist in his management
of the acute or chronic cardisc patiené, but determina~

tion of muscle perfusion is of great importence to the



surgeon who may assess-thé patient for revascularization,
Determinstion of the actusl festing myocardial.blood flow
to afeas fed by compromised doronary arﬁeries is ‘extremely
important in evaluating the visbility of that tissue;' By-
pass grafting procedures to éreas distal to occlusions are
fruitless if decreased blood flow has resultéd‘in largé
areas of severély'damaged myocardium. The need for in-
sight into cellular pathology has culminated in sn inten-
Vsive study,»ongoing for the last fifteen yéérs, into
myocardial radioisotopic scanning.,

Radioisotope scanning is the visualization of
masses oxr orgéns as they are illuminated by :adioactive
tracers (Sevelius 1965: 102-117). Refinement of tech-
niques and research intoc its cardiovascular applicability
has been an area of combined sﬁudy by %he nuclear medi-
cine physician and the caﬁdiologist0 Medicine is presently
on the threshold of clinical acceptance of.myocardiél

. scanning as an important diagnostic tool.

Statement of the Problem

What are the relationships between the results of
myocardial scanning, coronary arteriography and electro-

cardiography in the patient with chest pain?

Significance of the Problem

The use of myocardial scammning has been proposed

as a more precise diagnostic tool in the process of



evaluation of heart dissase. Whether the inforﬁation
gleaned from myocardial scanning is accurate and sppli-
céhhaorrnot ﬁust be asseséed through correlation bf its
results with presently used diagnostic tools. Ultimately,
how useful the information has been to the éardiovascular
surgeon must be assessed, Medicine is currently involved
in thé-search for a tool that will give it detailed infor-
" mation on whiqh to base a more accursabte treatmenﬁo'
Patients who underwent this diagnostic workup were
selected primarily for their presentation.of.chest pain to
- the clinician, The nurse's observation and intervention |
of chest pain is important in the diagnosis of heart
disease, Accordingly, her role in teaching and prepara-
tion of the patient during and after his series of tests
. 1s dependent on her underst&nding of the separéte and
comblned 51gn1flcunce of the procedureso |
Nursln s a profession must 1ﬁvolve 1tself with
medical research, not only for the enhancement of its
' clinicalvapplication, but for the promotionvof mirsing

knowledge as a whole,

Purpoze of the Study

The purpose of the study is to assess the results
of«myodardial-isotopic scanning in patients with chest
pain who have also undergone coronary arteriography saad.

electrocardiography and to report on the relationships
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Vbetween these procedures, Examination of the relation-
ships between these diagnostic tools‘is prompted by e
' following quesﬁions: |

1. How does the information from the dispersion
studies compare with what is already knownfabout the
nyocardium from slectrocardiogrephy and cineangiog-
raphy? ,

2. Does it clarify or substantiate the findings
of the older paramebters?

3, If the scan is not in agreement with informa-
tion from the electrocardiogram or cineangiogrem, is
it a valuable and reliablevsource of inf;rmation-

about the cellular inbtegrity of the myocasrdium?

Theoretical Framework

Coronary arterial occlusive disease as a result of
1ipid deposition is historically variable from person to
_persono Sﬁbintimal'accumulation of cholesterol and cho—' 
lesterol salts and their subseguent calcification, in
addition to fibrotic and dynamically ihduced'changes in
ﬁhe vessel walls usually oocuré-over & period of-many
_yéars° This results in the progressive narfowing of
arterial lumen by thickening'of the vessel walls, Accumué
lation of these intimal piaques evéntﬁaily 1eads.to Ilumi-
nal invasion, where platelet aggregation increases the |

size of the obstructive lesion (Hurst 197L: 996-1000),



The aves of arterial occlusion is dependent on
anatomical size and configuration, but is generally not
predictable, What we know of the outcome of arteéial
occlusions in the thres ﬁain brenches is unfortunately
quite predictable, however,  Though embarrassed or asbsent
blood supply to the myocardium rmust result in muséle damage
to a greater or lesser degree, all three vessels .do not o
carry the same im@orﬁ in terms ofrfunctional sigﬁificance
of the area perfused. Isolated occlusion of the right |
coronary artery holds the best long term survival rate,
. while similar disease of the left enterior descending or
the circumflex share a much poorer prognosis (Webéter,
Mobefly, and Rincon 1974). The most lethal single arterial
occlusions have been found in ﬁhe main trunk of the left
coronary artery, topped only by triple’vessel disease or
the combinétion of the right and the left main btrunk belng
occluded'(Helfanﬁ,'Kemp, and Garland 1970; Webster et al.,
197h) .

| ' The salvabtion of the myocardium that has the mis-
fortune of being fed by a severely occluded arterial tree
is the spreed of collateral vessels, The outgrowth of
collaterals seems only to occur in disease states where
myocardial oxygen demand exceeds arterial'blood supply
- (Hood 1971)0 Thus, stenotic lesions of the coronary
arteries may not produce injury to %he proportion that

might seem imminent because of collateral arterial
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complement to the'affected.areao Thbugh good collaterali-
zation may not make a differgnce'in the gross clinical
picture of the injury (as measuredtby stress'testing),'it'
is assumed that its presence helps to maintain part of
the muscle’s funciional integrity (Knoebsl et al, 1972)07

Distal to arteriai oceclusive lesions, arteriolar
dilatation occurs in response to tissue oxygen deficit
(Guyton 197hs 361), .Coliateralization does improve.
arterial supply, however, and this provides a,dégree of
dilatory reserve to the distal vasculabure (Knoebel and
Rasmussen 197lL). If cellular hypoxia is not ameliorated
by changes in arteriolar tone, aerobic metabolism and its
efficient production of energy is terminatéd, Glycolysis
continues as the only energy-producing function of the
cell, as the oxidative processes of the citric acid cyele:
are defunct without the contribution of oXygen to %the
“mitochondria, Though the rate of glucose'uptake is aug-
mented, enérgy made evailable ﬁhrough enaerobic glycolysis
is only 20 percent of that derived from. oxidative phos-
phorylation (Fritz 1975). Decreased delivery of glucose,
free fatbty acids, amino acids, and.ketones for energy
- producfion is noted with hypoperfusion of.anj degree,
Cellular metabolic products, sﬁch as potaséium¢ hydrcgen,
'and lysosomal. enzymes are not removed and their presence
eventually depresses mebabolic and functional processes.

