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CASE REPORT 

(BBJ, 102304) was a 58 year old man who was admitted for the 6th 
time on July .7, 1978 and died the following d'ay. His chief complaint was 

- chest pain. Hypertension was discovered in 1950 and treated continuously · 
since then. He was a smoker (90 "pack years") and had a remote history 
of syphilis in the 1940's which had been treated. He was otherwise 
generally well until he sustained an uncomplicated non-transmural 
myocardial infarction in March 1974. He was hospitalized in September of 
1975 and December of 1976 for unstable angina ' pectoris which was success
fully managed ~ith an anti-anginal regimen. In March, 1978 he sustained 
an inferior wall ijJ. Subsequent to this he was managed on propranolol, 
isosorbide dinitrate, nitroglycerin, hydrochlorthiazide, and sustained
release quinidine sulfate. On this regimen he had moderate stable angina 
and . one-mile exertional dyspnea. On the night of admission he awoke with 
severe chest heaviness that radiated into his left arm and was associated with 
diaphoresis. When seen in the emergency room, he was foUnd to have ECG 
changes of an- acute antero-lateral MI and admitted. 

On examination he appeared well developed and nourished, in moderately 
severe distress with somewhat labored respirations. BP 120/94, HR lOS
regular, R 12, afebrile. The jugular venous pressure was Scm water and 
the carotid pulses were normal in volume and pulse contour. The chest 
had an increased antero-posterior diameter and was hyper-resonant to 
percussion. There were diffuse coarse rhonchi and minimal inspiratory 
basilar rales. Except for a non~palpable apex beat and the presence of 
a fourth heart sound, ·the cardiac exam was not remarkable. 

The ECG showed changes consistent with an extensive, acute antero
lateral MI. Chest radiogram -showed slight cardiomegaly without vascular 
redistribution or pulmonary congestion. Serum CK was 270 (upper limits of 
normal, 180) on admission but rose steadily being 748 at 1:00 am, 820 at 
3:00 am, and 2020 at 8:00 am the following morning. He was treated with 
morphine sulfate, bedrest, oxygen administration, and ECG monitoring. At 
5:00 am he developed clinical and radiographic signs of acute pulmonary 
edema. He responded initially t~ medical management including intravenous 
furosamide. At noon a thermistor-tipped Swan-Ganz catheter was positioned 
in the pulmonary artery. The mean pulmonary capillary wedge pressure was 
27 mm Hg, cardiac output was 3 1/min. After 4:00pm his blood pressure fell 
progressively and w&c ~nresponsive to dopamine and nor-epinephrine. Urine 
flow declined -and his skin became cold and clammy. He developed a profound 
sense of impending doom. Cardiac output fell to about 1.5 1/min, the mean 
"wedge" pressure rose to 40mm Hg, the blood pressure declined to undetectably 
low levels and he died at 6:10 pm. -

At autopsy, he wns found to hnve extensive ntltersclrrotic disease of 
his entire coronary arterial tree, recent thrombosis of the anterior 
de s cending branch of the left coronary ~t'rtery, healed postero-lateral and 
apical infarcts, widespread focal left nod right ventricular interstitial 
fibrosis, and a recent massive antero-septai infarction. Both ventricles 
were hypertrophied and dilated and the lung's were severely edematous. 
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INTRODUCTION 

The foregoing case report illustrates one of the major problems 
facing physicians treating patients following myocardial infarction (MI). 
There is a reasonable consensus that the advent of coronary care units 
decreased the in-hospital mortality from MI by about 15-20% by the early 
detection and treatment of potentially lethal arrhythmias and conduction 
defects. Death before patients with MI reach the health care delivery 
system and death from left ventricular "pump" failure are currently the 
greatest challenge to those who would try to further decrease the current 
nearly 700,000 annual death rate from HI. Dr. James Atkins discussed 
prehospital coronary care at these exercises 3 years ago (March 20, 1975). 
The amount of mJ scle lost in an infarct is a major determinant of the 
likelihood of "pump" failure (1,2) and of serious arrhythmias that occur 
in the period soon after ·infarction. (3) In recent years the hypothesis 
that an MI is a dynamic ·event that evolves for several hours or days _has 
gained substantial credence, due especially to the work of Dr. Eugene 
Braunwald and his many associates. A wide variety of animal and some 
clinical experimentation have supported the notion that the eventual size 
of an HI and the likelihood of. an extention of the MI can be modified by 
various interventions. The worst end of the spectrum of left ventricular 
pump failure after MI, cardiogenic shock, may be thought of as a vicious 
cycle (Figure 1) of progressive loss of ischemic muscle and progressively 
diminished left ventricular function, systemic blood pressure and myocar
dial perfusion.(4) With MI, there is usually a large zone of jeopardized 
ischemic heart both lateral to the 
center of the infarct and in adja
cent "subepicardial tissue. In 
large infarctions, this jeopar
dized zone tends to be particularly 
large. Successful limitation of 
the eventual size of the MI depends 
on. protection of the jeopardized 
ischemic myocardium. 

Hajor amounts of research money 
and effort are being devoted to the · 
endeavor to determine the effects of 
a number of interventions on limit
ing infarct size. In this review, I 
shall attempt to provide a broad over
vie'~ of the rationale and current 
r:lntun of Lh<'"e lllt·erv<'ntionA.. T 
"hall try Lo conclude [1] with some 
cntimate of the efficacy, sa fety, 
and npplicnhility of the interven
tions that have undergone substantial 
testing and [2] with some observations 
on how these investigations bear on 
the current routine management of 
patients with MI.. 
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BASIC CONSIDERATIONS ON FACTORS INFLUENCING THE EXTENT OF INFARCTION 

In approaching these topics, it is helpful to review some of the 
factors that are likely to be important in adversely affecting the ex
tent of myocardial infarction once the process has begun. The eventual 
extent of myocardial infarction depends in part on the balance between 
oxygen supply and demand and on the intracellular accumulation of nox
ious substances. Some of these factor s are outlined in Table I. 

Table I 

FACTORS THAT ARE LIKELY TO BE IMPORTANT IN ADVERSELY 
AFFECTING THE STATUS OF JEOPARDIZED }~OCARDI~! ... 

I. Increased Hyocardial Oxygen Demand (H~Oz) 
A. Tachycardia 

1. Sinus tachycardia 
2. Tachyarrhythmias 
3. Anxiety 
4. Congestive heart failure 
5. Feyer 

/ a. MI itself 
b. Pericarditis 
c. Infection 

6. Hypovolemia 
7. Drug-induced 

B. Increased myocardial wall tension 
1. Hypertension (Increased "afterload") 

a. Anxiety 
b. Pre-existing hypertensio~ 
c. Drug-induced 

2. Hypervolemia (Increased "preload") 
3. Increased left-ventricular size (LaPlace Relationship) 

congestive heart failure 
C. Increased contractile state 

1. Anxiety 

• 

2. Increased ·catecholamines from stress of MI 
3. Drug-induced [Some 8-adrenergic agonists, glucagon, di~italis 

in the non-failing heart, bretylium tosylate (Bretylol ),etc.) 
II. Decreased Myocardial Oxygen Supply 

A. Decreased myocardial perfusion 
1. Coi:onary artery occlusion 
2. Swelling of myocytes 
). Hypotens ion 
1,. Profound hypcrtens Jon (.<Jquee7.Lng off 1111trlent vessels Ln 

the infarcted area with low arterial perfusion pressure) 
Il. llypoxemla 
C. Aneml:o 

III. Accumulation of Noxious Substances 
A. Results of shift from aerobic to anaerobic metabolism 

1. H+ 
2. Lactic Acid 

B. Intracellular accumulation of fatty acids and/or intermediates 
in the oxidative pathway 

C. Lysosomal enzyme release 

3. 



CIILLULAR ABNORMALITIES THAT ARE APT TO BE IMPORTANT IN ALTERING THE 
CONTRACTILE PERFORMANCE OF ISCHEMIC HEART AND IN LEADING TO 
IRREVERSIBLE DAMAGE TO MYOCYTES 

Forty years ago Tennant and Wiggers (5) demonstrated that ligation 
of a coronary artery was attended by virtually immediate loss of con
traction of the myocardium supplied by the ligated artery followed shortly 
by systolic bulging of that segment. In more recent years, it has also 

- been found that the infarcted and ischemic zones also have alterations 
in relaxation as well as contraction. (Reviewed in 6). 

In consideration of interventions that may limit infarction size, 
it is useful to~eview some of the cellular abnormalities accompanying 
myocardial ischemia that may be important in altering contractile per
formance and that may be important in causing injured myocytes to become 
irreversibly damaged. (Table II). 

