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I. New diagnostic tests for recognizing the presence of acute myocardial infarction 

Traditionally the diagnosis of acute myocardial infarction has depended upon the 

presence of certain electrocardiographic and enzymatic abnormalities. The changes that 

occur on the electrocardiogram consist of the parameters listed in Table l. 

TABLE 1 

The evolution of t he electrocardiogram in acute myocardi al infarction 

Transmura l myocardia l infarction 

1. Peaked prominent upright T waves 

in the involved leads 

2. ST segment elevation 

3. T waves inversion 

4. The development of significant Q 

waves (ones 0.04 sec in duration) 

Acute subendocar dial myocardial infarcti on 

l. Deep ST segment depression 

2. Inverted T waves 

3. Return of the ST segments to baseline 

4. Gradual resolution at the T wave 

abnormalities 

It has been of some concern however, that the speed with which electrocardiogram's 

evolve is highly variable from individual to individual. Some patients with acute 

transmural myocardial infarction evolve their electrocardiogram over a period of minutes 

or hours so that by the time they present to the hospital they already have prominent 

T wave inversion and significant Q waves. Other patients evolve their myocardial in

farction in a much more de 1 ayed manner requiring sometimes days or weeks i1n order to 

proceed through the expected evolutionary sequence. The problem is even further com

pounded for acute subendocardial myocardial infarction since patients with this problem 

have a much less predictable evolution of their electrocardiogram. Indeed, it is im

possible to ever be absolutely certain from the electrocardiogram alone whether or not 

a patient has had subendocardial infarction . Part of this difficulty is based on the 

fact that many . abnormalities depress ST segments and invert T waves. It should be rem

embered that rapid heart rates, digitalis, left ventricular hypertrophy with strain, 
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ischemia, etc., all depress ST segments . Furthermore, the most common reason for the 

development of deep bizarre T wave inversion is a neurological problem i.e., intra

cerebral bleeding, subarachnoid hemorrhage, etc. 

Cardiac enzymes are also currently utilized to recognize the presence of myocardial 

infarction but one cannot depend entirely on enzyme changes either. Elevations in ca

rdiac enzymes are not specific for myocardial infarction and congestive heart failure, 

hepatitis, deep intramuscular injections, hemolysis, primary muscle disease, and pul

monary embolism may all elevate one or more of the cardiac enzymes. Nevertheless, we 

depend at the present time on evolutionary changes that occur in the serum glutamic 

oxalacetic transaminase (SGOT) and creatine phosphokinase (CPK) enzymes in order to re

cognize myocardial infarction. Typically CPK elevation becomes manifest within 6 hours 

after myocardial infarction and generally reaches a peak elevation within 24 hours 

after infarction. CPK levels then typically return to normal 36 to 48 hours after myo

cardial infarction. On the other hand, SGOT elevation begins approximately 24 to 36 

hours after infarction, peaks at 48-72 hours and returns to normal approximately 96 

hours after myocardial infarction. Other enzymes are used by some investigators to re

cognize the presence of myocardial infarction specifically, LDH and alpha HBD , but these 

enzyme abnormalities seem t_o me ·to be even more troubled by nonspecificity. Recently, 

the fractionation of CPK into its various isoenzymes has apparently produced additional 

diagnostic information regarding the presence or absence of myocardial infarction. Wa 

gner and his colleagues (1) have fractionated CPK into the different isoenzymes which 

consist of the following : BB which is present in human brain, MB which is specific 

for myocardial msucle, and the MM isoenzyme which is present in both skeletal muscle 

1. Wagner, G.S., C.R. Roe, L.E. Limbird, et al: The importance of identification of 

the myocardial specific isoenzyme of creatine phosphokinase (MB form) in the diagnosis 

of acute myocardial infarction. Circ. 47: 263, 1973. 



- 3 -

and in cardiac muscle (Fig. 1). Using electrophoretic techniques Wagner and Roe 

Human 
Heart 

Skeletal muscle 
(pectoral) 

Serum, after 
Ml 

Serum, normal 

Serum, -CP 

FIGURE 1 

A B 

Origin - + Origin -

CPK isoenzyme profiles from serum and tissue extracts. 
(A) Tracings of observed fluorescence associated with 
CPK isoenzyme distribution ·following electrophoresis 
on cellulose acetate. The dashed line indicates the 
serum or tissue extract front. (B) Fluorescence densi
tometry scans of the strips shown in· A. As can be 
seen, heart, skeletal muscle, and serum all contain a 
band of the origin (MM). However, heart extracts and 
serum in patients with myocardial infarction contain 
a more anodal band (MB). No bands are visualized 
when creatine phosphate (CP) is omitted from the 
visualization mixture. This indicates that the visualized 
bands represent CPK isoenzymes. The smaU anodal 
peak in B is clearly associated with serum or tissue 
extract fronts and is not related to an isoenzyme of 
CPK. 
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and colleagues have studied more than 500 patients hospitalized at Duke Medical Center 

and demonstrated that patients with myocardial infarction have elevations of the MB 

isoenzyme and that patients without infarction have elevation of one of the other two 

isoenzymes usually the MM isoenzyme. This work has been confirmed to some extent by 

others and additional means are currently being developed attempting to find even 

more sensitive and specific ways to demonstrate the presence of the MB isoenzyme in hum

an sera after infarction. It is also hoped that sensitive techniques capable of iden

tifying very small amounts of the MB isoenzyme might be useful in quantifying the 

size of myocardial infarction. 

Another relatively new approach has been the measurement of myoglobin in the urine 

of patients with acute myocardial infarction. It has been claimed that patients with 

acute myocardial infarction develop myoglobinuria that may be detected by radial diff

usion immunoassay (2). It has also been claimed that patients that receive intramuscular 

injections do not develop similar degrees of myoglobinuria. This is another area in 

which efforts are being made to develop sensitive and specific means of measuring myo

globin in both sera and urine of patients with infarction in an attempt to further im

prove diagnostic techniques and with the hope that it may be possible to utilize these 

determinations to measure infarct size in patients . It is of some concern however, that 

a measurement of myoglobin may not provide much in the way of specificity in terms of 

recognizing infarction. 

RADIONUCLIDE MYOCARDIAL SCINTIGRAMS 

It seems clear that the development of additional diagnostic means capable of iden

tifying the presence of myocardial infarction would be useful. A number of radionuclide 

2. Bernstein, S.H., H. Saranchak: Myoglobinuria; a diagnostic test for acute myocardial 

infarction. Circ. 48 : 149 (a), 1973. 
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myocardial scintigraphic agents have been evaluated in the past. Initially, 43 K 

appeared to be a useful means of identifying that portion of the myocardium that was 

well perfused with blood. An area of myocardial damage or an area that was under

perfused remained as a void in the 43 K myocardial scintigrams (3). Problems assoc

iated with the potassium scintigrams have included the very high cost of the isotope, 

the fact that "cold spot" imaging such as is provided with this agent is not the most 

efficient type of scintigram test, the fact that ideal scintigrams are not provided 

with this imaging agent, that 43 K has a relatively short half-life, and that it is 

somewhat difficult to obtain. Recently Holman and his associates have described the 

use of technetium-99m tetracycline for myocardial imaging (4). Holman and his assoc

iates have described the ability of this imaging agent to identify the presence of 

transmural and subendocardial infarction in patients beginning 24 hours after infarction . 