(Amsterdam 1973).
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The resultant functional‘defects have been sbtudied
not oﬁly in the light of negative inotropism caused by
 ce1iﬁ1ar acidosis itself, but also as to how =zcidosis can
displace calcium from its binding site on troponin, again
‘decreasing contractility. Whether the acidosis is caused
by iactate production or increaséd hydrogen ion concen-
tration, the decline of inotropism is initially a means
of conservation of energy stores in the ischemic myocardi-
um. With continuation of the hypoperfused state, however,
the benefits -of low metabolism are traversed and cellular
djsfunctibn deteriorates to rigor (Katz 1973, Marchetti
and Taccordl 1967:; 36-37). It has beeﬁ stated that hemo-
dynamic impairment is directly related to muscle mass |
in.volvemen'b° Therefore, when 20—25 percent of the left
ventriculer muscle mass is involved, the normal myocafdium
cannot continue to campensate, resulting in:incréased end
diastolié pressure and deéreased cardiac out?ut (Amster-
dam 1973).

Clinically, bthe first problem to be dealt with by
the physician and the nursé is ususlly the élassical sSymp-
tom of angina, Though this process is not completely
understood, it is felt that the cellular acidosis, in
addition to accumulation of histamine end kinins in the
underperfused area,»stimﬁlates localized nerve’fibers°
\Impulses carried through these fibers travel through the

sym@atheﬁic system to the second, third, fourth and fifth
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thoreacic spinel nerves {(Guyton 1971: 58L, Rushmer 1970:
261). Peain is thus referred not only to. the anterior
4chest, but also'may_radiaﬁe to Tthe bése of the neck, the
shoulders, ané to the arms, The assessﬁent of chest pain
is dependent on S0 many variables that consistent diag-
nosis of true angina may be quite elusive. Therefore,
electrocardiography end arteriography are depended upocu
for confirmation of the clinical picture. Though thers
are rare instances of myocardial infarction in the pres-
ence of‘normalvcoronary arteries, the greatAmajority of
.myocardial'pathology can be ascertained by these pareame-
ters (Brest et al. 197l, Friesinger and Smith 1972), '

When ph&siologic damage occurs iﬁ ﬁhe myocardial
cell, electrical potentials of the cellular membranes
are reversed, The proportion to which this occurs is -
~dependent on the degree of injury inAthat particular
area, Alteration in electfical potentials is recorded by
- the electrocardiogram esnd serves as a gross sbtabtement of
pathology (Goldman 1970: 1 -1h5)., Interpretationiof the
discrete QRS and ST segment éhangss by the cardiologist
is added to the information scouwmlated in assessment snd
blood work, 7 |
| Visualization of the coronary erterial tree by
angiographic.examination should be preéent down to a
lumen of 100-200 micrometers. Wibth this degree of

opacification, occlusive disease should be spparent if
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it obstructs more than ten percent of a vessel lerger
.than'one'millemeterr(Hﬁfet 197h: 380)., This information
'ie invaluable.to the physicians who are dealing with the
medical and sﬁ'rgicel management of the petien‘c (Baitaxe
1973: 10-l1). Xeeping this in physiological perspective,
it is known that as a coronary artery becomes increasing-
1y occlﬁded, the portion distal to the occlusion beeames
inereasingly dilated, as are the collaterals feeding-the
area, due to cellular hypoxia, Therefore, the reserve
capacity of the artery to dilabte in response Lo increased
,n@tabolic work is diminishedo A 60 percent occlusive
- lesion of a major coronary artery is thought to deerease
the myocardial reserve capsbilities by 50 percent., The
significance of an 80 percent occlusion or more is there-
fofe inductively representative of severe myocardial

embarrassment (Grossmen 197l: l-6).

Limitations

1. The collatersl patterns were not assessed by
the scans, as-99mTechnecium-labelled Humen Albumin Micro-
spheres or Macroaggregetes of Albumin were used for'beth
injecﬁioh; end computerization was not avaiia.blea |

| 2. Mnterior, right enterior eblique (30055 left
anterior oblique (300),’end left ieterel views were taken

of 21l patients, rather then lesser degrees.
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3. .Po ssibility of oboervef mlslnterpretatlon |
"cannot be execluded.
L. Techniceal problems sssociated with mechanicéi,
bhotographic, and positionsl influences may not provide.

optimal conditions,

Assumptions

Informetion from the charts was felt to be reli;
sble in 2ll instances for the following reasons:

- 1. HNurse's notes and the doctor's history snd
physicél or progress notes correlated as to the type of
éain experienced;

2, EKGs were inberpreted by two cardiologists
and‘disparities were settled by adding a third opinion,
All EKGs of the adnlsSLOn during which- the myooordlal
scannlng took place were reviewed,.