In normal individuals the first response ~o increased myocardial 
oxygen demand is an increas ed coronary artery blood flow. In patients 
with ischemic heart disease, increased flow rates may not suffice and an 
increased oxygen extraction occurs. If this also fails to yield suffi
cient oxygen, the metabolism of the cell can no longer remain completely 
aerobic. In addition, products of metabolism cannot be washed out of 
the cell because of the inadequate blood flow. Th~refore, the primary 
events in the ischemic myocyte are due to deprivation of oxygen and 
nutrients and the inability to remove the products of metabolism. Follow
ing the onset of myocardial ischemia a rapid decline in aerobic metabolism 
is induced by cellular hypoxia. The rapidly falling levels of high energy 
phosphate compounds (ATP, ADP, and CP) leads to rapid enhancement of 
anaerobic metaboli_sm. The increased glycolytic flux occurs because of 
enhanced glucose uptake due to increased hexokinase activity, accelera
tion of glycogenolysis by enhanced phosphorylase kinase activity, and by 
increased phosphofructokinase activity (Figure 2). The resulting accu
mulation of lactic acid and hydrogen ion which cannot be washed out of 
the ischemic cell leads rapidly to intracellular acidosis. (Reviewed in 
6-8). Tennant suggested in 1935 that intracellular acidosis might be a 
major determinant of the precipitous decline in cardiac contractility 
following coronary obstruction. (9) · whether this acidosis is the only or 
the major cause in this decline in contractility is still unresolved. 
(10-13). The mechanism(s) responsible for the acidosis-mediated de
pression is unclear but the decreased contractility may be mediated 
through interference with the normal flux of calcium or the interaction 
of cnlcium with the contractile proteins. This may occur from inter
ference with relense of calc ium from s arcoplasmic r e ticulum, (14) or 
\..r llh fliP " !: low lnw:1rtl cnrrPnt" of c :dclttm n r. n>!l rt tlu• nnrenl('mm:t. (1'>) Tt 
w,-,, lnlLI:l-.1 l._y propo:;ed hy K.,tz and llechl Lhal hydrog<•n lons may lnle r(cre 
with calclnm b.Lndlng to troponJ.n, but recent cv.Ldence w.Lth skeletal (16) 
and cardiac (17) troponin s uggests tld. s is not the cas e. A direct de
pressant effect of acidosis on the ATI'ase activity of actomyosin has 
proved difficult to study but there is suggestive evidence that such 
an effect occurs.(l8-20) (All above also reviewed in 21). 

4. 
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Table II 

SOME OF THE CELLULAR ABNORMALITIES OF IMPORTANCE IN THE ISCHEMIC HEART 

I. Primary events are deprivation of oxygen and nutrients and inability 
to remove products of metabolism. 

II. Rapid decline in aerobic metabolism induced by cellular hypoxia. 

Ill. Rapid enhancement of anaerobicmetabolism (glycolysis) induced by 
falling levels ·of ATP, ADP, and CP. 

IV. Rapid development of intracellular acidosis due to buildup of lactic 
acid and ~which cannot be removed from the cells. 

A. Acidosis likely responsible for the "early pump failure" of 
ischemic heart. 

1. Interference with interaction of ca++ and contractile proteins 

a. ? affects release of ca++ from sarcoplasmic reticulum 
b. ?? affects the "slow inward current" of ca++ across 

the sarcolennna 
c. ??? affects ca++ binding to troponin 

2. ?? direct affect on actomyosin ATPase activity 

B. Increased lactate has furthe r deleterious effects. 

1. Decreases anaerobic glycolysis by inhibition of activity of: 

a. Phos phofructokinase 
b. Hexokinase 
c. Phosphorylase kinase 
d. Glyceraldehyde-3-phosphate dehydrogenase 

2. Inhibits utilization of free fatty acids and causes buildup 
of fr ee fatty acids and/or intermediate products due to 
inhibition of carnitine palmityl CoA transferase 

a·. Increases ~02 
b. ? causes arrhythmias 

3. The transfer of ATP and ADP between cytosol and mitochondria 
is inhibited by competitive inhibition of adenine nucleotide 
trans locase by the increased concentration of fatty acid 
acyl-CoA esters 

V. l.os:; o[ norma.!. mcmhrnne functh>n n . 

A. 

B. 

c. 

Loss of putnss lum and magnesl.um, gain of sodium,chloride, and calcium 

Net gain o( water leading t o cell swelling which compresses 
nutrient vessels 

Loss of integrity of lysosomal membranes with leakage of acid 
proteases into cytosol. 
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Figure 2. 

GLUCOSE 

CELL 
MEMBRANE "' 

FREE FATTY ACIDS 

® 

CONTRACTILE 
APPARATUS 

Hexokinase 

® 

co, 

Schcmallc Representation of the Effects of Ischemia on Glycolysis and Freo Fatty Acid Metabolism. 
Ischemia Increases the intracellular lactate concentration; In turn, tho accumuhttion of lactate inhibits several enzymes In the 
glycolytic polhway. Phosphofructokinase (A) and hexokinase (B) arc lnhibiled. PhosphorylAse kinase (C) Is also Inhibited, thus 
preventing th~ activation of phosphorylase b to phosphorylase a and, therefore, suppressing tho conversion of glycogen to 
glusoso·1·phosphate. Glyceraldehyde-3-phosphato dehydrogenase (D) Is suppressed by an elevation of intracellular lactate 

(• denotes that the glycolytic pathway has been condensed at this point). 
With ischemia, the Intracellular concentration of acyl CoA esters Increases, In part because the intracellular accumulation of 
lactate inhibils carnitlne palmityl coenzyme A transferase (E), t~e enzyme that catalyzes the transfer of acyl CoA from the cell 
cytoploom to the mitochondria. The acyl CoA esters Inhibit the effective exchange of ADP and ATP between the cytoplasm of 
the cell ont1the mitochondria by suppressing the activity of adenine nucleotide translocase (F). Tho antilipolytic agents are ef
fective because th~y provent a buildup of acYl CoA esters within the cytopla!im, and l·carniline exerts a salutary effect on 
l ~r. lu-• mlr. myor.nrdlum by rP.vm,;lng thn lnhihllfon ol Adenlno nuclootidfl trnnslocRso, thus nllowino continued movement of 

ADP and AlP between tho cell cytoplasm and tho mitochondria. (TCA denotes tricArboxylic acid.) 

Modified from: Hillis LD, Braunwald E: (Ref. 6) 
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The increased rate of glycolysis of ischemic muscle is short-lived. 
The raised lactate level depresses anerobic glycolysis through inhibi
tion of the activity of phosphofructokinase, hexokinase, phophorylase 
kinase, and glyceraldehyde-3-phosphate dehydrogenase (Figure 2), (22, 23 
and reviewed in 6-8). Consequently, the ability of the isch~mic heart 
to utilize the glycolytic pathway is limited. 

Furthermore, the high intracellular lactate level inhibits utiliza
tion of fatty acids, which are the heart's normal major energy source, 
and causes an accumulation of them and/or intermediate products due to 
inhibition o·f carnitine palmityl CoA transferase (Figure 2). (23) This 
intracellular accumulation of fatty acids augments myocardial oxygen 
needs (24,25) and may be important in the genesis of serious arrhythmias. 
(26) 

In addition, transfer of ATP and ADP between the cytosol and mito
chondria is inhi\lit.ed due to competitive inhibition of adenine nucleotide 
translocase by the increased concentration of fatty acid acyl-CoA esters 
(Figure 2).(27) Consequently, cytoplasmic ATP concentration is further 
reduced. (28) 

Nembrane functions are altered in the ischemic heart.(29) A net 
loss of potassium and magnesium and a net gain of sodium, chloride, 
calcium, and water occur which lead to cell swelling which compresses 
nutrient blood vessels.(30) Loss of integrity of lysosomal membranes 
with consequent leakage of acid proteases into the cytosol occurs and 
may be important in causing damage to intracellular proteins and 
organelles. (31,32) 

The rationale for the use of agents that have been proposed to limit 
infarct size is based on avoiding, reversing, or mitigating one or more of 
the factors that may adversely affect ischemic heart or one or more of the 
cellular abnormalities of ischemic heart. I shall have more to say presently 
about· the specific rationales of some of the interventions that have 
undergone substantial testing. 

MEASURING INFARCT SIZE 

In order to accurately assess the effect of interventions designed to 
limit infarct size in either experimentally - induced infarcts or acute MI 
in man, it is necessary to have methods for quantification of infarct size. 
Substantial effort has gone into the search for ·such efforts. 

7. 



Measuring Infarct Size - A "Gold Standard" 

No completely satistory means exists for sizing experimentally
induced }U short of killing the laboratory animal and examining the 
heart. In making the step from animal to clinical investigation, even 
more formidable barriers have been encountered in trying to assess the 
efficacy of limiting infarct size by various manipulations because of 
the lack of ideal methods for sizing infarctions. While an in depth 
discussion of estimating infarct size is beyond the scope of my presen
tation, it is useful to briefly review some of the values and limita
tions of the major methods for estimating the extent of myocardial 
necrosis that are currently in use. 