The ideal imaging time when this agent is utilized is 24 hours after the isotope is 

injected, thus making it approximately 48 hours after infarction before an optimal 

scintigram can be obtained when technetium-99m tetracycline is utilized. Problems 

associated with the use of this imaging agent have included, 1) the fact that the tetra

cycline concentrates in the liver making the identification of inferior or diaphragmatic 

myocardial infarctions difficult, 2) apparently the images obtained are not of high 

quality, and 3) there has been some as yet unidentified lack of sensitivity and spec

ificity when the tetracycline is used to perform the myocardial scintigrams. The 

3. Garten, R.J.: Clinical testing of 43 K scans of the heart. J. Nucl. Med. 13: 

432, 1973. 

4. Holman, B.L., M. Lesch, F.G. Zweiman, J. Temte, B. Lown, and R. Gorlin: Detection 

and sizing of acute myocardial infarcts with 99mTc (SN) tetracycline. New England J 

Med . :291: 159, 1974. 
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numbers of patients that have been studied with this scintigraphic technique are 

small (approximately 23 patients that have been studied have been reported in the 

literature thus far). Other agents utilized recently to obtain myocardial imaging 

have included long chain fatty acids (5), 9allium-67 (6), and cesium (7) but these 

agents have not yet achieved wide spread acceptance. 

Recently, we have evaluated technetium 99-m stannous pyrophosphate (99mTc- PYP) 

in both animals and man as an agent to identify the presence of acute myocardial in

farction. The hypothesis that lead to the use of 99mTc-PYP as a myocardial imaging 

technique was based on an observation made by Shen and Jennings (8) and D1Agostino (9) 

that calcium is deposited in the form of hydroxyapatite in irreversibly damaged myo

cardial cells in and adjacent to mitrochondria. 99mTc-PYP has been used for bone scan

ning in the past (10, 11) and it seemed possible that 99mTc-PYP might 

5 B t F J K D G h d J G M E . t 1 d . 1 . . . th l 31 I . one, .. , .. ra am, an .. oore: xpenmen a myocar 1a 1mag1ng w1 

labeled oleic acid . Radiology 108 : 195, 1973. 

6. Kramer, R.J., R.E. Goldstein, J.W. Hirshfeld, Jr., W.C. Roberts, G.S. Johnston, and 

S. Epstein: Accumulation of gallium-67 in regions of acute myocardial infarction. Am. 

J. Card. ll_: 861, 1974. 

7. Romhilt, D.W., R.J. Adolph, V.S. Sodd, N.I. Levenson, L.S. August, H. Nishiyama, and 

R.A. Berke: Cesium-129 myocardial scintigraphy to detect myocardial infarction. Circ . 

48: 1242, 1973. 

8. Shen, A.C., and R.B. Jennings: Kinetics of calcium accumulation in acute myocardial 

ischemic injury. Am. J. Path. 67: 441, 1972. 

9. D1Agostino, A.N., and M. Chiga: Mitochondrial mineralization in human myocardium. 

Am. J. Clin. Path . .§]__: 820, 1970. 

10. Subramanian, G., J.G. McAfee, E.G. Bell, R.J. Blair, R.E. 01 Mara, and P.H. Ralston: 
99mTc-labe1ed polyphosphate as a skeletal imaging agent. Radiology 102: 701, 1972. 

11. Fletcher, J.W., G. E. Solaric, R.E. Henry, and R.M. Donati: Evaluation of 99mTc

po1yphosphate as a bone imaging agent. Radiology 109:467, 1973. 
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identify the areas of irreversible injury in the myocardium after myocardial in-

farction. The original studies that were conducted in dogs with experimental myo

cardial infarction and they demonstrated that the hypothesis appeared to be true 

in that the area of myocardial damage could be demonstrated as an area of intense uptake 

of 99mTc-PYP on a myocardial scintigram (Figs. 2 & 3). More recently we have studied 

FIGURE 2 

Legend: A negative 99mTc-PYP myocardial scintigram is shown above. Panel A represents 

the anteroposterior, Panel B the left anterior oblique and Panel C the left lateral 

projections. Note the uptake of 99mTc-PYP in bony structures including sterum, ribs, 

and vertebral column but the lack of uptake in the region of the heart. 
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FIGURE 3 

Legend: A positive 99mTc-PYP myocardial scintigram is shown. The projections are 

the same as shown in the preceding figure. The open arrow points to the area of in

creased 
99

mTc-PYP uptake in the heart in this experimental animal with myocardial in-

farction. 



- 9 -

approximately 500 patients with chest pain of varying etiology utilizing 99mTc-PYP 

myocardial scintigrams (12-14) at Parkland Memorial Hospital. The results of these 

studies are listed in Table II in which the first 88 of these patients that evolved 

TABLE II 

PATIENTS WITH ACUTE MYOCARDIAL INFARCTION THAT HAD TECHNETIUM STANNOUS PYROPHOSPHATE 

MYOCARDIAL SCINTIGRAMS AT PARKLAND 
LOCATION OF INFAR-

ECG LOCATION TIME SCINTIGRAM PERFORMED CTION FROM SCINTI-
INITIALS AGE/SEX OF INFARCT! ON AFTER INFARCTION (HOURS) GRAM 

. 43/M Anterolateral 48 Anterolateral 
 83/F Antero 1 a tera 1 96 Antero 1 atera 1 
 55/M Anterolateral 72 Anterolateral 
 61/M Anterolateral 20 Anterolateral 
 55/M Anterolateral 144 Anterolateral 

. 55/M Anterior 120 Anterior 

. 56/M Anterolateral 96 Anterolateral 

. 48/M Anterolateral 96 Anterolateral 

. 63/M Antero 1 atera 1 96 Anterolateral 

. 56/M Antero 1 atera 1 120 Antero 1 atera 1 

. 55/M Anterolateral 120 Anterolateral 
 42/M Anterolateral 20 Anterolateral 
 82/M Anterolateral 96 Antero 1 atera 1 
 31/M Antero 1 a tera 1 48 Anterolateral 

table continued on next page ... . 
12. Parkey, R.E., F.J. Bonte, S.L. Meyer, J.M. Atkins, G.C. Curry, and J.T. Willerson : 

A new method for radionuclide imaging of acute myocardial infarction in humans. Circ . 

50: 540, 1974. 

13. Willerson, J.T., R.E. Parkey, F.J. Bonte, S.E. Meyer, and E.M. Stokely: Technetium 
99mstannous pyrophosphate myocardial imaging of acute subendocardial myocardial infarc-

tion in patients. Circ. In press, 1975. 