3. Clneanglography reports by the radiologist
end the cardlologlsn who did the cauhetevlzatlon were
consolldated |

L. The myocerdial dispersibﬁ,studies'were
iﬁtérpfeted by'two ﬁﬁclear medicine physicisns and their

joint opinions appeared on the report,

- Definitions

, Anginé Pectoriss Subjective pain that is lo-

cated in the enterior chest end msy be radiated to the
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epigastriun, Shoulders,,arms,_neck, or backsin:the' |
petient with heart disease. |

Electrocardiography: The recording of electrical
potentials of the heart as interpreted by s cardiologist,

ﬁcorénary Cinesrteriographys The visualization of
the coronary arterial tree by injection ofvcoﬁtrast ma-
terials into the left end fight coronary arterieS‘and
céptured by video tape filmihgo | |

Myocardial Dispersion Studies: Intravenous,
intraarterisl or intracoronary injection of a radio—
nucleide that either microembolizes the capillary'system.

or is taken up by the myocardial cell,



CHAPTER 2
REVIEW OF THE LITERATURE

The volumes written on the clinical,'electrb-
cardiographic, and cineanglographic diagnoSis‘of'heart
disease will not allow a worthwhile—éummary in this dis-
cussion; I have, therefore, dealt only with the literature
evolving ardund the most recent diagnostic tool, myoéardial
dispersion studies, |

The definition of'nuclear médicine is broad as
stated in the introduction, but cardiovascular nuclear
medicine in itself covers a wide rangérofAdiagﬁostic pro-
cedures, each bringiné further undefétanding ofvheart
disease to l’ighto Chronological developmenﬁ of cardio-
vascular nuclear medicine is discussed as it 1eads to the
technique of albumin particulate microembolization,

All tracers used in nuclear medicine contain radio-
active eiémehts that have unstablé nuclei, which, in their
search for stability, emit.energized particles or energy
(Thompson 1973: 299). The scintillation camera records
this radioactivity on an oscilloscope and photogfaphs the
image to produce the isotope study (Stréuss, Pitt, and James
197h: 9-10). Selection of the radiolsotope to be ﬁsed is

dependent on what is to be visualized, the invasiveness

1l
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of the administfation procedure, aﬁd what'faciiities are
‘available for the study (Cannon 1975). |

The use of radionucleides in the imsging of the
myodardium.was introduced as early as 1952 by Ygtes in
rhis dog experiments with 32p, The potential of the pro-
cedure was recognized by Carr and was applied'to myo -
cardial study in man in 1962, using 86Rb, which is taken
up by thelmyocardial cell as a potassium'analogo» Its
distribution is a function of capillary blood flow andx‘
the normal active transport process of the cell, Dimin=-
ished blood flow therefore decreases cellular uptake of -
the radioisotope (Cemnon 1975). This conoépt was built
upon in two years‘when Carr and later others (Collier
et al, 1968: Himes, Worth, and Smith 1965; McGeéhan,
‘Rodriéuez-Antinez, and Lewis 1968) used 13144 for visu-
alization of infearctions as deficité in uptake.

A parallel to mybéardial scanning had been initi-
eted in 1958 that must be mentioned as it relates to the
A growth'of cardiovasculaf nﬁclear medicine as a whole,
Radioisotope tracers were being used for visualization
of the cardiac blood poolo This infonmatibn was compared:
to the radiogreph of the cardiac silhouette 1in the diag- _ 
nosis of pericardial effusion (Strauss et al, 197l 108),
This diagnostic technique is felt to be the most widely-

used heart-related radioisotope study today. Not only
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_ pericardial effusions may be visualized, but new develop-
“ments in éngineering allow measﬁrement of musclerdysfunc~-
tion and ejection fraotions (Aéhburn e’tkal° 1971, Strauss
and Pitt 1975). With the cardiac blood pool supplying
information ebout the muscle hemodynamics and the perfusion
study giving insight inﬁo the cépiliary integrity of thé |
myocardium, the cardiologist has a detailed understanding
~of the“patient?s pathology.

Myocardial scanning is based upon thé premise
that distribution of the tracer in the muscle is pro-
portional' to the blood flow in that area. Functionally,
there are threé types of tracers that have been used.
Intravenous injection of radionucleides, such as u3K or'
131¢s arve sélectively taken up by the myocardium. Second
are the diffusible indicators that are injected intra-
venously or intracoronary and measured as they make their
guick transit fhrough the capillary bed., Biodegradable
particles are the third type of madionucleides used, and
these are aléo injected intra§oronary or into thé afterial
side of the hegrto These do.not pass the capiilary filter
and remain“in.théwmybcardium_fdr a longer time, allowing
leisurely visualization (Strauss et al. 197l: 16L4-165).

Generally, the first group of scanning agents -
mentioned includes isotopic.potassium, cesium; rﬁbidium;

thallium, ammonia, and oleic acid., These agents are
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incorporated_into the normalrmﬁscle,-revealiﬁgwareés-of
diminished perfusion as low isotope uptake on th91scaﬁ
(Bonte, Grshm, and Moore 1973; Botti, MacIntyre, and Prit-
chard 1973; Termini et ala_l97lp)o MBK has been the most
frequently used radioisotope, as 70 percent of it is cleared
from the coronary arterial blood at each passage. It does;
therefore, require time—dependent scanning. Mbst.of the
studies using this traéer have been involved in séress-
testing in seaﬁch of the exercise-ischemic heart (Strauss et
al;-19735 Zaret et al. 1973a). Eﬁaluation of the pre- and
post-bypass surgical patient has used this method also, It
~has been proven beneficial, esﬁeciaily because of’its non-
invasiveness, if the proper time-imaging techniques are
aveilable (Cannon 1975, Zaret et al, 1973b, 197L).