Drs. Braunwald and Maroko have suggested (33) that an ideal method 
for assessing infarct size would be: 

1. Safe and noninvasive 
2. Simple, easy to apply, and inexpensive. 
3. Capable of predicting the extent of necrosis to be 

expected if no interventions were employed. 
4."· Capable of assessing the extent of necrosis that 

actually develops. 
5. Capable of providing data on potential and actual 

infarct size in absolute quantitative terms, e.g. 
, grams of muscle. 

6. Useful when applied immediately after the patient's 
admission. 

7. Applicable to all patients with MI. 
Note that if criteria number 3 and 4 are fulfilled, the patient could be 
utilized in an investigation as his own control which greatly simplifies 
the process of assessing interventions to reduce infarct size. The 
currently available methods should be compared to this ideal technique. 

There are four major ways by which the extent of infarction has 
been estimated: 

· 1. Hemodynamic evaluation of left ventricular function. 
2. Electrocardiographic and vectorcardiographic evaluation 

of the ST segment and QRS complex. 
3. Estimation of the quantity of enzymes released from 

the heart by measurement of the appearance and dis
appearance of these enzymes from the serum. 

4. Myocardial scintigraphy. 
Hemodynamic Evaluation Of Left Ventricular Function 

m1en myocardial infarction is complicated by impairment of the 
circulation, hemodynamic evaluation of left ventricular function is 
<'Xtremcly vnlunhlc to Rtratify pntic ntn into d1ffC'rcnt r,roups nnd to 
dl.rcct specific therapeutic interventions. i\ltcrntlons In le·ft ven
triculnr function cnn be determined by mensuremcnt of "left-sided 
fi.l.l.ing pressure" and cardiac output (34-35) whl.ch requires placing a 
catheter in the pulmonary artery. Substantial information regarding 
left ventricular performance can also be gained with recently developed 
non-invasive techniques,~·A· radionuclide angiography (36), gated blood 
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pool scintigraphy (37-39), and echocardiography .(40-42) Even newer 
developments in gated blood pool scintigraphy with multiple images of 
the heart during the cardiac cycle instead of a single end-diastolic 
and end-systolic view (43) and the recent development of two-dimensional 
echocardiography are apt to add considerably to the noninvasive evalua
tion of left ventricular function of patients during the acute phase of 
~II. However, evaluation of ventricular function does not provide a 
direct quantitative measure of infarct size. 
Electrocardiographic And Vectorcardiographic Evaluation Of 
The ST Segment And QRS Complex 

ST- segment elevation as an electrocardiographic sign of obstruction 
of a coronary ar~ry was first made in 1920.(44) Yet, the electro
physiological basis for this still remains- uncertain.(45) After analysis 
of ST-segments at a number of epicardial sites was found to be useful in 
assessing myocardial injury in dogs,(46) it was determined that inter
ventions that caused epicardial ST changes produced directionally similar 
changes at multiple precordial sites.(47) Subsequently, precordial ST
segment mapping techniques have been applied in studying patients. 
(Revie~ed in 48). Use of vectorcardiographic analysis of ST-segments has 
also been utilized and may be somewhat simpler to interpret although 
more difficult to obtain, (49) and maybe more useful for inferior MI 
than precordial mapping. The principal values of ST segment analysis 
are that the information is available virtually immediately after the 
patient's admission to the CCU and can be repeated often so that a patient 
can serve -as his own control in investigation desig~ed to test the 
efficacy of an intervention to reduce myocardial injury. The chief 
limitations are that: (1) many other coexisting problems also affect the 
ST segment such as pericarditis, drugs (viz. digitalis and type I anti
arrhythmics), electrolyte abnormalities, and interventricular conduction 
abnormalities, (2) the technique is fairly tedious to perform and inter
pret, (3) it is less useful for infarctions of the inferior and posterior 
wall than for the anterior wall, and (4) it does not give an estimate of 
the amount of infarction in absolute terms. Use of ST segment mapping 
has stirred up. a fair amount of discussion and controversy regarding its 
clinical utility. (48,50-53) However, it seems that if one does not 
expect ST-segment mapping to yield ·absolute quantification of inf~t 
size and recognizes its capacity to yield important, rapidly obtained 
information in a given ·patient which can be compared to repeated evalua
tions in the same patient to estimate the degree of change in myocardial 
injury, then much of the controversy is resolved. 

Dr. David Hillis, who has rece.ntly returned to Southwestern from 
the Peter Bent Brighnru Hospital in Boston, recently described with his 
c oll<•;tgtl<'!·l at u ... llrll~ham au nddlt.lonal lllt'illl!l or u,;lng the elcctrocnrdlo
graru for estimation of myocardial injury.(54). They determined that 
early ST-segment elevation in experimentally induced MI predicated · sub
!lcqucnt loRR or R wave force>J and development of Q waveR. The QRS change>J 
correlated with development of enzymic (creatine kinase depletion) and 
histologic evidence for necrosis. While this refinement still does not 
allow absolute quantification of infarction size with electrocardio-

9. 
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graphic techniques, it has an additional potential value i .n that evalu
ation of how many sites with initial ST-segment elevation eventually 
progress to QRS changes can be made in treated and untreated patients, 
as well as being useful in the presence of other abnormalities that 
affect the ST-segment later in their hospital course. 
Estimation Of Depletion Of Creatine. Kinase (CK) 
From The Heart By Analysis Of Serum CK 

The finding in 1954 that SGOT is released into the circulation 
after MI has had an enormous impact on the diagnosis of MI.(SS) Since 
that time, dozens of enzymes that are present in myocardium and are 
released into the circulation have been evaluated for their sensitivity 
and specificity ~~n diagnosing MI. By the early part of this decade, 
only three, cr.eatine kinase (CK), glutamic oxaloacetic transaminase 
(SGOT), lactic acid dehydrogenase (LDH), and a-hydroxybutyric acid 
dehydrogenase [(a-HBD), which is also a measure of LDH, chiefly the 
two rapidly migrating isoenzymes, of which the heart is rich] were in 
common use. It was obvio~sly attractive to question if the levels of 
these enzymes correlated closely with infarct size. In a large number 
of st·udies, it was found that there was a general, but imprecise, 
correlation. 

Dr. Burton Sobel and his many co-workers determined that the amount 
of CK depletion from the heart of an animal with an ' experimental infarct 
correlated very closely with the amount of the muscle that was in
farcted.(S6) They further reasoned that the appearance of CK in the 
serum might have a definable relationship to CK depletion from the heart 
nnd proposed a mathematical model relating serum CK to experimen.tal 
infarct size. The model depicts serum CK activity as a function of 
myocardial release and first order decay, assuming that the releasing 
function was an unknown function of time. They considered as parameters 
the decay rate, the fraction of CK actually released from the necrotic 
heart, the fraction of body weight in which CK was distributed, and 
the amount of CK depleted per gram of myocardium. This model was 
successfully applied to both experimental animals (57) and patients 
with acute MI_._(.o..S_B..c.) __ _ 

The major value of this technique is that it appears to give an 
estimate of infarct size in absolute terms. Some have felt that it 
is only semi-quantitative (59,15Sc) and that interventions to reduce 
infarct size might change some of the above parameters and thereby 
change the calculated infarct size.(l54) The major limitation is that 
determination of infarct size requires serum CK measurements for 36-48 
hours which precludes early intervention to limit MI using the patient 
as his own control. Additional limitations include [1] the necessity 
of mu.lUple, frequently-drawn hlond RampJ.es nnd the nnmewhnt complicntcd 
mnthemat:lcnl handling of the data that make this technique cumbersome to 
apply in the usual clinical setting, [2] that it is useful only for 
patients who get to the hospital promptly after MI, and [3] other problems 
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or complications (viz. liver disease, muscle disease or trauma, strokes, 
etc.) that lead to~evation of serum CK diminish the usefulness of the 
technique. 

nr. Sobel and his associates have recently utilized the early rate 
of appearance of CK in the serum for the first 7 hours after initial CK 
elevation to predict the eventual serum CK "curve".(60-61) If this 
observation proves to be true, the major limitation to this technique 
will be obviated. Hodifications of the technique , using the myocardial 
specific isoenzyme CK-~ffi (155a) and us ing a fractional decay rate calcu
lated for each individual patient, may improve accuracy. (155b, 155d). 
Scintigraphic Techniques 

Scintigrap~y with myocardial infarct-avid radionuclides provides a 
"hot spot" image of the infarct and with radionuclides that are not taken 
up by ischemic ·or infarcted heart provides a "cold spot" image. Such 

"graphic representation of the heart obviously provides an attractive 
possibility for infarct sizing. 