14. Willerson, J.T., R.E. Parkey, F.J. Bonte, S.L. Meyer, J.M. Atkins, and E.M. Stokely 

A new method for recognizing acute myocardial infarction in patients. Submitted to 

riY'r 1Q7LL 
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TABLE II - continued 
LOCATION OF INFAR-

ECG LOCATION TIME SCINTIGRAM PERFORMED CTION FROM SCINTI-
INITIALS AGE/SEX OF INFARCTION AFTER INFARCTION (HOURS) GRAM 

 67 /t·l Anterolateral 48 Antero 1 a tera 1 
. 54/M Anterolateral 48 Antero i a tera 1 
 29/M Anterolateral 120 Anterolateral 
 47/M Anterolateral 18 Antero 1 atera 1 
 77 /F Antero 1 a tera 1 72 Inferi·or 
. 50/F Anterolateral 72 Anterolateral 
 48/M Anterior 72 Anterior 

. 72/F Anterolateral 120 Anterolateral 

. 29/M Anterior 12 Anterior 
 36/M Antero 1 atera 1 48 Anterolateral 
. 45/M Antero 1 a tera 1 48 Anterolateral 
 42/M Anterolateral 18 Antero 1 atera 1 
 80/F Antero 1 a tera 1 48 Lateral 
. 52/M Anterior 24 Anterio r 
. 60/M Antero 1 a tera 1 24 Lateral 
. 81/M Antero 1 atera 1 20 Lateral 
 56/M Anterior 144 Lateral 
 80/M Anterol atera 1 48 Anterolateral 
 50/M Inferior 96 Inferolateral 
 55/M Inferopos teri or 48 Posterior 
 54/F Inferior 24 Inferior 
 45/F Inferior 24 Infero 1 atera 1 
 39/M Inferior 24 Inferior 
 57/M Inferior 144 Inferior 
 40/M Inferior 24 Inferior 
. 58/F Inferoposterior 48 Posterior 
 58/F Inferior 96 Inferior 

. 78/M Inferior 48 Inferior 
 55/M Inferior 72 Inferior 
. 60/M Inferolateral 72 Inferolateral 
. 51/F Inferior 48 Inferolateral 
 58/M Inferior 96 Posterior 

continued .... 
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TABLE II - continued 
LOCATION OF INFAR-

ECG LOCATION TIME SCINTIGRAM PERFORMED CTION FROM SCINTI-
INITIALS AGE/SEX OF INFARCTION AFTER INFARCTION (HOURS) GRAM 

. 54/M Inferior 96 Inferior 

. 39/F Inferior 120 Inferior 
 62/F Inferior 144 Inferior 
 45/M Inferior 72 Inferior 

. 78/M Inferior 72 Inferolateral 

. 55/F Inferior 144 Inferior 
 75/F Inferior 48 Inferopos teri or 
. 38/M Inferior 72 Posterior 
. 67/M Inferior 120 I nfero 1 a tera 1 
. 53/M Inferior 72 Inferior 
. 60/M Inferior 72 Inferior 
 80/M Inferolateral 48 I nfero 1 a tera 1 
. 53/M Inferior 72 Inferior 
 49/F Inferior 96 Posterior 
. 67/F Inferior 96 I nfero 1 a tera 1 
 64/M Inferopos teri or 48 I nferopos teri or 
 54/M Inferior 72 Inferior 
. t 73/F Inferior 300 Negative scinti·· 

gram 
. t 65/M Inferior 210 Negative sci nti-

gram 
 t 73/F Antero 1 a tera 1 336 Negative scinti-

gram 
. t 38/M Anterolateral 240 Negative scinti -

gram 
. t 36/M Anterior 240 Negative scinti -

gram 
. 60/M Subendocardial 48 Posterior 
. 63/F Subendocardial 48 Diffuse activity 

and difficult to 
localize 

. 44/M Subendocardial 96 Posterior 
 63/M Subendoca rdi a 1 48 Cannot localize 
. 80/M Subendocardial 72 Inferolateral 

continued .. . . 

t Myocardial scintigrams Qbtained more than 6 da!YS after myocardial infarction. 
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TABLE II - continued 

LOCATION OF INFAR-
ECG LOCATION TIME SCINTIGRAM PERFORMED CTION FROM SCINTI-

INITIALS AGE/SEX OF INFARCTION AFTER INFARCTION (HOURS) GRAM 

. 60/M Subendocardial 72 Anterior 

. 52/M Subendocardial 48 Diffuse activity 
and difficult to 
localize 

. 63/M Subendocardial 48 Pas teri or 
 52/F Subendocardial 72 Inferopos teri or 
 44/F Subendoca rdi a 1 96 Diffuse and diff-

icijlt to localize 
. 82/F Subendocardial 48 Anterior 
. 80/M Subendocardial 72 Diffuse and diff-

icult to localize 
. 91/ F Subendocardial 48 Diffuse and diff-

icult to localize 
. 66/F Subendocardial 72 Diffuse and diff-

icult to localize 
. 76/F Subendocardi a 1 72 Pas teri or 

. 59/M Subendocardial 48 Posterior 
. 50/F Subendocardial 48 Diffuse and diff-

icult to localize 
. 74/M Posterior 48 Pas teri or 
. 66/F Posterior 48 Posterior 
. 50/M In f e ro 1 ate r a 1 144 Inferolateral 

electrocardiographic and enzymatic evidence of acute myocardial infarction are shown 

with the results of the 99mTc- PYP myocardial scintigrams. It has been possible to 

identify acute transmural myocardial infarctions involving the anterior, inferior, true 

posterior, or lateral surface as well as to identify acute subendocardial myocardial 

infarctions. Examples of the different types of myocardial infarction are shown in the 

scintigrans in Figures 4,5, & 6. 99mTc-PYP myocardial scintigrams become positive 12 hours 
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FIGURE 4 

Legend: The above figure demonstrates an acute anterior myocardial infarction in ~ 

patient. The top 3 paneis demonstrate the unprocessed image. The middle 3 panels 

demonstrates the computer processed image; and the bottom 3 panels the artists 

schematic representation of the. site of the myocardial damage. 
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FIGURE 5 

Legend : An acute inferior myocardial infarction obtained from a patient 4 days aft er 

h . d. 1 . f . N h . 1 . k f . d ggmT 1s myocar 1a 1n arct1on . ote t e characterist1c plate 1 e area o 1ncrease c-

pyp uptake along the diaphragmatic aspect of the heart. Again note the help that 

computer processing provides . 
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FIGURE 6 

SUBENDOCARDIAL MYOCARDIAL INFARCT 

DAY 4 

Legend: A 
99

mTc-PYP myocardial scintigram obtained from a patient with an acute sub

endocardial myocardial infarction. Note the fainter and more diffuse uptake of the 
99

mTc-PYP with this type of infarction as compared to that occurring with transmural 

myocardial infarction shown in earlier figures. 
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after myocardial infarction and remain positive for at least 6 days after infarction 

at the time of repeat scintigrams . We have noticed that there is a tendency for the 

myocardial images to become progressively more well defined and brighter over the 

first 2 to 3 days after infarction, thus, if the initial scintigram obtained within 

hours after infarction is equivocal or negative it should be repeated 48- 72 hours later. 

Why these scintigrams become brighter over first 48-72 hours is presently uncertain 

but the answer has several potentially important diagnostic and therapeutic implications. 

The 99mTc-PYP myocardial scintigram localization of infarction has correlated almost 

precisely with the electrocardiographic localization of infarction for acute transmural 

myocardial infarctions. Acute subendocardial myocardial infarction has generally app

eared to be a diffusely and faintly positive uptake of the 99mTc-PYP by the heart in 

a pattern that is extremely difficult to localize to one select area. Therefore, there 

has not been a good correlation between the ECG and the myocardial scintigram local 

ization of acute subendocardial myocardial infarction. Patients imaged for the first 

time 6 or more days following myocardial infarction, may have a negative myocardi al 

scintigram for reasons as yet undefined. 