The second group brings new termihologj into this
discussion. These agents are taken’up.seleétively.by the
'.freéhly infarcted area to show a "hot spot!" of injury on
“the backdrop of normally functioning myocardium (Zaret,
Pitth, and'Ross 1972).. The isdtopic forms of gallium,
stannous pyrophosphate, tetracycline, chlormerodrin, and
mercury hydro#yflurosciens‘have been used (Strauss ét al,
1974: 150). Gallium localizes in aﬁy aresa of inflarmatory
- reaction (Kramer et al, 1974), while pyrophosphate is
attracted to the calcium in mitochondria . of irréVersibly

demaged myocardial cells (Willerson et al. 1975). The
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mercurial agents are felt %o intéract with the denatured
proteins of infarcted tissue (Zafet et al, 1972). -Initiai
attempts to use tetracycline were hindered by its_instabil-
ity,rbut stabilization of the 99mT6—labelled tetracycline
:provided its use as an infact sequestered radionﬁcleideu
Its;presence in the inférct may be.seen for around seven
days (Holman et al. 197L, Strauss et al, 197h: 226-229),
From insight gained in human lung perfusion
scanning, evaluation of the same technique for micro-
embolization of the myocardium was begun. Injection of
10-60 micron albumin particles into the arterial circﬁla-'
tion of the heart results in their temporary lodging in
a préﬁapillary or capillary vessel, Macroaggregates of
Albumin [MAA] labeiled with 1311 6r 99M7¢ were the first
to be used, but their wide variation of particle size was
. disadvantage. Human Albumin Microspheres [HAMjrweré
foﬁnd to be of more uniform size, end have come into
popular use, though both radionucleides are still used.
As these particulatés travéllthrough ﬁhe arterial tree,
-théif‘distribution is felt to be representative of blood’
flow to that area, This'infprmaﬁion must be integrated
- with the mass containing the particles, accomplished ﬁoA
a degree by picturing many different views of the isotbpic
perfusion (Ashburn et al. 1971). The albumin particles
are eventually metaboiized afterbphagocytosis at the cagpil-

lary ILevel (Wagner et al, 1969).



19
FPor esach muscle fiber in the heart, there is a

2 cross-—-

corresponding capillary or about L, 000 pér mm
sgectional area. By‘control of the number of‘injeeted_
pértiéles, microembolization does nét impair myocardial
function (Weller et al, 1972), By modification of labeling»
beclmiques, MAA and HAM particles have been reduced in
number., Preparation and dosage vary, as does the carriswr,

& saline solution initielly used waslreplaoed by a con--
trast medium to assure catheter placement upon injection

by some investigators (Strauss et al. 197h: 213).

The permeation of the tracer in the patent left
éordnary; artery covers the majority of thé‘anterior and
‘posterior left ventricle and all of the base and lateral
surface,  The particulate perfusion in the right coronary
artery is minimal in the.anterior surface of the right
-ventricle prior to the take-off of  the posterior descend—
fing braného From this bifurcation, however, there is
" intense accumulation of the albumin fadioisotbpe (Tansen,
.Judkinsgvand Grames 1972)., Observation of radioaoti#ity
from the right and.left goronexry injections may be further
undefstood by the é&ministration of a vasodilating agent
(Gould et al. 1974). | | |

By the advent of the 70s, the importance and applica-
tion of scanning the myocardiﬁm was already recognized as in-
dicated above, Endo et al., (1970) and Ashburn et al, (1971)
used MAA lsbeled with both the 131T and 99MTc for their
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first human studies and found their results to be diag-
nostic of expected disease, Endo and assoclates were
satisfiéd that their scanning could ﬁolafify the severity,
site,.and range of ischemia,“ though their population was
small; .Using a 1arger_group; Ashburn and associates found
seven normal myodardial sc#ns (of 29 studied)'which corre-
lated with normal to insignificant occlusion (less than
50%) on angiographyo‘ Abnormal perfusion was noted in all
cases of 75.percent occlﬁsion or more, Both studies re-
vealéd a wide veriance in capillary perfusion diétal to
similer obstructive lesions, pointing out the inability
to surmise muscle involvement on the basis of arterial -
ocelusive disease (Ashburn et al, 1971, End.ofet‘alo 1970) .

Even in these initial studies, complications were
negligible, and no ST segment changes were notédo It was
felt that the rare instanceé‘of-ectopy and transient EKG
changes were seen in onlj thelworst7intrinsic pathologio.
states, Total time of cardiacvcatheterization isvexteﬁded'
by five ﬁinutes, and the scanning procedure takes no more
thean half an'hour (Ashburn et al, 1971; Jansen, Grames,

and ‘Judkins 1973; Weller et al. 1972). |
| . In Jansen et al.'s study (1973), the refinements
of computer science augmenﬁ thefrelevance of the data,
By using two indicators, 99mTo MAA in the left coronary |

and 1311 MAA in the right, color coding for each provided
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not only specificity of disﬁersion, but perception of
.collsateralization from one artery to the other, Of the
LLOO patients studied, I8 percent of the units had normal
perfusion in the faée of normal (less than 60% occlusion)
arteries, Of those wiﬁh é critical stenosis (more than
60% odolusion), 13 percent had normal perfusign; The
group_with nofmal arteries and asbnormal perfusion (3%
of_arterial-units»studied) were listed as flow defects
or thought tb'have had incomplete injections. Patients
with arteries affected by critical stenosis who had ab-
normal perifusion totalled 9 percent‘of the units, Normal
perfusion distal to complete bccluSion was seen in 11 per;
cent of the arteriel units, as weré those with complete
occlusioh and abnormal perfusion., Collateral pétterns
were studied -as mentioned and yielded a freéuent pattern
of complete occlusion of the right coronary with éollatefal
perfusion to the posterior descending and posterior lateral
branches from the septal branches of the left anterior
descendiﬁg-érteryo Augmentéd perfusién to fhe right ven-
tricular wall (which is normally minimally perfused) was
repeatédly seen in complete df critical occlusion of the
right coronary artery. The use of myocardial scéﬁning in
this~stﬁdy further substantiates the opinions of previous
investigators that it‘is an important evaluative tool when

coupled with other diagnostic procedures,



CHAPTER 3
METHODOLOGY

In an attempt to provide descriptive infofmation
that wiil be clinicélly épplicable four paraméters of the
patient’'s diagnostic workup were entertaiﬁed and compared.
These ﬁere: - the c¢linical assessment of chest pain, the
electrbcardiogram, the coronary arteriogram, and the myo-

cardial scan or dispersion study.