"Hot Spot" Imaging" 
Several types of radionuclides that are infarct-avid have been 

utilized for imaging myocardial infarction. Agents that have been used 
for bone scanning have proved to be particularly useful, especially 
technecium-labelled phosphates. Most in attendance at this exercise 
are aware of the pioneering work. in this area done here by Drs. Willer son, 
Parkey, Buja1 Bonte and their many associates.(62-63) Myocardial scinti
grams .with 9~mTc-pyrophosphate (PYP) become positive 12-24 hours after 
the onset of MI and remain positive for about 5 days, but revert to 
negative after about one week. Recently PYP scans (64-65) and scanning 
with 99rorc-labelled tetracycline (66) have been used to assess infarct 
size. 

The major value of PYP scanning to size MI is its specificity for 
identifying infarction. The major limitations are that [1] current 
technology does not have .the capability to sufficiently resolve the 
infarct to allow _quantification in absolute terms, [2] the scans cannot 
be carried out until 12-24 hours after the infarct precluding early 
intervention to limit ultimate infarct size utilizing the patient as 
his own control, and [3] uptake of PYP is minimal in areas of extremely 
reduced .blood flow such as the central portion of a large MI. 

"Cold Spot Imaging" 
Several radionuclides are available for the evaluation of myocardial 

perfusion. Among the most useful of these are radioactive isoto9es of 
potassium (43K) and the physiological analogues of potassium (12 Cs, 
81Rb, 201Tl). Thallium-201 is the agent most commonly used currently 
because it has the most advantageous properties for imaging with a 
g:unma cnmcrn. Uptake of these nr.ent" .Is d<'pendcnt on the perfusion nnd 
an intact Na-K ATL'ase of a g.iven region of heart mu,.cle. Areas of new 
or old lnfnrct:l.on nnd transient ischcmla are visualized as cold spots. 
S.lneP the normal heart is well vi.suall7.cd, loc.ali7..1tJon of the reglon 
o[ the heart thnt is under-perfm;ed lu [ac1Utnted. 

11. 
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Thallium-201 scintig~aphy has been employed recently to study 
patients with acute MI. (67-69) It is somewhat premature to judge the 
potential for 201Tl scintigraphy in sizing infarcts since the work is 
at a relatively early state.(70) The major advantage of this technique 
is that it can be utilized to give almost immediate information within 
minutes of the patients admission to the hospital. The major dis
advantages are that current resolution of the scans is not sufficient 
to yield an estimate of infarct size in absolute terms and that both 
old infarcts and transient ischemia as well as new infarct appear as 
perfusion defects. We have recently demonstrated that serial scinti
graphy after a single dose of 201Tl, the repeat scan being done 4-8 
hours after the ~Aitial one, has the potential of reducing one of 
these limitations of 201Tl scintigraphy.(69) The repeat scan was 
invariably smaller than the initial one in patients with uncomplicated 
MI and more nearly corresponded to the area of PYP deposition and 
presumably gave a more accurate estimate of the infarcted zone than 
did the initial scan. Since the reduced thallium defect on the repeat 
scan probably represents a region that was t -ransiently ischemic, serial 
s~intigraphy after a single dose also appears to have the additional 
advantage of giving an approximate representation of the amount of 
ischemic as well as infarcted muscle. 

Dual imaging with both 201Tl and PYP (68-69,71~73) is likely to 
yield a more accurate estimate of infarct size than either imaging 
technique alone. 

Technological improvements in myocardial scintigraphy are in 
advanced phases of development · and have promise for greater resolution 
of the infarcted area and for three-dimensional representation of the 
infarct. Among these techniques are emission computed tomography, 
which utilizes similar computer techniques to computer assisted tomo
graphy (CAT scanning) that is used with tissue absorption of x-rays (74-75), 
and computer processing of two-dimensional views to obtain a three
dimensional representation. (76) 

In order to summarize the current status of infarct sizing, I have 
compared the major techniques currently in use to an ideal technique. 
(Table III). No single technique currently satisfies all the criteria 
suggested by Drs. Braunwald and Maroko for an ideal technique and sub
stantial effort is being expended in refining old techniques and search-
ing for new ones. 

12. 
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LIHITING INFARCT SIZE BY PROTECTING ISCHEHIC MYOCARDIUM 

With the foregoing background information in mind, I should like 
to devote the remainder of the discussion to a brief review of the 
status of the specific major interventions for limiting infarct size 
that have been investigated. Thes e interventions can be outlined 
according to their rationale. (Table IV) 

Table IV 

Rationale Of Interventions Designed To Limit Infarct Size 

Interventions designed to favorably alter the hemodynamic 
status of the patient. 

Interventions designed to limit infarct size by favorably 
altering the relationship between myocardial oxygen demand 
and delivery. 

Interventions des igned to favor ably alter the metabolism 
of ischemic myocardium. 

Interventions designed to reduce autolytic (stablilize lyso
somal membranes) or heterolytic (modify inflammatory response) 
processes or both. 

Interventions Designed To Limit Infarct Size By Favorably 
Altering The Hemodynamic Status Of The Patient 
Characterization of patients with acute MI with hemodynamic measure

ments has delineated several distinctive subsets .(34-35) This character
ization has been particularly important for patients with hypotension 
after MI. Management of the patients in each of these subsets is designed 
to mainta in optimal coronary artery perfusion and cardiac output with the 
l east myocardial oxygen demand that iE- possible. It seems likely that 
this management may aid in interupting the vis cious cycle of hypotension 
and increa s ing loss of jeopardized tissue in patients with cardiogenic 
shock syndromes. Several centers have carefully s tudied these patients 
and there seems to be general consensus that a general scheme of manage
ment can be recommended. (35,77) (Table V) 
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Interventions Designed Limit Infarct Size By Favorably Altering 
The Relationship Between Myocardial Oxygen Demand And Delivery. 
Since an increased oxygen demand of the heart and a decreased myo-

cardial perfusion and oxygen delivery appear to incre·ase infarct size, it 
follows that decreasing the oxygen demand of the heart and improving myo
cardial perfusion and oxygen delivery might limit the eventual size of an 
infarction. }~ny of the interventions that have been investigated or are 
undergoing investigation or are planned are based on this rationale. Some 
of these possibilities are outlined in Table VI, and may be divided into 
i~terventions that reduce MV02 or improve coronary arterial blood flow and/ 
or oxygen deliver4 or both of these. 

Table VI 

INTERVENTIONS DESIGNED TO LIMIT INFARCT SIZE BY FAVORABLY ALTER
ING THE RELATIONSHIP BETWEEN MYOCARDIAL OXYGEN DEMAND AND DELIVERY 

I. Interventions To Reduce MV02 

A. Avoid agents that increase ~02 

B. 

c. 
D . 

1. Isoproterenol and Epinephrine 
2. Digitalis ·(except in failing heart and 

with atrial tachyarrhythmias) 
3. Glucagon 
4. Bretylium tosylate (BretylolR) 

Reduce }W02 - a-adrenergic blockade 

Reduce .MV02- Vasodilator therapy to reduce afterload 
or preload or both 

Reduce intracellular free fatty acid levels 

. II. Interventions That .May Improve Coronary Arterial Flow And/Or Oz Delivery 

A. Directly 

1. Oxygen administration 
2. Improve microcirculation by decreasing cell swelling by 

increasing the osmolaity e.g. Mannitol, Hypertonic Glucose 
3. Thrombolytic agents 
4. Heparin (?) 
S. Early coronary artery bypass graft surgery 

II. l.ncl l.rcctly through improved r!ow lhrnu~h coltntcrnl vessels 

1. lncrcanecl nrtcrinl prcs,; urc 
2. Hyaluronidase 

III. Interventions To Reduce MVOz And Improve Coronary Arterial 
Flow - Circulatory Assistance 
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.Avoid Agents That Increase MV02 
Agents that increase MV02 have been found to have the potential for 

increasing infarct size. The major drugs that fall into this category 
include the a-adrenergic agonists, isoproterenol and epinephrine, gluca
gon, and the antiarrhythmic agent bretylium tosylate, which has recently 
been cleared for clinical use, and digitalis in the non-failing heart. 
(Reviewed in 6), Lest the point with digitalis be overemphasized, it 
must be mentioned that with an enlarged and/or failing heart, or in the 
presence of atrial tachyarrhythmias, the net effect of digitalis on myo
cardial oxygen demand is apt to be a decrease, since the increased MV02 
occasioned by an -1ncreased contractile state is countered by a drop in 
MVOz due to smaller heart size (LaPlace relationshi~) or the decreased 
heart rate. Avoiding use of agents that increase ~NOz in the immediate 
post-MI period is now commonly accepted and presumably has already been 
of substantial practical value since isoproterenol, epinephrine, and 
glucagon were commonly used in the past for patients with left ventricular 
pump failure · after MI and digitalis was sometimes used "prophylactically", 
in the absence of left ventricular failure or atrial tachyarrhythmias. 