We have found that l/3 of our patients with "unstable angina pectoris" have had 

positive 99mTc- PYP myocardia 1 sci nti grams. Thes:e sci nti grams have appeared as faintly 

and diffusely positive uptake of the radionuclide material in a pattern suggesting diff use 

subendocardial infarction. In these patients with "unstable angina" there was neither 

electrocardiographic nor enzymatic evidence of myocardial infarction. It also appears 

that those patients with "unstable angina pectoris" with positive 99mTc - PYP myocardial 

scintigrams have been those with the poorest ventricular function and the most severe 

coronary artery disease among our group of patients with "unstable angina." We believe 

that the positive 99mTc-PYP scintigrams represent a more sensitive ability of this 

imaging technique to identify myocardial necrosis than the more standard electrocardio-



- 17 -

graphic and/or enzymatic studies, though we do not yet have the necessary histological 

examinations that would allow us to prove this point. 

We are aware that we have not documented the presence of acute inferior myocardial 

infarction in two patients with clinical histories, ECG changes and subsequent en zy

matic evolution that documented inferior infarction. This then represents 2 ou t of 

500 patients imaged 0ithin the appropriate time (12 hours-6 days) after infarction with 

false negative sci~tigram. In concomitant experimental animal studies performed in 

collaboration with Dr . Max Buja , (cardiac pathologist at Southwestern) , we have deter

mined that this myocardial imaging technique is capable of recognizing acute myocardial 

infarction in which at least 3 grams of left ventricular tissue is irreversibly dam

aged. In addition, it appears that it is necessary for there to be confluent areas of 

necrosis in order for the 99mTc- PYP scintigram to be positive. Therefore, we believe 

that those 2 patients with inferior myocardial infarction with negative myocardial 

scintigrams probably had myocardial necrosis that was both very small and perhaps patchy . 

In addition, we are aware of 4 patients in this total group of 500 that have been 

studied to date that have had positive myocardial scintigrams but tbat have failed to 

evolve ECG or enzymatic evidence of myocardial infarction. These 4 patients did not 

have 11 Unstable angina pectoris. 11 Thus, they would appear to represent false positive 

tests but it may well .be that they had infarction which was not documented by the more 

standard techniques or that they had some other form of myocardial damage other than 

coronary artery induced myocardial infarction . Additional studies will have to be done 

in order to precisely define the incidence of both false negative and false positive 

myocardial scintigrams when 99mTc-PYP is utilized. However, at this point in time , it 

appears that the imaging technique is safe, sensitive, and that the incidence of both 

false positives and negatives is quite small. 

In some additional 250 patients admitted to the hospital .with chest pain of varying 

etiology but with no evolution of their electrocardiogram or cardiac enzymes the 
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99mTc-PYP myocardial scintigrams were negative. Diagnoses: in these patients have 

ranged from angina to blunt or penetrating chest wall trauma, primary myocardial 

disease, pericarditis, syncope of unknown etiology, cardiac arrest of unknown etiology, 

rheumatic valvular heart disease, and other various medical problems. 

The half- life of the ggmTc-PYP is 6 1/2 hours, the cost of the isotope per inject i on 

is $10.00, the radionuclide is administered intravenously , and myocardial imaging is 

performed 1 hour after the injection of the 99mTc-PYP. The entire imaging time is 

approximately 15 minutes and currently it is performed at the patient 1 S bedside in the 

medical intensive care unit at Parkland Memorial Hospital using a Nuclear Data portable 

scintillation camera. In addition, studies are performed in reasonably well patients 

in the nuclear medicine department at Parkland Memorial Hospital under the guidance of 

Drs . Robert Parkey and Fred Bonte. 

It should be noted that 99mTc-PYP does concentrate in bone and thus uptake i n ribs, 

sternum, and vertebral column can occasionally present a problem as one attempts 

to identify whether or not myocardial infarction has occurred . This turns out to be 

a very rare occurrence, however, and in fact, generally the 1 oca 1 i zati on of the 99mTc

pyp in the sternum h~lps to localize the area of damage i~ the heart. Computer proc

essing of the image is possible by virtue of having the scintillation camera inter

faced to a PDP-81 computer with 12K of core. Images are placed on 7 track magnetic 

tape for later retreival. The computer processing utilizes imaging enhancement to help 

define the lesion. As mentioned however, it is a very rare instance in which computer 

processing of an image is necessary to define whether or not myocardial infarction is 

present; but computer processing of the image may be very helpful in sizing myocardial 

infarction in patients in the future. 

Extension of myocardial infarction has occurred in 5 of our ·patients. In each ins 

tance the 99mTc-PYP myocardial scintigrams identified the extension of the infarction 

which was also confirmed by a change in electrocardiograms and further evolution of 

cardiac enzymes. The mechanism of the positive 99mTc-PYP myocardial scintigrams after 
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infarction is still presumed to be the fact that pyrophosphate complexes with 

calcium deposited intracellularly as hydroxyapatite in irreversibly damaged cells 

near and in mitochondria. However, it is possible that some labeling of polymorpho-

nuclear leucocytes also is responsible at least in part for the positive image. Ex 

perimental animal studies have defined that the area (s) of increased 99mTc-PYP 

uptake are area (s) in which some blood supply persists; in the absolute center of an 

area of infarction where no blood supply penetrates there is no significant increased 

uptake of the 99mTc-PYP and neither is there significant intracellular deposition of 

calcium nor migration of polymorphonuclear leucocytes. In the immediately adjacent 

area however, where some blood flow penetrate~ by viture of collateral blood vessels 

there is intense 99mTc-PYP uptake, marked intracellular calcium deposition and marked 

polymorphonuclear leucocyte migration. We are not yet certain whether under some 

circumstances damaged but not irreversibly damaged myocardial cells take up 99mTc- PYP; 

this is a point that we are actively attempting to define at the present time. 

NONINVASIVE EVALUATION OF LEFT VENTRICULAR FUNCTION USING RADIONUCLIDES 

Other agents are currently being evaluated for myocardial imaging in patients with 

myocardial infarction. In particular thallium appears to be an ideal agent for imag-

. th 11 f d f d. I . 1 . th 43 K . t . 1ng ewe per use areas o myocar 1um. t 1s ess expens1ve an , 1 1s 

easier to obtain, and it appears to provide better images. Thus, identification of well 

perfused areas of the myocardium should be possible utilizing this radionuclide. It 

is easy to imagine that some combination of radionuclide imaging techniques such as 

that potentially prov1ded by 99mTc-PYP to identify areas of irreversible damage and 

thallium to identify well perfused areas of the myocardium might be quite valuable in 

identifying 1) that portion of the myocardium that has adequate blood supply, 2) that 

portion that is irreversibly damaged, and 3) that portion that is not yet irreversibly 

damaged but is under perfused. We plan to begin to use radionuclide combinations such 
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as the one mentioned above for myocardial scintigrams in patients with myocardial 

infarction beginning in the very nea r future. 

Recently, it has also become possible to measure end systolic and end diastolic 

ventricular volumes and ejection fraction using radionuclides. In particular tech 

netium labeled albumin has been utilized (15, 16) to measure ventricular volumes and 

ejection fractions in patients after myocardial infarction. Sequential measurements 

have been made in order to identify deteriorating or improving ventricular function. 

It is our immediate intention at Parkland to begin to not only document the presence 

of myocardial infarction and its location using 99mTc- PYP but to measure ventricular 

volumes and ejectionfractions on a sequential basis in patients after infarction . Thus , 

using this radionuclide technique it should be possible to rather precisely characteri ze 

ventricular function and the location and presence of myocardial damage in patients 

with acute myocardial infarction. 