Research Design

This is a déscriptive study seeking the relation-
ships between EKG?S, arteriography, and myocardial scans
in patients with chest pain., Charts on all patients listed
as having myocardial.scans were the source of»ihformation
recorded on the tool, Chest pain information was taken
from the nursefs notes, the doctor'ts hiétory and physical,
and the progress notes, EKG reports were combined to re-
cord one interpretation. 'Cineangiography reports by the
‘cardiologist and radiologist‘provided information for that

-portion of the tool,

Thé Tool
The researcher-designed tool allowed concise col-
lection and tabulation of the data, A copy of the tool is
| - 22 o
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found in‘the Appendix;.'The tool was divided inﬁo'fouf
parts of data collection: chest pain, EKG's, cineangiog-
raphy, and'myocardial scans, These will be discussed

individually,

Chest Pain |

Though different types of classification of angina
have been noted in the literature, their application did
not suit this discussion. Heart disease was not known to
be the initiating factor of chest pain in all the patients
of this study. - Therefére, nurse's nétes and doctorfs ad-
mission. and progress noteé were monitored for reference to
bhest pain and the description of it pléced into one of -
threé categories: (1) resting angina, (2) exertional

“angina, and (3) atypical angina,

Electrocardiogram

The basis for EKG interpretafioﬁ goes béck to the
electrical.changes in the cell'cauSedzby hypoperfusion, |
During ceilular.depolarization, when normal.reversal of
electrical forces should result in negativity éutside the-
cell and positivity inside the 6611, pathology causes the
‘opposite to occur, The EKG recégnizes not only a.positive
deflection from the area of injured muscle, but due to pqor-
potentiation of impulse through this area, sees a pfolonged

deflection that merges into the repolarization phase (Sodi
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Pallaves 1956: 69-101). Myocardium that is infarcted is
“electrically dead to the electrocardiogram, and if the
infaret is transmura1, al1ows the electrode oriented to
the,aﬁea'té record activity on the wall oppoéite-tb it
(Schamroth 197l 61—81), ‘Q waves, elevated ST segments,
and inverted T waves are the more obvious signs'of myo -
cardial pathology,‘ Minor deviations of these parsmeters
mey be interpreted as hallmarks of heart disease by the
experienced electrocardiographer.

Though recorded separately, the data from the EKGs.
grouped injury and ischemis together; and infarct and
aneurysm wére combined for data anélysis. Pericarditis
and hypertrophy were recognized separately, but were listed .

- under mechanical defects,

Coronéry Arteriography
.' The Judkinsvtechnique using the right femoral

artery'allowed injection of the coronary arteries in most
cases, Video tape filming of the procedure for review and
good resolution of the film aided in proper diagnosis of
arterial disease, Occlusion was designated as significant
Cif 75 percent or more of the lumen was comproﬁiSed{.-In—-
- cluded in this group were those with complete occlusions,
If aneurysm was noted onrfhe ventriculogram, it was listed

separately, Valvular lesions were also listed Separately°
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Myocardial Scans

A Serle Radiographics-Gamma Camera was used through-
out tﬁe study. The resolution of this camera waQItwo centi-
meters, so it was necessary to inject the rather high dosé
of six millicuries of the radionucleide (99mTc HAM or MAA)
into each side, ‘giving appfoximately a 60,000 particulate
distribution to the right and left alike, The reports of
ﬁhe scans were divided into four parts: (1) normal perfu-
-_sion, (2) obscure defect, (3) abnormel perfusion, and (l)

one injection (1isted under the artery injected).

Data Collection

Charts were reviewed of patients who had~diag—
nostic workup between January 30, 1973 and October 1, 19750,-
Their EKG's, coronary arteriograms, and myocardial dis-
persion étudies were collected and reportedo The history,
physical, and nursés' notes provided information about
Chest pain, (Each test wés indiVidually reviewed by the

author, ) -~

- Population and Sample

Names of patients who underwent myocardial dis-
persion studies were collected from the Nuclear Medicine
Department of Sﬁ; Mary'ts Hospifal and Health Center,
Tucson, Arizona, All those patiénts who had EKG?s,icine;

'angiography, and the scenning procedure were studied,
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Those patients who had an incomplete injection of the

tracer were eliminated from the studyo

Proposed Analysis of the Data

Patients were separated iﬁto-groups showing normal
enterior scan and sbnormsl anterior scan, normal inferior
scan and abnormal inferior ecen, and normal posterior
scan and'abnormal posterior scaﬁo’ The’percentage of pa-
tients in each group who also showed selected electro-
cardiographic and srteriographic varisbles in the assoclated
areas was found. The percentage of occurrence of each vari-
able associated with the dispersion study will be eompared

to results of other studies,



CHAPTER I .
CHARACTERISTICS OF THE SAMPLE

The population Was composed of 188 men and women’
who wefe patients at St. Mary's Hospital and Health Center
between Januery 1, 1973, and October'l,,1975o Six patients
were eliminated from the study due to incomplete injection
of the radioisotope, leaving a total of 182 patients.
Their sge range was from 23 to 80, with a mean age of 53,
Each patient had.presented himself to the cardiologist
with a history and/or symptoms suggestive of heart disease.
Each patient had one or more electrqcardiograms, and eéch
' patient underwent coronary arteriography and a myOCardial
dispersion study. Patient information was collected on
the researcher4désigned tool and claséified according to
type of pain and electrocardiographic, cineangiographic,
and radioisotopic scan findings. The number and per-

centages of each of the variables_are,presentedﬁin Table 1,

27.



Table 1.