Reduction of MV02 with a-Adrenergic Blockade 
Treatment with a-adrenergic blocking agents appears to have promise 

in protecting ischemic heart and has received considarable recent 
investigation.(54,78-92) 

These studies have generally, but not universally, (85) shown favorable 
results. Propranolol has also been reported to decrease the incidence of 
infa-rct extension. (93) An additional benefit is that propranolol has 
antiarrhythmic effects. Whether a-adrenergic blockade favorably or un
favorably influences blood flow to ischemic myocardium is still unclear. 
(Reviewed in 85). 

However, the very mechanisms by which 8-adrenergic blockade exerts 
its affects, slowing the heart rate and reducing myocardial contractility, 
necessitate that this t"reatment modality be employed in patients with 
acute MI with caution and with continual reassessment of the state of 
the patients' left ventricular function. It cannot be employed in the 
face of frank left ventricular failure. A national multi-center trial, 
which includes Parkland Hospital, has just begun testing the efficacy of 
propranolol in the acute Ml period and should provide valuable information 
on the precise role of 8-blockers post-MI. This trial (MILlS) is prospec
tive _and randomized and utilizes intravenous propranolol the first two 
days (0.15mg/kg in three divided doses) and then orally (beginning with 
averages doses of 160mg/day with gradually diminishing doses) for 10 days. 
Infarct size (judged by PYP scans, precordial ST and QRS maps, and 
efitJmation of CK depletion from heart), mortality,_ arrhythmias, and other 
clinical pnrnmetcrs will be assessed in these patients. 

Reduction of MV02 by Reducing Afterlond or Preload 
or Both With Vasodilators 
A familiar clinical saw is that nitroglycerin and related drugs are 

contraindicated in the first few days after acute MI. As with most 
such saws, this one is likely based on both substantial ·truth and in
accuracy. Indeed, hypotension, a decreased cardiac output, and a reflex 

17. 
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tachycardia or a profound bradycardia may accompany the use of sub
lingual nitroglycerin in the immediate post-HI period, especially in 
patients with normal or low .filling pressures of the left ventricle. 
(94-96) However, protection of ischemic myocardium with nitroglycerin 

· and other vasodilators is an attractive hypothesis that has recently 
and is currently undergoing considerable testing. (94-129) The hypo
thesis has been proposed in light of the century of experience with 
nitroglycerin in relieving angina pectoris (chiefly by reducing MV02 
by decreasing left ventricular preload) and in view of the large number 
of recent reports of salutory responses to left ventricular "unloading" 
in pa~ients in chronic congestive heart failure. (Ventricular unloading 
was reviewed at tltese exercises June 30,. 1977 by Dr. Jere H. Hitchell). 
There is some disagreement between the results of these studies which 
at first appears extremely confusing. These conflicting results may 
best be understood in the light of two major considerations: (1] dif
ferent vasodilators -may have different hemodynamic effects and effects 
on , the distribution of coronary artery blood flow,and [2) the effect 
of a . vasodilator may depend to a large extent on the patient's systemic 
blood pressure and the presence and severity of left-sided congestive 
heart failure. 

The chief agents that have. been investigated are nitroglycerin and 
isosorbide dinitrate with or without agents (methoxamine or phenylephrine) 
to · prevent any accompanying hypotension and tachycardia, and intravenous 
nitroprusside, phentolamine, or trimethaphan. Table VII summarizes the 
hemodynamic effects of various vasodilator agents used in patients with 
left ventricular failure complicating acute myocardial infarction. 

Table VII 

Summary Of Hemodynamic Effects Of Various 
Vasodilator Drugs Used In Patients With Left Ventricular 

Failure Complicating Recent Hyocardial Infarction 

Systemic 
Blood Cardiac Vascular 

Vasodilator Heart Rate Pressure Ouq~ut Resistance 

Nitroglycerin No change Decrease Slight or Decrease or 
and no increase no change 

Isosorbide 
d,initrate 

Ni.troprusside No change Decrease Increase Decrease 

l'hcntolaml.nc lncrcn"e Dccrcnse lncrcnse Decrease 

·tri~ethaphan No change Decrease Sllght or Decrease or 
no increase no change 

Modified from Pamley and Chatterjee. (Ref. No. 97) 
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Pulmonary 
Capillary 
Wedge 
Pressure 

Decrease 

Decrease 

Decrease 

Decrease 



Nitroglyceri~ and Isosorbide Dinitrate 
Nitroglycerin administered sublingually or intravenously and 

isosorbide dinitrate administered sublingually or orally have similar 
hemodynamic effects in patients post-MI and can be considered together. 
These agents increase venous capacitance causing a decreased circulating 
blood volume and hence a decreased left sided filling pressure. They 
have only a slight effect on arteriolar tone and _usually decrease systemic 
blood pressure only slightly. The decreased preload tends to decrease 
stroke volume; the decreased afterload tends to raise stroke volume 
slightly. The net effect on stroke volume is consequently usually 
negligible. · In patients with left ventricular failure tl1ere is usually 
no change or a slight increase in stroke volume; but in the absence of 
f~ilure, there may be a slight decrease in stroke volume. (Figure 3) 
(97-98) 

STROKE . 

VOLUME 

(ml/sq m) 

FIGURE 3 

40 

30 

~_b<: ... 
20 - ~ 

10 
• INTRAVENOUS 

0 SUBLINGUAL 

oL-----------~~o~----------~20~----------~30 

LEFT VENTRICULAR FILLING PRESSURE (mm Hgl 

[ffocls of intravenous (n ~ 40) and sublingual (n ~ 33) nilroglycerin 
on hemodynamics in p:-~tiP.nt3 with acuiP. myoc.1rdt~l inla_rdi~n . /\<:.. summ~rizod 
from the lituraturo. pntients wore divided ns Jar as posstblf' mto tho~e Wtlh an 
lniliil l lnlt vnntricul:tr (I.V) fillino pro~;urn t'ftl1;1fl"!r lhnn 15 mm llg omd tho~e 
with :m lfliltal LV lillinq pro <i~auo tuss than 1 !1 111rn fig . nc~iu lts of < ~ it<..h study In 
thoso two c<.~IAqories nrn indicnted by the individu<JIIinP!!>. It is appnrent that the 
prvdom~n;ml eifcct of oitroglycnrin Is to wch~tco L~ filhng pn:s::u~~· nnd ~~~~a 
reduction in slroka volume tended to occur tn pallr.nts whose 1n1hal LV f•ll.ng 
pressure wa~ low. 

From Parmley and Chatterjee. (Ref. No. 97) 
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A ·refle x tachycardia may occur, especially if l e ft-sided filling 
pressures are low and the cardiac output falls. Nitrates have no direct 
inotropic or chronotropic effects on the heart. 

It can be predicted then that in patients with left-sided failure, 
nitrates will lead to a net decrease in myocardial oxygen demand and 
protection of ischemic myocardium and this has been demonstrated in 
several studies.(99-105) While some have suggested maintaining blood 
p~cssure and blocking reflex tachycardia during nitrate administration with 
methoxamine or phenylephrine is needed, (100-101, 106) others have 
reported no difference or a diminution in the beneficial effects of 
ni'trates. (107-108) It seems likely that. the differences reported have 
to do 1•ith the nature of the patiE,nts s tudied and that patients with 
ief~ ventricular ~ailure would benefit more from nitrates alone. (97,101) 
Nitrates have tlfl~ additional benefit of protecting against ventricular 
fibrillation.(l27-128) 

Nitroprusside 
The hypotensive effects of nitroprusside have been known for 50 

years. It, too, has recently been extensively studied as an agent for 
left ventricular unloading including patients with acute MI .(97-98,102, 
·109-113) Nitroprusside, infused intravenously, both increases venous 
.capacitance and decreases arteriolar resistance but .has no direct inotropic 
or chronatropic effect on the heart. Consequently in patients after MI 
with left ventricular failure there is generally a decrease in left-
s·ided filling pressure, systemic vascular resistance, and blood pressure. 
Ii~e to the decreased afterload, there is a moderate increase in stroke 
volume and cardiac output. (Figure 4) As 1dth nitroglycerin, nitro
prusside in patients with normal left-sided filling pressures may reduce 

.str~ke volume. A reflex tachyc~rdia also often complicates the use of 
.nitroprusside in patients without left ventricular failure, but usually 
does not occur or is of small magnitude in patients with failure.(ll2) 

FIGURE 4 

Parmley and Chatterjee 
(Ref. No. 97) 
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. Effects of nitroprusside on a group of patients with acute myocardial 
infarction. Group I patients are those wilh an Initial left ventricular (LV) filling 
pressure of less than 15 mm Hg. Group II patients had a LV lolling pressure great
er than 15 mm Hg and a stroke work inde• greater than 20 gm-m/sq m. Group 
Ill had a LV filling pressure greatAr than 15 mfTl Hg and an initial stroke work 
lnde• less than 20 gm-m/sq m. All patients In group Ill !'lad severe power failure 
and many had the classical signs of cardiogenic shock . Note that in group II 
and grOUp I If patients. the response to nitroprusside was usually an increase in 
-stroke volume together with a reduction in l V filling pressure. In group I pa· 
tients, however, there was a reduction in stroke volume in some patients. which 
accompanied the reduction In LV filling pressure . 
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Consequently, it could be a lso be expected that the net effect 

of nitroprusside on ischemic myocardium would also be a protective 
one due to a decrease in t~02. However, the data with nitroprusside 
are more controversial than with nitroglycerin. Both good (110) and 
bad (102) responses on protecting jeopardized heart have been reported. 