SUMMARY 

The evaluation of radionuclides for myocardial imaging in patients with coronary ar

tery disease and acute myocardial infarction is a very promising area of investigation 

for the future and one that appears to be very important in patient care presently . 

The utili zation of techniques mentioned on the previous pages has already opened up 

additional possibilities regarding our ability to diagnose and localize both transmural 

and subendocardial myocardial infarction . It has also become possible to recognize 

extension of myocardial infarction utilizing myocardial scintigrams. We have really 

15. Salel, A. F., D.S. Berman, G.L. DeNardo, and D.T. Mason: Noninvasive radioisotopic 

evaluation of regional dyskinesis and pump performance in coronary disease: use of 

nitroglycerin in detection of reversible sequential ischemia. Circ. 50: III-26, 1974 . 

16 . Schelbent, H., et al: Early and late serial 99mTc determinations of ejection 

fraction in patients with acute myocardial infarction. Circ. 50: III_27, 1974 .. 
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just scratched the surface of the potential usefulness of techniques such as these 

and the next few years should bring a rapidly expanding interest in these diagnostic 

maneuvers .and the adoption of many of them for general use in coronary care units 

across the country. 

SIZING ACUTE MYOCARDIAL INFARCTION 

Recently it has become clear from the work of a number of different investigators 

that the size of the area of damage occurring after acute myocardial infarction is 

of tremendous importance. In particular the work of Page and Caulfield (17) has dem

onstrated that patients that develop cardiogenic shock after myocardial infarction are 

those that have more than 40% of their left ventricl e irreversibly damaged (Fig. 7). 

This damage might occur as the result of a single large myocardial infarction or as 

the cumulative result of several previous myocardial infarctions. In addition, it 

has also become apparent recently that patients with large myocardial infarctions are 

those that ultimately develop medically refractory left ventricular failure and those 

that develop malignant ventricular tachycardia-fibrillation. 

FIGURE 7 
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17. Page, C.L., et al: Myocardial changes associated with cardiogenic sho ck . r~ew 

EnglandJ. Med . 285:133,1971. 
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Legend to Figure 7: Percentage loss of left ventricular tissue in patients with 

(Group A) and without (Group B) card i ogenic shock. The percent of left ventricular 

muscle tissue irreversibly damaged i s shown on the vertical axis of this figure . 

Recently a great deal of attention has been paid to means by which the area of 

damage can be measured aft er myocardial infarction in patients. There are severa l 

techniques currently being utilized, and these include 1) precordial ST segment mapping , 

2) CPK release measurements, and 3) the measurement of the area of damage from radio

nuclide myocardial scintigrams. Each of these will be discussed separately bel ow . 

Precordial ST segment mapping: 

The rationale for the use of precordial ST segment mapping for the measurement of 

infarct size originates from studies done in experimental animals by Maroko and Braun

wald and their associates in which they have demonstrated that sites of epicardial ST 

segment elevation are sites of subsequent cell death, and CPK tissue depletion (18- 20) . 

Others have also demonstrated that epicardial sites of ST segment elevation are 

sites of profound anaerobic metabolism, lactate accumulation, high energy phosphate dep

letion, hypoxemia, and reduced blood flow (21). Some caution has to be exerted however , 

in interpreting epicardial ST segment changes since at least one group of inves tigators 

18 . Maroko , P. R. , et al : Fact ors influencing infarct size following experiment al 

coronary artery occlusion. Circ. 43 : 67, 1971 . 

19. Maroko, P. R. , et al: Effects of intraaortic balloon counterpulsation on the sev

erity of myocardial ischemic injury following acute coronary occlusion; counterpulsation 

and myocardial injury . Circ. 45: 1150, 1972 . 

20. Maroko, P.R. , et al: Reduction by hyaluronidase of myocardial necrosis following 

coronary artery occlusion. Circ . 46: 430, 1972. 

21. Karlsson, J . , G.H. Templeton, and J .T. Willerson: Relationship between epicardial 

ST segment changes and myocardial metabolism during acute coronary insuffici,ency . Circ. 

Res . 32 : 725, 1973. 
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has suggested that subendocardial ischemia might proceed at a time that epicardial 

ST segment elevation is becoming les s impressive (22). 

Maroko and his associates have utilized epicardial ST segment change~ in dogs with 

acute coronary insufficiency to determine what physiologic and pharmacologic interven

tions alter infarct size (18- 20). Others have also utilized epicardial ST segment 

elevation to identify changes in experimental infarct size in animals following various 

interventions (23-25). 

A logical extension of epicardial ECG mapping to measure infarct size would be the 

utilization of precordial mapping in patients with acute myocardial infarction (26). 

The so called 11 Maroko blanket 11 shown in Figure 8 is utilized for precordial mapping in 

patients with acute myocardial infarction in an effort to identify relative infarct 

size and to assess the importance of certain physiologic and pharmacologic interventions 

22. Cohen, M.V ., and E.S. Kirk: Reduction of epicardial ST segment elevation following 

increased myocardial ischemia; experimental and theoretical demonstration. Clin . Res. 

22 : 269A, 1974. 

23. Willerson, J.T., et al: Influence of hyperosmolar mannitol on ventricular function 

and coronary blood flow during acute coronary insufficiency . J. Clin . Invest. 51: 

2989, 1972. 

24 . Red\1ood, D.R., E.R. Smith, S.E. Epstein: Coronary artery occlusion in the conscious 

dog; effects of alterations in heart rate and arterial pressure on the degree of myo

cardial ischemia. Circ. 46 : 323, 1972 . 

25. Thibault, G.E., G.S. Farnham, R.W. Myers, R.E. Goldstein, S.E. Epstein: Increased 

myocardial ischemia caused by reflexly induced hypotension during coronary occlusion in 

the conscious dog. Clin. Res. £!.._: 454, 1973. 

26. Maroko, P.R., P. Libby, J.W. Covell, B.E. Sobel, J . Ross, Jr., E. Braunwald: Pre

cordial ST segment elevation mapping; and a traumatic method for assessing alterations 

in the extent of myocardial ischemic injury. The effects of pharmacologic and hemodyna

mic interventions. Am . J. Card. 29: 223, 1972. 
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in altering infarct size. 

FIGURE 8 

Maroko Blanket 

Legend: This device consists of 35 precordial leads arranged in the 7 rows of 5 

from which ECG potentials are monitored . 
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The 11 Maroko blanket 11 consists of 35 precordial leads arranged in 7 rows of 5 from 

which one can relatively, rapidly monitor ST segment elevation by otaining 5 to 6 

electrocardiogram complexes from each lead. The amount of ST segment elevation is 

summed and greater degrees of ST segment elevation are presumed to represent larger in

farct size. However, some reservat ·ion has to be exerted in interpreting data obtained 

from precordial ST segment mapping. First, there is not convincing evidence as yet 

that precordial ST segment mapping is analogous to epicardial ST segment mapping. 

Second, in patients there are many medications that alter precordial ST segments notably 

digitalis as well as certainphysiological changes that occur following infarction, in

cluding pericarditis, heart rate changes, ischemia without infarction, cardioversion , 

temperature changes, etc. Thus, many investigators are reluctant to accept that pre

cordial ST segment mapping provides a meaningful measurement of infarct size in patients 

with acute myocardial infarction. It will be very important in the future to correlate 

infarct size measured with precordial ST segment mapping with histological measurements 

of infarct size and with other parameters currently being utilized (see discussion be

low) to measure infarct size. 