CHEST PAIN

Resting 32# N = 61
Exortional jii* N = 82
Atypical 2i/e N = 39

EKG

Infarct

Aneurysm

Injury

Ischemia

ifyportronhy 8.0% N=15>

Mo Patholorrv 39.9% N=7*
Subendocardial 13.0% N=26

MYOCARDIAL SCAN
(nros i'od by)
MoITVJI Perfusion
Abnormal Perfusion
Obscure Defect

No Injection

CINEANGIOGRAPHY

Complete Occlusion

Over 00%

Under B0

Aneurysm 5.9%

No Pathology

Dilated Mitral Annulus

or Mitral Prolapse 1U.9% N=28

anterior anteriolateral
13.3% N=25 1.1% N=2
1.6% N=3 - 0 N=0
2.7% N=5 1.1% N=2
1.6%N=3 0 N=0

LAD

60.1% N=120

23.k% N=Uh e . -
3.2% N=6

eliminated N=5

LAD

11.2%

27.1%
11.7%

N=21
N=51
N=22

L6.8% N=88

Information According to Findings of Electrocardiograms, Arteriograms,

and Myocardial Dispersion Studies in Patient Charts

inferior posterior
13.0% N=26 3.7% N=7
0 N=0 0 N=0
1.1% N=2 0 N=0
8.0% N=15 1.1% N=2
Right Circumflex
71.0% 11=135 7k. 5% N=l11j 0
20.2% N=30 17.0% N=32
1.1% N=2 1.1%N=2
eliminated N=B eliminated 11=6
Right Circumflex
I1S.1d N=29 6.hfo N=12
13.0% N=26 ul'% N=2?
11.2% N=21 9.0% N=17
55.9% N=105 67.6% N=127



CHAPTER 5
PRESENTATION AND ANALYSIS OF DATA

Diagnostic information from the électrocardiogram
end érteriogram has in the bast provided valuable informa-
tion about the heart which has guided the physician in his
treatment of the patiénta The advent of myocardial scan-
ning has been proposed as 'a method fof gaining more specifj'
e information about the myocardium at the microvascular
leveloi To determine how this information agreed with pre-
vious findings of the electrocardiogrem and arteriogram,
percentages of these varisbles in the presence of scan
reports were thained° |

Table 2 presents the percentages af patients with
" chest pain at rest, exertibnal chest pain, and atypical
chest pain who had normal or abnormal myocardial dispersion

studies.

4
7

Table 2, Reports of Pain Associated With Findings of the
- Myocardial Scan

Normal Scan , Abnormel Scan
Lad % Right % Gire % .Lad % Rignt 7'lec 7

Pain at Rest 62,3 60,7 67.2 3Lh.L 31,1 26,2
Pain on Exertion 68,3 82.9  79.3 24  13.5  15.9

Atypical Pain  87.2 76.9 87.2 7.7 20.5  T.7

29
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4Examination of the percentages of chest pain at
rest showed surprisingly high perbentégésidf patients to
be associated with normal myocardial.dispersion studies,
A major part of this percentage included patients who wers
resuscitated beforé or upon admission.to the emergency room
and were arbitrarilj put in.fhis classification because of
their poor condition. These arrests were frequently due to
arrhythmias in the acute stage of infarction or even ische-
mia, before the total picture of muscle damage could be
realized by scan, Therefore, the sevérity of the situation
may not have dictated the severity of the diseasé present,

Many pafients with chest pain on exertion proved
to have normél myocardial scans, Inberestingly, a very
high number of patienﬁs had normel inferior scans in the
face of exertionsl pein, whereas fewer showed the same
findings in relation to the anterior surface. High per-
centages of patients with atypical pain showed no myocardial
scan abnormalit%;’o |

Tables 3, l, and 5 present the percentage of pa-
tients who had electrocardiogfaphic and arteriogrephic -
findings associated'with either a normal or.an abnormal
myocardial scan of the énﬁerior, inferiﬁr, and posferiorl
surfaces, o

The information from Table 3.demonstrates anﬁici—

pated outcomes to a certain extent, There were a few

patients who had normal anterior scans after having an
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Table 3, Percentages of Patients With Anterior Myocardial
Scanning Normality or Abnormality Who Display
Associated BKG or Cineangiographic Variables

Normal Anterior Abnormai Anterior
Dispersion Study ‘ Dispersion Study
(o4 (]
BKG
Anterior MI ‘ .3 38,6
Anterior Ischemia 12.5 6.8
Normal ' 50,0 11.h
"CINE
Total LAD 3.5 38.6
Over 80% 25.0 36,1
. Under 80% 1.1 2.3
Normal 57.8 22,7
KEY:

BEKG = electrocardiogram

MI = myocardial infarction

CINE= cineangilogreaphy

LAD = left anterior descending artery
Over 80% = over 80% occlusion of LAD
Under 80% = under 80% occlusion of LAD
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Table lp. Percentages of Patients With Inferior Myocardial
Scanning Normality or Abnormality Who Display
Associated EKG or Cineangiographic Varilables

Normal Inferior Abnormal Inferior
Dispersion Study Dispersion Study
(¢} (v

- EKG

Inferior MI 8.1
Inferior Ischemia 9.6
Normal ' 8.9

CINE

Total Right 8.
Over 80% 13,
Under 80% 11,
Normal - 65,

KEY:

EKG = electrocardiogram

MI = myocerdial infarction

CINE= cineangiography

RIGHT= right coronary artery _
Over 80% = over 80% occlusion of Right
Under 80% = under 80% occlusion of Right
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Table 5, Percentages of Patients With Posterior Myocardial
“ Scanning Normality or Abnormality Who Display '
Associated EXG or Cineanglographic Variables

Normal Posterionr Abnormal Posbtberior
Dispersion Study Dispersion Study

(4 . (+]

EKG.