Part of these apparent differences may also rel~te to differences 
in the left-s ided filling pressures in the two groups and the poor 
responses may be seen chiefly in patients without left ventricular 
failure. 

Other explanations must also be considered. Among them is that 
nitrates and nitroprusside may affect the distribution of blood flow 
between normal and ischemic heart.(l02,109,115-116,122-124,126) A 
"coronary steal syndrome" has been proposed.(ll4) The normal coronary 
arterial bed has substantial capacity for dilatation. The coronary 
arteries that supply an ischemic myocardial bed are often maximally 
dilated or nearly so. Consequently, drugs which are potent dilators 
of the coronary bed may paradoxically decrease flow to ischemic muscle 
under some condition·s, since dilatation · of arteries to normal heart 
reduces the perfusion pressure to the ischemic muscle, and since the 
arterioles supplying that muscle have little or no further capacity 
for dilatation. It bas been suggested (102) that nitroprusside may 
decrease coronary blood flow to ischemic muscle and thus explain the 
deleterious effects seen in some patients. However, changes in 
-regional myocardial metabolism, function, and perfusion due to nitro
prusside infusion may also be related to the presence or absence of 
left-sided heart failure. (109, 115-116) It is not possible to. draw 
final conclusions at present on the effects of nitrates and nitro-
prusside on coronary blood flow to ischemic heart. 

Another explanation for the differences that have been reported 
may relate to the greater hypotensive action of nitroprusside. The 
optimum pressure to preserve blood flow to ischemic heart after acute 
MI in man, yet without unduly raising ~!Vo2, is not kno"'Tl and probably 
varies from patient to patient depending on the number and severity 
of coronary obstructions and left ventricular function. However, it 
is likely that a substantial drop in systemic blood pressure would 
lead to a drop in perfusion to ischemic hear t that would more than 
offset the beneficial effects of a reduced MV02. (117) 

To resolve these questions, randomized, prospective trials are 
clearly necessary and are underway both with nitrates (104,118-119) 
nn(l nHroprusside.(l20-121) The latter is a national multi-center 
trial directed by Dr. Jay Cohn. 

P;1tl <'nt,: with pr"""'""'' H"l who have :t "Y:ltolle hloocl pres,;ure of 
100 nun llr, oL ~;rcatcr· and mean pulmonary ca p lllary wedge pressure 
gre"ater than 12 mm llg o[ mercury are ranrlomlzed to placebo or nitro
pnt~Ride within 48 hour~ of the. paln of lnfarctlon. Nitroprusside is 
[liven until the wedge pressure is lowered by 407. or until a blood 
pressure of (76 + 0.2 · x baseline systolic blood pressure) mm Hg is 
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reached (note that this would never be less than 96 mm Hg). Infarct 
size, mortality, infarct extension, new onset of shock, and the presence 
of arrhythmias are determined in a 3 month follow-up. They are about 
one-half the way to their target of 1000 patients. The preliminary 
results of that study to date were presented in part recently in order 
to demonstrate that the trial was safe - an issue called into question 
by some of the data mentioned earlier. At the date of that report 
there were no significant differences between treated and control patients 
with respect to enzyme release from the infarct.(l20) 

Phentolamine · 
The hemodynamic responses to intravenous phentolamine in patients 

with acute ~II are very similar to those of nitroprusside. It has 
a-adrenergic blocking activity, and directly decreases arteriolar and 
venous tone. _ In patients _with left ventricular failure, there is often 
a small rise in stroke volume and cardiac output. Unlike nitroprusside, 
phentolamine often leads to a tachycardia for reasons that are not clear. 
The tachycardia may be related to a phentolamine-mediated synthesis and 
release of cardiac norepinephrine.(l26,130-131) These positive inotropic 
and chronotropic effects of phentolamine and its cost (several hundred 
to over a thousand dollars/day) limit its usefulness as an infarct
limiting agent. 

Trimethaphan 
Trimethaphan has been used to treat patients with hypertension and 

acute MI and reported to result in an e ventual infarct size (by estimation 
of CK depletion) les s than that initially predicted.(l32) This agent 
led to a significant .reduction in arterial press ure and a reduction of 
left-sided filling pressures in most patients,but cardiac output did not 
s_ignificantly change. Trimethaphan has the advantage of not leading to 
a reflex tachycardia since it is a ganglionic blocking agent. In most 
ways, then, the hemodynamic effects of trimethaphan were somewhat similar 
to those of nitrates in other patients. The efficacy of trimethaphan is 
limited by [1] a marked dependence on the patient's position (reflex 
responses to systemic venous pooling are blocked} and [2] the development 
of tachyphylaxis after several days. 

The results of this study support the usual practice of fairly 
aggressive trea tment of marked, sustained hypertension in the post-MI 
period. As an aside, there are currently no data available regarding 
treatment of mild hypertension in the post MI period. In dogs with 
experimental infarction, increasing the arterial blood pressure increases 
coronary flow which more than offsets the resulting increased MVOz. 
But in men with acute MI, it is unknown whe ther - the re sult to ischemic 
m•.,;c l e from the decre.,ned flow nnd the decre.~A('d ~WOz re 'lultlng from 
t ientl~c mlJ~ elcvn tlons in blood pressure would be beucficial or 
detrimental. Expe rimentation in this setting would be very valuable. 
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Reduce Intracellular Free Fatty Acids 
Since the increased levels of free fatty acids that occur in ischemic 

muscle increase ~02 and m~y increase the incidence of serious arrhythmias 
(see above ), various interventions have b.een employed to reduce myocardial 
extraction of fatty acids. Agents tha t inhibit peripheral lipolysis (133-
135), infusions of albumin free of lipids (134), and infusions of glucose
insulin-potassium ("GIK Solution") (see below) have been utilized after 
MI to try to limit infarct size. The results appear promising, but are 
too limited to draw any conclus~ons at this point. 

Interventions That May Improve .Coronary Arterial 
~. Flow And/Or Oz Delivery Directly 

Oxygen Administrat1on 
Hardly anything is more ingrained as a clinical reflex than oxygen 

administration in the CCU. However, since oxygen can be deleterious in 
some circumstances, its use in the post-MI period has recently been in
vestigated relative to preservation of ischemic heart. The question to 
be addressed is whether there are any costs to an increased oxygen de
livery accomplished by an increased fraction of oxygen in the inspired 
air. (FiOz) The evidence is somewhat conflicting. An increased Fi02 
was found to decrease measurements of myocardial injury in experimental 
animals (137) and patients.(l38) However, in the absence of initial hy
poxia, an increased Fi02 increases total systemic vascular resistance 
which increases ~02 (139-140) and reduces coronary arterial flow in the 
normal heart. Beneficial effects of hyperbaric oxygen in protecting 
ischemic heart were found in one study (141) and not found in another.(l42) 

Improve Microcirculation By Decreasing Cell Swelling By 
. Increasing The Osmolality 

Myocardial ·cell swelling that accompanies infarction may reduce 
.nutrient blood flow by compressing capillaries.(30) Prevention of this 
swelling by hyperosmotic agents such as mannitol, has been investigated 
by Dr. Willerson·, by Drs. John Powell and Alexander Lea f and their 
asso.c iates. In experimental animals such treatment has been shown to 
not only increase flow to ischemic muscle but also to improve the function 
and reduce the · oxygen consump.tion of the ischemic myocardium and to de
crease cell necrosis.(l43-150) The use of mannitol has been found to be 
effective before or after coronary occlusion. The mechanism of mannitol's 
ac tion in this setting is not completely known, but probably is not solely 
due t,o decreased cell swelling. 

However, in these studies the osmolality was raised about 30-40 
~Osm above control values. With such greatly increased serum osmolality, 
substantial shifts of fluid to the intravascular space occur, conse
qu ently c;n ryi.nr. some r.l. sk to the po !l t-Hl p:ttient. At lower, less risky 
n:;nud .- li:lLy values , Jt mny not be as erfectlve.(l•) Furlher , tlu! protective 
e ffect, even at full doses , may be short-lived, lasting about 1 hour. (150a) 

Thrombolytic Agents 
Lysis of acute coronary thrombosis is also a somewhat attractive 

hypothesis, as it was as a means for the treatment of pulmonary emboliza
tion.(l51) There is not much data available. The results of two clinical 
trials were negative· (152-153), while four patients in a small clinical 
'study may have benefited. (154) 
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Heparin 
Anticoagulants were used for years in treating patients with MI 

and 'were effective chiefly in preventing pulmonary embolization due to 
traditional Ml therapy--prolonged bedrest. Recently, use of · anti
coagulants post-MI has been largely restricted' to patients with an 
unusually great potential for thromboembolic complications.(l56) 
However, it has been proposed recently that heparin in doses that are 
fully anticoagulating doses or greater may protect ischemic myocardium, 
perhaps ·by preventing coagulation in the microvasculature and thereby 
imporoving flow to ischemic heart.(l57-158) The results with very high 
doses in dogs (1:57) after experimental MI were more impressive than the 
results with anti~oagulant doses after acute MI in men.(l58) 

The potential for hemorrhage with heparin is well known. As well, 
heparin raises cir~lating free fatty acids so that a role for heparin 
in limiting infarct size is still very speculative. 