II. CPK clearance measurements for estimating acute myocardial infarction size. 

Sobel and his associates have described the usefulness of serial measurements of 

creatine phosphokinase (CPK) release from the heart as an index of the extent of myo

cardial necrosis in animals (27) and in man (28) with myocardial infarction. Utilizing 

Sobel •s methods serum has to be collected hourly for a total of 48 hours for total serum 

CPK measurement in patients with acute myocardial infarction. CPK is 

27. Shell, W.E., J.K. Kjekshus, B.E. Sobel: Quantitative assessment of the extent of 

myocardial infarction in the conscious dog by means of analysis of serial changes in 

serum creatine phosphokinase activity. J. Clin. Invest. 50: 2614, 1971. 

28. Sobel, B.E., G.F. Bresnahan, W.E. Shell, et al: Estimation of infarct size in man 

and its relation to prognosis. Circ. 46: 640, 1972. 
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measured by the back reaction with cysteine activation according to the Rosalki method. 

Infarct size is calculated from a formula derived in animal studies relating CPK re-

lease to the magnitude of CPK depletion from the heart. The principle underlying the 

calculation is that the instantaneous rate of change of serum enzyme activity (de/dt) 

is due to two competing phenomena: 1) release of myocardial CPK into the circulation 

as a function of time [f (t)] and 2) disappearance of CPK conforming to first-order 

kinetics with a constant fractional disappearance rate, kd. Thus, from Sobel 1 S cal

culations: dE/dt = f _(t) Kd E where E =serum enzyme concentration. With knowledge of 

the distribution space into which CPK released from the heart is diluted, the instant

aneous fractional disappearance rate of CPK (Kd), the CPK concentration in normal myo

cardium (CPKN), the concentration of CPK in infarcted myocardium ([CPKI]), and the 

total amount of CPK depleted (CPK0), one can calculate infarct size (I) in CPK - g- Eq. 

from the relationship: 

I = CPKI 

[CPKN] - [CPKI] 

One CPK-g-Eq is that quantity of tissue from which CPK depletion has occurred equal in 

magnitude to CPK depletion in 1 gm of myocardium exhibiting homogeneous necrosis. CPK0 

can be determined from total CPK released (CPKR) when the fraction of CPK0 released 

into the circulation is known. CPKR is calculated from rearranging the terms in an 

earlier equation and integration to provide: 

+ (+ s 
0 

f (t) dt =) 
0 

(dE/dt - kdE) dt = Et 
+ 

Kd ~ 
0 

Edt 

in which the last term may be approximated by Kd E
0 

E lit. The value of the expression 

(+0 f ) ( t) dt 
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represents the concentration of CPK (I~/ml of serum) released from the heart that 

would have been observed had there been no removal of CPK from serum. Therefore, 

the amount of CPK released (CPKR) = ~: f (t) dt multiplied by the CPK distribution 

space. In the dog only 30% of the enzyme activity lost from myocardium is released 

into the circulation; the remainder undergoes local degradation (27). Similar infor-

mation regarding the amount of enzyme activity lost from the heart of man as a function 

of time is not yet available so calculations in man are based on principles derived 

from observed measurements in dogs with experimental coronary occlusion. 

Sobel and his associates have utilized the CPK release measurements to obtain data 

that suggests that rapid heart rate in the experimental animal (29) and increased 

blood pressure in man (30) extend infarct size. In addition there appears to be a 

striking relationship between infarct size measured using this CPK release technique 

and mortality in 33 patients studied by Sobel and his associates as shown in Figures 

9 and 10. 

FIGURE 9 
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FIGURE 10 
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Additional information concerni ng this technique is shown in Figures 11, 12, and 13. 

FIGURE 11 

1500 
, ........ -.-. 

/ - I o'"'O-o-o-0--0-0 
~ 

1200 ~ 
o..o-

" j o" 
o' 

0 j ,6' 
0 .. 

I e 900 r-

J 
..... 
:::) 

0 I "'-' en 

/ <: 
"'-' 600 ~ J ~ 

"'-' a:: o HUMAN 
::..:: 

"I 
0? Q. 

• DOG u 

01 "'-' 300 > 

j ~ 
<: 
~ • :::) 

0~ j ::E 
:::) 
u 

_l L I 

0 B 16 24 32 40 48 56 
TIME ( hr l 

Cumulated CPK released following myocardial infarc
tion occurring spontaneously in a patient and induced 
experimentally in a conscious dog. The values plotted 
were calculated from the serum C PK data according 
to the method in the text. 



- 30 -

FIGURE 12 
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Organ assay of isoenzymes of CPK. Homogenates of autopsy specimens of human tissues are assayed for 
type of CPK activity. Light gray areas represent areas of isoenzume localization. Skeletal muscle in slot 1 
has MM form only. Heart muscle in slots 2 and 5 has both MM and MB forms. Brain in slot 7 has BB 
torm only. (Slots 3, 4, and 6 are not used.) 
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FIGURE 13 

Infarct size (CPK-g-Eq) 

82 = 1(}--1 
p < 0.02 

50= 8--' 
14 = 7 

--I 

p < 0.01 
I 

I 
p < 0.01 

I 

•Results are expressed as means = SE. Significance was determined with Student's t test. 

Le ~e nd: The data in the above figure suggests that anterior myocardial infarction 

is associated with more myocardial tissue damage than that occurring with inferior and 

subendocardial infarction when CPK release measurements are used to measure infarct size. 
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The patient studies that have been performed using the CPK release measurement 

of infarct size have generally calculated a 11 predicted 11 infarct size from a relatively 

small group of patients and then obtained a measured infarct size in a treated group 

of patients for comparison. 

Despite the data obtained, many investigators have reservations about the usefulness 

of this technique in measuring infarct size in patients. These reservations are based 

on 1) there has as yet been no comparison of this technique with others utilized for 

measuring infarct size, 2) there has been no histological study in animals yet re

ported that confirms that there are directionally similar changes in infarct size when 

CPK release and histological measurements are made, 3) there is concern about the 

drainage of CPK from the heart i.e. a significant amount may not be drained from the 

heart even when released from myocardial cells after infarction and 4) the frequency 

of blood determinations is also a problem. Tbus, work remains to be done to further 

establish the validity of this measurement as an index of infarct size. 

99mTc-PYP MYOCARDIAL SCINTIGRAM$ TO MEASURE INFARCT SIZE 

The myocardial scintigraphic approach to the measurement of infarct size is one 

that is just now being evaluated. Since one can identify the area of myocardial dam

age _as an area of intense 99mTc-PYP uptake it should be possible to measure the area 

of damage. We have just begun these studies at Parkland Memorial Hospital and thus 

far this approach looks very promising. The technique of measuring the area of damage 

29. Shell, W.E., P.O. Henry, B.E. Sobel: The effect of increased heart rate on infarct 

size in the conscious dog. (Abst) Circ. 44 (suppl II): II-61, 1971. 

30. Shell, W.E., and B.E. Sobel: Protection of jeopardized ischemic myocardium by 

reduction of ventricular afterload. New England J. Med. 291: 481, 1974. 
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involves 1) planimetering the area of damage and 2) measuring the area of increased 

uptake of the 99mTc-PYP utilizing computer techniques. The absolute area of myo

cardial damage can be expressed in absolute terms as cm2 or as %of total heart 

size if a blood pool image is also obtained ~ ithin seconds after the 99mTc-PYP is 

injected. Table III demonstrates the area of damage as correlated with total serum 

CPK inpatients with anterior, inferior, and subendocardial myocardial infarction. 