' Posterior MI 0.7
Normal L8.6

CINE

Total Circ - 2
- Over 80% 12
Under 80% 6
Normal : 79

KEY:

EKG = electrocardiogram
MI = myocardiel infarction
CINE= cineangiography
CIRC= circumflex coronary artery
‘Over 80% = over 80% occlusion of circumflex
Under 80% = under 80% occlusion of circumflex
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anterior infarétidno' It is noteworthy that ﬁormal anterior
scans did nolt show higher normal electrocardiographic or
arteriographic percentages, 7'

The data in Table l. reveals rather low percentages
of patients with anticipated arteriogram and electrocardio-
gram results both_in the normal and abnormal aspects of the
myocardial scan;‘ Though 65 percent of patients with nor-
mal inferior scéﬁs had no. corohary arterialvdiseaée only
8.9 percent had normal eléctrocardiogram'so Of patients
with abnormal inferior dispersion studies, h2.1 perceﬁt
had inferior infarcts by electrocardiogram, but a high 18
pércent had no electrocapdiographic abnormality at all,

The angiograms showed consistent relationrbétween normal
. vessels and normal scans, abnormal vessels and abnormal
scans, o

Table 5 demonstrates percentages of patients with-
normal posterior scaﬁsAto be small in respect to electro-
‘cardiographic or arteriographic-pathology° Of patients
" with abndrmal posterior scans, oniy 9.l percent had asso-

ciated posterior infércts, a éurprisiﬁgly.small number,
Vsince theré.were also 9.l ?ercent who had normal electro-
cardiograms in this group. A.cofresponding picture'is‘
seen in the angiograﬁhic reports where more patients had
normal circumflex érteries than totally occluded arteries

in the face of an abnormal posterior scan,
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CHAPTER 6
INTERPRETATION AND DISCUSSION

The high percentage of paﬁienﬁs‘aisplaying chest -
- pain at restrwith normal myocafdial scansfhas»been postu~
lated to be due to inclusion of patignt$ who~eXperienced
cardiac arresto. Another reason for the prevalence of pain
at rest with normal scans may be that the patient with
..cardiomyopathy,or valvular disease may have no localized
perfusion defects but still have a dilated, decompensated
héart° The_dispérsion study recognized size and dilabion,
but theée comments were not included in this study.
The high number of patients with exertional chest

pain who had normal scans supports the theoretical basis .
of stress testing. If pain is indeed associéted with
exercise only, the assumption that perfusion defects are
present only at this time and then return bto normal seems
valid., That at least 68 percent of these patients had
normal myocsrdium upon scanning (at rést) points out their
potentia1 bénefit from bypass graft surgery.

| There were many patients with atypical pain who
had no sbnormality seen on thé dispersion study., This
group of patiéntsvinclﬁded 29 people who had either dilated
mitral annulus or leaflet prolapse snd 16 who had other

. ( _

. valvular pathologies.,

35
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A1l of these statistics seem to point Qﬁt the need
for improviﬁg our‘historical and éubjebti&é asSesSmant'of
‘chest pain., Cert ainly the arbltwary Cl&oS‘flC&tlon of
this study could be improved upon. As prev1ously stated
in this discussion, nurses are deeply involved in the on-
going assessment of chest pain, How,the nurse:perceives
and treats the. pain had great bearing on the doctor's
'perception and treatment of the patient. The current
tfend toward broadening of physical assessment skills has
empba31zed the benefits of specific information that the
nurse may contribute. Improving phy31cal assessment skills
and improving interrogative skills will aid our understand—‘

g of the patient with chest pain,

There were a few patients who displayed é total
left anterior descending occlusion and an anterior infarc-
tion yet had normalAantérior‘perfusion° However, half of
the people who had normel scans showed no arteriographic
or electrocardioaraphic abnofmalitiééor It seems that
there should be more than-50 percenu of the normal sceans
assoclated wibth normal arteriograms and elecbwocardlograms,
Vyet weighing against thls percenuage are tne valvular
pathologles and ischemla pat’cernsc Normal‘myocardlum is
expected in these cases, yet the statistical weight of
these abnormalities couhts against a totally normal-picturee '

The presence of normal dispersion studies in the face of
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electrocardiographic and angiographic abnormalities is the
foundation of invasive thera@yo In this study 25 percent
of all nofmal anterior myocardial scans were-shownAtouhave _
over 80 percent occlﬁsion of the left anteriof,descending
artery, makihg these patients optimal bypass grafid candi—'
dates; V | | |

O0f the patients with abnormal énterior scans, it
was interestiﬁg to note that only 38.6 peréént had had =
confirmed infarct by electrocardiogram, Perhaps discon;
certing was thé fact that a few showed only snterior
ischemia or no electrocardiographic'abnormality at all,

It may be assumed that subendocardial or inftraxmral infarct
were th'recognized by the gross precordial'evaluation of

- the anterior myocardium on electrocardiogram, This cannos
be the full explénation of unexpected sbnormal scans, hdw—
ever; Bedause cinegngibgraphic findings of oceclusion wefe
not Widespread either°  The technical acuity of the equip—
ment was not. such as to allow resolution of quite small
aréas, so.the possibiliﬁy Ehat the perfusion studies were
misinterpreted cannot be excluded. The use of photographic
readout of the scans'may also tend.to decrease ability to
agssess small areas of abnormal perfusion, Nonetheless,
perfusion defects of the antérior surface may be present‘
in hyperhrophy or dilabation, which mey or mey not have

" electrocardiographic or arteriographic counterparts,
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~Patients with normel inrerior,myocardial scané'had_
both'a low percentage of eléctrocardidgraphic abnormality
. and also a sﬁrprisingly 10wbraté of normality. Again, be%
cause there were abnormal variables that did not neces-
sarily denote myocardial_damage, the percentage of normality
in relation to 2ll abnormalities may be disproportionately
small, Arteriqgraphiq findings in the patiehf with a.normai‘
inferior scan seemed to follow am expected low incidence
of occlusive disease,