Emergency Coronary Artery Bypass Surgery 
The ultimate in improving myocardial perfusion and oxygenation 

would seem to be emergency coronary artery bypass surgery. In experi
mental animals very early reperfusion (within 3 hours) following transient 
coronary occlusion was reported in several studies to protect ischemic 
myocardium. (159-162) When reperfusion was delayed .until 5 hours after 
the first CK elevation, some animals appeared to have lessened necrosis, but 
in other animals it appeared to extend the infarct.(l63) Later reper
fusion has been demonstrated to lead to histologic evidence for acceler
ated necrosis and hemorrhage.(l64) Reperfusion after more than 90-120 
minutes of coronary artery occlusion in the dog may fail to return sub
stantial flow to the infarcted zone, the so called "no reflow" phenom-
enon. (165) 

Patients usually reach the hospital 4-6 hours after the apparent 
onset of MI and require another hour or two for the admission and 
evaluation process so that surgery could rarely be performed earlier 
than 6-8 hours after the onset of the infarct except for the rare case 
of infarct occurring in the catheterization lab or coronary care unit. 
In light of these data from the dog lab, it seems that in the patient 
with an uncomplicated MI, early bypass surgery is apt to do far more 
harm than good to the ischemic muscle. The mortality of bypass surgery 
in men after MI has been better than might have been predicted, but is 
still proh-ibitively high compared to the expected in-hospital mortality 
after Ml treated in the usual way.(l66-168) Consequently emergency 
revascularization has been restricted -for the most part to certain care
fully selected patients with cardiogenic shock and in patients with 
infarcts occurring under observation nnd under circumstances allowing 
almost immediate surger.y.(l69) 

Interventions That Hay Improve Coronary Arterial Flow-Indirectly 
Throuuh Improved Flow ThrouGh Collateral Vessels 

ln~rensed Arterial Pressure 
As was pointed out earlier, the "ideal" blood pressure for patients 

after MI is unknown and likely varies from patient to patient (see 
section on Vasodilators). Because of the concern that an increased 
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arteria l pressure would do more harm than good, due to a raised MV02 
incomplete l y compensated for by increased corona ry arterial flow, it 
i s not customar y to raise the blood pressure post-MI in patients who 
are normotens ive. 

However, in patients with cardiogenic shock, it is important to 
maintain perfusion of vita l organs and the mean arterial pres sure should 
be ma intained at about 70-80 mm Hg . Inves tigation alluded to earlier 
has made it clear that press or agents with a marked B-adrenergic action 
o~ the heart should be avoided. The preferred agents are nor-epinephrine 
(170) and dopamine.(l71-172) 

Hyaluronida se · 
Hyaluronidase is an enzyme -tha t catalyzes the hydrolysis of 

hyaluronic acid, a viscous polysaccharide which is found in the inter
s tices of tissues ~ It is ordinarily used a s an adjuvant to increase the 
absorption of subcutaneously injected materials~ Administration of 
hyaluronidase intravenously to reduce inf arct size was first proposed 
in 1959.(173a ) It has recently under gone testing a s a means of pro
t ecting ischemic heart. Its mechanism of action in this regard is 
unknown but has been presumed to be due to penetration of the infarcted 
and ischemic zones by the enzyme with subsequent depolymerization of 

. mucopolysaccharides. This might then lead to increas ed nutrient flow 
to ischemic heart, increased removal of noxious subs tances, increased 

. collateral blood flow, or direct protective effects on the micro-
vasculature .(l73b) Intravenously injected hyaluronidase has been found 
to reduce i s chemic myocardial injury trials with expe rimental animals 
(54,173-178) and in two controlled trials with a total of 115 patients 
who had sustained an acute MI.(l79-180) 

Administration of hyaluronidase to limit MI has several major 
advantages: [1] its use is simple , (2] it does not depres s left ventricular 
contractility , and [3] it has a very low toxicity (0.08% incidence of 
aller.gic reactions is the only known side effect and these can usually 
be avoided by performance of a skin test prior to intravenous administration). 

A multi-clinic prospective randomized trial of hyaluronidase 
began August 1 of this year as part of the aforementioned MILlS trial 

.which also includes a trial of propranolol. At entry patients who are 
candidates for B-adrenergic blockers will be randomized into propranolol, 
hyaluronidase and placebo groups. Those who are not candidates for 
propranolol will be a separate subset and will be randomized into 
hyaluronidase and placebo groups. Follow-up will be as outlined earlier 
fo·r propranolol. 

Interventions To Reduce MV02 And Improve Coronary Arterial Flow -
r.-Jrcula tor y Ass i s tance 

r.Jrcula t ory a!;Histancc i s , in theory, a pa rticuLu:ly attractive 
i nte rv ention t o limit infa rct s i ze s ince it has been s hown in a number 
of s tudies i n dogs and in patients to [1) reduce myocardia l oxygen demand 
and· (2] improve myocardial perfusion. (Reviewed in 169 , 181-182), 

With intra-aortic balloon pumping a balloon, positioned in the 
rlescending thoracic aorta through the femoral artery, is alternately 
·rapidly deflated during systole and inflated during diastole thereby 
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lm<ering systolic blood pressure and HV02 and raising diastolic pressure 
the reby increa sing coronary arterial perfusion pressure. With external 
circulatory assistance, the trunk and extremities (usually just the lower 
extremities and lower trunk) are enclos ed in a rigid box which haa an 
inflatable bag inside it which inflates and deflates in synchrony with 
the cardiac cycle. While external ass-istance is less invasive than intra
aortic balloon pumping, it is less hemodynamically effective and is annoy
ing to the patient, who is fairly vigorously rocked about. Furthermore, 
many patients find the systolic lower body negative pressure quite un
comfortable or intolerable. For these reasons, external circulatory 
assistance is not in widespread use currently, although data from a 
cooperative study ~f 126 patients suggested that this technique lowers 
th'e mortality of patients with ~!I complicated by mild heart failure. (183) 

Intraaortic balloon pumping (IABP) is a very invasive procedure and 
its use has been largely restricted to pa tients with cardiogenic shock 
after MI, continued angina pectoris or malignant arrhythmias unrelieved 
by medication, and for transient support following open-heart surgery. 
The use of IABP alone in medical patients has been somewhat disappointing. 
Improvement has generally been only temporary.(l84) Consequently, 
circulatory assistance after MI is currently used chiefly as a means of 
hemodynamic support until selected patients with cardiogenic shock can 
undergo coronary arteriography and bypass surgery.(l69,181-183) 

Interventions Designed To Limit Infarct Size ay Favorably Altering 
The Metabolism Of Ischemic Myocardium 

Glucose-Insulin-Potassium (GIK) Solution 
Use of glucose-insulin-potassium (GIK) solution as a metabolic support 

for ischemic .myocardium following HI was first proposed by Dr. Sodi-Pallares 
and his associates 16 years ago. (185-186) But in spite of the several 
hundred publications that have appeared regarding GIK and the heart (187) 
since then, the efficacy of this treatment and its mechanism remain con
troversial. Clinical trials until about 5 years ago lacked comparability 
and had substantial flaws in experimental design.(l87-188) Consequently, 
it was hard to drm• any firm conclusions regarding the efficacy of GIK on 
infarct size, mortality and arrhythmias in patients with MI. 