Figure 14 shows the relationship between infarct size in cm2 and total serum CPK in 

20 patients with acute anterior or lateral myocardial infarction recently studied at 

Parkland Memorial Hospital. There is a suggested relationship between these 2 para-

meters as is shown in the figure though it is not of absolute statistical significance 

as yet. 
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TABLE III 

Comparison of the extent of myocardial damage measured using 99mTc-PYP myocardial 

scintigrams and total serum CPK in patients 

Anterior myocardial infarction 

·' 

 
. 
. 

. 

. 
 

. 

. 
 

. 
 

. 

. 

. 

. 

. 

. 
 
 
. 
. 
 
 

 

 

 
. 

Inferior myocardial 

33 

30 

58 

16 

42 

38 

14 

36 

47 

60 

39 

18 

24 

44 

12 

59 

infarction 

9 

42 

26 

27 

29 

37 

25 . 

17 

32 

19 

17 

Total serum CPK 

420 

1934 

514 

156 

1401 

748 

187 

563 

584 

1247 

500 

450 

447 

423 

512 

1209 

515 

709 

639 

288 

1050 

410 

388 

590 

580 

255 

277 
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TABLE III - Continued 

Lateral myocardial infarction 

. 

. 

. 

. 

. 

. 

 

. 
 

. 

. 
 

Lateral myocardial infarction 

Subendocardial 

40 

20 

36 

25 

46 

32 
15 

m,locardial 

60 

53 

19 
47 

54 

infarction 

Tota 1 serum CPK 

291 
432 

475 

106 

534 

240 

321 

660 

225 

380 

405 

277 

There appears to be an ever stronger relationship between complications of acute 

myocardial infarction such as cardiogenic shock, severe left ventricular failure and 

or recurrent and medically refractory ventricular tachycardia and infarct size in 

patients with anterior or lateral myocardial infarction. Thus far there does not 

appear to be a strong relationship between infarct size and total serum CPK or complica

tions of acute myocardial infarction in patients with inferior or subendocardial in

farction. We believe that our ability to see and measure the posterior extension of 

inferior myocardial infarction is 1 imited because the are of damage usually is represen

ted by a plate like area of increased uptake of 99mTc-PYP on the diaphragmatic surface of 

the heart. The area (s) of increased 99mTc-PYP uptake with acute subendocardial myo-
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cardial infarction are typically patchy and scattered making its precise measurement 

difficult. 

In simultaneous experimental animal studies done to measure infarct size in dogs 

with acute myocardial infarction both histologically and by 99mTc-PYP myocardial 

scintigrams it is clear that there is a very definite directional relationship between 

infarct size measured histologically and by scintigram . The scintigraphic measurement 

of infarct size is typically 2 l/2- 3 X ,larger than the histological one; this is 

no surprise, however, since the scintigraphic measurement is one of area and the his-

tological one is one of weight or volume. The exact interrelationships between the 

two will have to be further determined in the future . 

Presently we are in the process of comparing infarct size in patients (and plan to 

do the same in experimental animals) utilizing precordial ST segment mapping, Sobel's 

CPK release measurements, and the 99mTc-PYP myocardial scintigrams in each individual 

patient ~with a myocardial infarction . Independent of whether one technique measures 

infarct size better than another, it seems possible that each measurement may provide 

some information not made available by another technique and that the use of all 3 

will provide a much more meaningful assessment of infarct size in patients than any 

one alone. Following the completion of the intercomparisons of all three techniques 

we plan to begin a study of the influence of various pharmacological interventions on 

infarct size in patients using all 3 measurements serially in every patient. 
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CIRCULATORY ASSISTANCE 

1. AVCO intraaortic balloon circulatory assistance 

A. Use of AVCO balloon counterpulsation in patients in cardiogenic shock, severe 

medically refractory LV failure, and or medically refractory ventricular tachycardia. 

Mechanical circulatory assist devices are being used with increasing frequency 

in patients with cardiogenic shock (31-34). Extensive experience has been obtained 

by Sanders and his associates (31, 32) and by Kantrowitz and co-workers (33) utilizing 

intraaortic balloon counterpulsation. We have recently supported with AVCO intra-

aortic balloon counterpulsation 27 patients with either cardiogenic shock, severe 

medically-refractory left ventricular failure, or recurrent and refractory ventricular 

tachycardia secondary to acute myocardial infarction or extensive myocardial disease (35)~. 

Twenty-seven patients (22 males and 5 females (Table IiV) ranging in age ;from 37 to 

71 (mean 51 .8) years have been supported with the AVCO intraaortic balloon counterpul-

31. Sanders, C.A., M.J. Buckley, R.C. Leinbach, E.D. Mundth, W.G. Austen: Mechanical 

circulatory assistance; current status and experience with combining circulatory ass-

istance, emergency coronary angiography, and acute myocardial revascularization. Circ. 

45: 1292, 1972. 

32. Dunkman, W.B., R.C. Leinbach, M.J. BucRley, E.D. Mundth, A.R. Kantrowitz, W.G. 

Austen, C.A. Sanders: Clinical and hemodynamic results of intraaortic balloon pumpinn 

and surgery for cardiogenic shock. Circ. 46: 465, 1972. 

33. Kantrowitz, A., S. Tjnneland, P.S. Freed, S.J. Phillips, A.N. Butner, J.L. Sherman, 

Jr.: Initial clinical experience with intraaortic balloon pumping in cardiogenic shock. 

JAMA 203: 113, 1968. 

34. Kasser, I.S., J.W. Kennedy: Measurement of left ventricular volumes in man by 

single-plane cineangiocradiography. Invest. Radial. !: 83, 1969. 

35. Willerson, J.T., et al: Mechanical circulatory assistance in patients in cardiogen-

i c shock, severe medically refractory 1 eft ventricular failure; or recurrent ventricular 

tachycardia. Am. J. Med. In press, 1975. 
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58/M 

45/M 

71 /F 

62/M 

43/M 

45/M 

57/M 

51/M 

61/M 
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TABLE IV 

BALLOON SUPPORTED PATIENTS 

Diagnosis 

Cardiogenic shoe, myocardial 
disease 

Cardiogenic shoe, alcoholism 

Period of 
Balloon 
Support 

65 hours* 

56 hours* 

Cardi ogeni c shock, acute infer- 21 hours 
ior myocardial infarction 
Cardiogenic shock, acute anter- 29 hours 
olateral myocardial infarction, 
recurrent ventricular and suprav
entricular tachycardia 
Severe refractory left ventricu- 9 days 
lar failure, coronary artery 
disease 

Cardiogenic shock, acute infer
ior myocardial infarction 6 days* 

Cardiogenic shock, acute an- 10 days* 
teroseptal myocardial infarction 

Cardiogenic shock, acute anter- 2 hours 
ior myoca~dial infarction 
Cardiogenic shock, recurrent 
ventricular tachycardia, ac
ute anterolateral myocardial 
infarction 

24 hours 

Ultimate Outcome 

Died of pneumonia 7 

days after balloon re
moved 
Died of neurological 
complications 7 days 
after balloon removed 

Died on balloon supp
ort 
Died on balloon supp
ort 

Discharged from hospi
tal; returned 2 months 
later with stone in 
common duct and died 