The group with sn abnormal inferior dispersion
study showedAa higher inferction rabte in addition to an
increase in the absence of abnormalities on the electro—_
cardiogram, The percentage of people with ischemia was
comfortably low, but these three pieces of information
seemingly do noﬁ coincide with each other., Looking at
arteriographic findings, total right occlusions are prev-
alent, but normal right coronary artéries account for
almost one-fifth of all the arteriograms done on people
- with abnormal ihferior scans,

The pqésibility thet disparities could be due to
mechanical or evaluative error cennot be discounted. .Per—
haps the limitations of‘positioning could account for
ambiguity of the inferior surfacéo' Electrocardiographiec
lead placement certainly is suboptimal for the evaluation

of the inferior myocardium, as leads 2, 3, end avF are farp



--removed from the'aréay .Tékiﬁg all these points intq con-
sideration, it muétAbe inferred fhat our uhderstanding of
theiinferior portion of the heart, whils geperallyicorrect;‘
may be quite limited. | |

The oircumflex'system feeding the'laterai and
posterior portions of myocardium would seem to be the most
diffic@lt'to\assesso However, patients with normalfpostee
rior scans showed the expected.ﬁormal elecﬁrocardiograms_ 
and arteriograms. There does seem to be a pfoblem in |
appreciating the abnormal posterior surface on the dis-
persion study and the electrocardiogfam; however, There
were as many posterior infarcts as normal electrocardio-
grams, and even more normal circunflex arteries than
eabnormal in the presence of an abnormal scan, These dif—
fering results seem to reflect the difficulty in close
assessment of the posterior surface. Again, electrocardio-
graphic lead placement 1is less Thean optimal for assessment
of this area, Positioning in the left lateral posterior
position has bec ome routine'for the dispersion‘studies
since this study was completed,

The infonmation from this study is cdmpared to

Vthat from Ashburn and associates‘(il.‘a?l)o Tﬁeir nbrmal
myocardial scams were found to be associated with normal
arteries or less than 50 percent occlusive-diseaseo» The

findings of this study showed that in patients with normal



myocardial sqaﬁs, each area_demonstrated a corresponding
normal arterial bed much more than half of the time° In
contraaiction to Ashburn et al.'s (1971) finding that high
grade 1esions.were never associated with normal scaﬁs, '
this study found fairly signifiéant numbers of’éévereioédlu-
sive lesions to be associated with normal dispérsionstudies°

The information from the study of Jénsen,et al,
(1973) seems to correlate with the results of this study.
Their sbtudy assessed each arterial systém as one of all
possible systems in all patients, whereas this study.
"assessed the percentages of patients with a certain scan
repbrt (anterior, inferior, or posterior) who displayed
other variables of the same area. Jansen et al. had a
small group of patients with normal arteries and abnormal
perfusion, as was seen in this study. They surmised in-
complete injectioh to be partially responsible, while this
study eliminated any scans that were fel?t ﬁo have had
incomplete injectiohs° Cardiomyopathy was assumed to have
resulted in mosf of the others, as was discussed previous-
1y'in this study. | |

Evaluation of occlusive lesions showed 18vpercent~
high grade to 11 percent complete occlusions invﬁhe analy;
sis of individual arteries in the Jansen et al, (1973)
étudy as they related to normal perfusion by scan. Refer-

ence back to Tables 3, L, and 5 will demonstrate similar
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percentages as broken up into the three arterial .éystems°
The benefit of information regarding collsateral patterns

was not available to us,



CHAPTER 7
CONCLUSIONS AND RECOMMENDATIONS I'OR
FURTHER STUDY

BEducation and préparation of the patient who is‘
to heve this battery of cardioVaScular testingAmay_not
Oniy affect his comfort during thezprCedures, but‘maﬁ
influence his acceptance of tThe medicalror surgical treatj;
ment that is proposed from the results of the test. It is,
therefore, the nurse's responsibility to understand the
implicétions of the findings. | |

The importance of radioisbtopic evaluation of the
myocardium rmust be assessed as it is used in ﬁhe,diagnosis
wérkup_ofleach individual patient., Generaily, this study .
_ has shown that it can impart valuasble information sbout
integrity of the’myocafdial_capillary'bed ﬁhat,caﬁnotiahd
mist not be implied from the electrocardiogram or cine-
angiogram., dJust as high grade 0¢clusions may be associaﬁedvv
with normal perfusion, so may normal electrocardiograms |
be_associaﬁed With_abnormal_perfﬁgioﬁ;' The findings have;'
also substantiated the-éssumption that the'patient'wiﬁh
‘angina may:haVevnormal or at 1eést #iabie'myocardiumo |
»Whatever the case, the infdrmétion from mydcérdiai’dispé;-'

~ sion studies supplies valuable information tc the

e
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cardiologist or the surgeon to enhence his treatment of
the patient.

The following recommendations are made for'furtherrfr
“study: | | |

1. Investigate'the effects of different position-
ing for assessment of the inferior myocardium,iboth electro-
cardiographically and in the nuclear medicine depértm.ent°

2, Study underperfused areas of myocardium that
hes been revascularized, seeking the limitations of thé

‘benefit of surgery.



APPENDIX

PATIENT DATA SHEET



PATIENT # - NAME

CHEST PAIN

Resting
Exertionsal

Atypical

BXG snterior

ADMISSION DATE

HOSPITAL #

snteriolseteral

inferior

posterior
. s

Infarct

Aneurysm

Inijury

Ischemia

Hypertronhy
No Pdtholooy
Subenddcardial

MYOCARDIAL SCAN LAD
(area fed by)

Right

Clrcumflex

Normal Perfusion

Abnormal Perfusion

Obscure Defect

No Injection

CINEANGIOGRAPHY LAD

Right

Circumflex

Comvlete Occlusion

Over B0%

Under 80%

Aneurysm

No Pathology
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