If the disputable assumption th~t GIK can reach the necrotic and 
peri-infarction zones of heart after ~II is accepted, there are a number 
of possible mechanisms that can be invoked for a beneficial effect on 
ischemic muscle. Among the major possibilities are: 

1. Facilitation of glucose transport across ischemic 
myocardial cell membranes, 

2. Lowering of serum concentration of free fatty acids, 
3. Beneficial effects of a hyperosmolar solution on 

ischemic myocardium, and 
4. Stabilization of resting cell membrane potentials 

in ischemic myocardium. 
Investigation has provided some support for GIK-mediated facilitation 

of glucose transport in anoxic (189) and ischemic (190,191) heart, for 
lowering of serum free fatty acid levels below the threshold for myocardial 
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uptake (192), and for stabilization of resting cell membrane potentials 
during acute ischemia.(l93) However, GIKas given by one group with 
reported success for patients with acute MI does not significantly in
crease serum osmolality.(l92) 

In the last few years, the potential role for GIK post-~11 has been 
re-investigated in more comparable and better designed studies. GIK 
administered to dogs be·ginning 30 minutes after coronary occlusion 
.reduced the eventual extent of necrosis (194) and ECG evidence for myo
cardial injury.(l91) A comparison of 70 consecutive patients with acute 
MI treated with GIK had a lower mortality than 64 apparently comparable 
patients managed in the same CCU (Myocardial Infarction Research Unit of 
the University of Alabama Medical Center) during the previous year.(l92) 
With these results, the same group have begun employing GIK in a pros
pective blinded, randomized fashion.(l95) To date SO patients have been 
randomized. GIK was begun within 12 hours of the pain of MI and continued 

· for 48 hours. No differences were found in CK-estimated (lSSd) infarct 
size, but there were no deaths in the GIK group. The GIK group· also had 
significantly less serious ventricular ectopic activity and significantly 
better left ventricular function. That study is being continued at that 
center. 

In contrast, the group at the University of Auckland, New Zealand 
studied 36 patients within 12 hours of infa rct and also found improved 
hemodynamic function but no difference in CK-estimated (lSSd) infarct 
size and more mortality in the GIK group. In view of this, they felt 
that they could not ethically justify continuation of their study. 

There is a major difference between the two studies, however. · 
Patients in New Zealand were given more glucose and had increased left
sided· filling pressures, he~rt rate, cardiac index, and bloqd pressure. 
The resulting increase in MV02 might have negated any protective metabolic 
effect of GIK. The Alabama group gave GIK in a manner such that MV02 
was not increased. 

An ·infusion of GIK post-MI has relatively little risk. Hyperglycemia 
or hyperkalemis may occur, especially in patients with diabetes and/or 
renal disease.(l92) Rare pulmonary consolidation of uncertain etiology 
(?chemical pneumonitis or GIK-induced in situ pulmonary thrombosis) has 
been reported.(l97) A minor limitatio~is that ST segment analysis and 
thallium scintigraphy are of limited value in assessing the protective 
effect of GIK because of the membrane-altering effects of GIK. 

A role for GIK in protecting ischemic heart seems possible, but 
subs tantial further work appears necessary before it can be recommended 
for genernl URC. 

l.nhlhltl.nn Of tlyocan11al Extraction 0( Fatty Acids 
(S<'e Previous Sections) 

~n_t:_n_~~in_~ 
lnfus.lon o[ carnltlne in order .to maintain levels of free carnitine 

in ischemic heart, thereby reversing the inhibition of adenine nucleotide 
translocase by long chain acyl CoA esters and restoring mitochondrial 
function, has been tested in dogs with acute coronary artery ligation 
with encouraging results judged by ST-segment elevation and tissue con
cent'ration of high energy phosphates. (198) 
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Interventions Designed To Limit Infarct Size By 
Reducing Autolytic or .Heterolytic Processes Or Both 

Corticosteroids 
Release of lysosomal proteases into the cystosol occurs in ischemic 

muscle (31,32) and might contribute to myocardial damage as might hetero
lytic processes occurring with the inflammatory response to MI. Cortico
steroids may protect ischemic myocardium due to their well known stabiliz
ing effect on lysosomal membranes (31,199-200), although this effect may 
b-e only to delay rather than to prevent lysosomal disruption. {201) 

The first use of c-orticosteroids in experimental myocardial infarction 
was reported in 1951 by Johnson and his associates (and published in 
1953, ref 202). Several other groups reported their findings almost 
simultaneously and from that beginning and ever since, the results have 
been conflicting a~d controversial. - Large numbers of studies in experi
mentill animals .and in patients have been published with remarkably diver
gent results. Part of the problem no doubt lies in the considerable 
differences in study design, drug dose, and lack, until recently, of 
sensitive means to detect changes in myocardial injury. Another problem 
is that most animal studies were not continued beyonc:\ 24 hours after the 

_infarct. However, recent results with patients continue to be confusing. 
Positive results on mortality (203) and infarct size (204) were reported 
in two relatively large, non-randomized controlled trials. But other 
r .ecent trials have demonstrated no change in mortality or infarct size 
(205) and a del~terious effect on infarct size.(206) The latter study 
(206) also found more serious ventricular arrhythymias in the steroid 
group. 

Since corticosteroids administered chronically delay the healing 
process pfter MI (207-208) and thereby enhance the risk of myocardial 
rupture or aneurysm formation (208), administration of these drugs after 
MI may carry significant risk. Vogel and Lucchesi recently editorialized 
that given the potential risk and lack of convincing evidence of efficacy, 
another large clinical trial with steroids and the size of infarcts was 
not warranted. (209) However, such a trial, supported by the Upjohn Co., 
is underway, but utilizes only two 30mg/kg doses of methylprednisolone, 
the first given within 12 hours of the onset of MI and the second 3 hours 
later. It is the hope of the designers of that study to avoid a delay in 
the healing phase by utilizing only acute steroid administration. The 

·accession rate in that study has been slow and no results are currently 
available. (210) 

_Oth•.,_r_ !'!' t_l_::j_1_1!l~~i' tn_!y Tntcrvent l on '2.__ 
Myucanll al injury has also been dccrca,;cd post-Hl 1 n experimental 

animal models with administration of other agents that modify the 
inflnmmntor.y process: [1] cobra venom factor (a protein thnt leads to 
depletion of G3 and CJ, thereby preventing some of the chemotaxtic and leukotax

. tic effects of the complement system)(211), (2] aprotinin (an inhibitor 
of . the kallikrein system) (212), and [3] ibuprofen, a non-steroidal 
anti-inflammatory drug.(213) 
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CONCLUSIONS 

Summary Of The Current Status Of The Major Interventions Which 
Have Been Proposed To Limit Infarct Size 

Of the interventions which have been proposed to limit infarct size, 
eight have received enough animal and human investigation to allow an 
interim assessment of the efficacy, safety, ease of application, and 

·applicability to patients with acute MI. My admittedly arbitrary assess
ments are listed in Table VIII. 

None of these interventions are ready to be performed as a matter of 
routine in the corconary care unit. The results of the clinical trials that 
are underway should provide answers about the role of hyaluronidase, 8-
adrenergic blockers, and vasodilators and perhaps about GIK and cortico
steroids in the next few years. 

What Have We Learned That Should Be Brought To Bear In Routine 
Care For Patients With Acute MI? 

These hundreds of investigations have demonstrated some facts that . 
can be utilized now in the routine CCU care of patients in the first few 
days after MI. In many cases, the soundness of prior common sense clinical 
judgment has been confirmed, but some former practices have been found 
unsound. 

In order to prevent undue increases in MVOz, patients should be 
. . treated with quietude, reassurance, and (when necessary) sedation. Pain 

should be promptly relieved by opiate analgesics. Prophylactic use of 
cardiac glycosides in the absence of heart failure or cardiac enlargement 
or atrial tachyarrhythmias should be avoided. However, in the presence of 
these complications, the net effect of cardiac glycosides is often a de
crease in MVOz. Mild heart failure should be managed with diuretics alone 
unless the patient is already hypovolemic. Later in the course of the MI, 
when infarct size is fixed, utilization of cardiac glycosides is often 
necessary and appropriate. Isoproterenol, epinephrine, and glucagon should 
be avoided. When it is necessary to increase the blood pressure, dopamine 
or norepinephrine are the drugs of choice. The mean arterial pressure 
should be raised to about 70-80 rom Hg. Rapid arrhythmias should be promptly 
treated but bretylium tosylate should be avoided in the first few days 
after MI. Profound (diastolic > 120mm) and sustained (>2 hours after 

· a.dmission) hypertension should· be treated. Care should be taken to avoid 
precipitous drops in blood pressure and a decrease i.n blood pressure 
> ;>')-JO mm fn>m the patlent'n w<u:ll. levrl "hnuld he :tvolded, however. 
I I th" hlood pressure .ls to be treated emergently, tr lmethaphan is the drug 
o[ choJ.ce over nitropruss ide. 

If a patient who has been taking propranolol is admitted with an HI, 
propranolol should be continued unless there is evidence for congestive failure. 
If the failure is mild, propranolol should be tapered over a 2-3 day period. 
If the failure is more marked, propranolol should be discontinued immediately. 

If the patient is hypoxemic, he should be given oxygen by nasal prongs 
or by· mask to assure ~atisfactory arterial Oz saturation. While it is 
customary to give normoxemic patients 02 administration, I think we should 
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keep an op~n mind abou~ that custom - it may not help and it may harm. 
If a patient who has been taking nitrates is admitted with MI, 

nitrates should be used with caution or not at all for the first few 
days unless i .t is clear that left-sided filling pressure is elevated 
or unless monitoring of the left-sided filling pressure is to be carried 
out. 
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