Discharged and alive 
14 months later 
Died 1 day prior to 
hospital discharge of 
sudden cardiac asys
tole 
Died on balloon supp
ort 
Died on balloon supp
ort 
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Age, 
Sex 

50/M 

45/M 

62/M 

56/M 

57/M 

57/F 

53/F 

44/F 

49/M 
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TABLE IV - Continued 

BALLOON SUPPORTED PATI ENTS 

Diagnosis 

Acute anterior myocardial 
infarction, refractory ve
ntricular tachycardia, and 
cardiogenic shock 
Acute anterior myocardial 
infarction, cardiogenic 
shock 
Acute anteroseptal myocard
ial infarction, cardiogenic 
shock 
Acute anterolateral myocar
dial infarction, cardiogen-
ic shock 
Acute inferior myocardial in
farction, cardiogenic shock 
Acute anteroseptal myocard- . 
ial infarction, cardiogenic 
shock, recurrent ventricular 
tachycardia 
Acute anteroseptal myocardial 
infarction, cardiogenic shock, 
recurrent ventricular tachy-
cardia 

Period of 
Balloon 
Support 

2 days 

3 days 

3 days 

4 hours 

4 days* 

9 days* 

5 days 

Severe refractory left vent- 8 days 
ricular failue, acute anter
olateral myocardial infarction 
Cardiogenic shock, severe re- 4 days 
fractory left ventricular fa-
ilure secondary to coronary 

artery disease 

Ultimate Outcome 

Died postoperatively 
of low cardiac output 

Died on balloon post
operatively of low 
cardiac output 
Died on balloon supp
ort 

Died on balloon supp
ort 

Discharged and alive 
6 months postdischarge 
Died postoperatively 
of recurrent ventri
cular tachycardia 

Died on balloon supp
ort of refractory ve
ntricular tachycardia 

Died on balloon supp
ort with ventricular 
tachycardia 
Died on balloon supp
ort 
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Age, 
Sex 

44/M 

45/M 

37/M 

70/M 

48/F 

55/M 

50/M 

40/M 
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TABLE IV - Continued 

BALLOON SUPPORTED PATIENTS 

Diagnosis 

Acute anteroseptal myocar
dial infarction, severe re-
fractory left ventricular 
failure, recurrent ventricu-
lar tachycardia and cardia-
genic shock 
Acute anteroseptal myocard
ial infarction, refractory 
ventricular tachycardia 
Acute anterior myocardial 
infarction with cardiogenic 
shock 

Period of 
Ba 11 oon 
Support 

2 days 

2 hours 

24 hours 

Acute anterior myocardial in- 17 days 
farction with cardiogenic sh-
ock 
Recurrent ventricular tachy- 3 days* 
cardia after cardioversion 

Cardiogenic shock following 
mitral valve replacement 

Cardiogenic shock (etiology 
unknown) and refractory ve
ntricular arrhythmias 

Cardiogenic shock and acute 
anterior myocardial infarc

tion 

9 days* 

6 days* 

8 hours 

Ultimate Outcome 

Died of refractory 
ventricular tachycar
dia on balloon support 

Died on balloon supp
ort of refractory ven
tricular tachycardia 
Died on balloon supp
ort of cardiogenic 
shock 
Died in cardiogenic 
shock 

Recovered and disch
arged from the hospi
tal 
Weaned from balloon 
assist but subsequen
tly died of progress
ive pulmonary disease 
Weaned from balloon 
assist but subsequen
tly died of cardiac 
asystole 2 days later 
Died in cardiogenic 
shock on balloon ass
ist 
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Age, 
Sex 

45/M 
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TABLE IV - Continued 

BALLOON SUPPORTED PATIENTS 

Diagnosis 

Acute inferoposterior myo-

cardiac infarction with 

cardiogenic shock and severe 

left ventricular failure 

* Weaned from balloon support. 

Period of 
Balloon 
Support 

2 hours 

Ultimate Outcome 

Died on balloon supp-

ort 
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sation system. All of these patients were hospitalized at 

 in Dallas, Texas. The clinical details of these patients are listed in Table IV. 

Cardiogenic shock was present in 23 patients (Table V ). This was secondary to an 

TABLE V 

INTRAAORTI C BALLOON SUPPORT 

Cardiogenic Shock 

23 Patients 

Acute MI 

20 

Anterior 

Myocardial 

Infarction 

16 

27 Patients 

Other 

3 

Inferior 

Myocardial 

Infarction 

4 

No Shock 

4 Patients 

acute myocardial infarction in 20 patients. Sixteen had an anteroseptal or antero

lateral infarction and 4 haq an inferior or inferoposterior myocardial infarction. 

In the 3 remaining patients with shock but without acute myocardial infarction, one 

had idiopathic myocardial disease ( ), one had myocardial depression following card

iac surgery ), and one ( ) had cardiogenic shock associated with alcoholism. In 

the 4 patients without cardiogenic shock (Table V ), one had severe myocardial disease 

with medically-refractory congestive heart failure resulting from severe chronic coronary 

artery disease and several previous myocardial infarctions ( ). One patient had 
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severe left ventricular failure secondary to an acute anterolateral myocardial infarc

tion ( ), and 2 had medically-refractory ventricular tachycardia (  and ). 

Appropriate medical therapy was instituted in patients .demonstrating clinical 

evidence of cardiogenic shock, i. e .~ cool and clammy skin, systemic arterial hypo

tension (generally a systolic blood pressure of less than 85 mm Hg), and/or confusion 

and oliguria. These patients were instrumented with indwelling arterial and Swan-Ganz 

pulmonary artery catheters. Volume expansion using plasma or salt-poor albumin was 

provided for those patients with mean pulmonary capillary wedge pressures of less 

than 14 mm Hg so as to insure a mean wedge pressure of 16-18 mm Hg. In those patients 

with mean pulmonary capillary wedge pressures above 22 mm Hg diuretics and digoxin 

were given. In patients in whom volume expansion was not indicated a pressor agent : 

was infused (usually norepinephrine). If volume replacement and/or pressor support 

failed to increase arterial pressure to a level commensurate with adequate cerebral, 

renal, and cardiac perfusion, intraaortic counterpulsation was instituted. The dec-, 

ision to begin counterpulsation was individualized and made as early iin each patient 1 S 

course as possible, generally within 1-2 hours or sooner if it became apparent that 

hemodynamic deterioration was continuing despite vigorous medical treatment. No 

patient was begun on counterpulsation in whom slow heart rate, advanced atrioventricular 

block, drug excess, or hypoxia was responsible for the shock. Intraaortic counter

pulsation was begun in patients with medically-refractory left ventricular failure 

despite having received adequate digitalis, diuretics, and salt restriction. In the 

patients with medically-refractory ventricular tachycardia intraaortic counterpulsation 

was begun when it became clear that conventional antiarrhythmics did not prevent the 

recurrent ventricular arrhythmia. 

The period of circulatory assistance in these patients ranged from 2 hours to 17 

days (mean 4.1 days). We experienced no serious complication resulting from the use 

of the circulatory assist device. The majority of these patients were anticoagulated 
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with heparin when the balloon was inserted, but two patients were not anticoagulated due 

to prior bleeding abnormalities. There was no clinical evidence of embolic or ob

structive phenomena during the period of, or following, aortic counterpulsation in 

these two patients. 

Intraaortic balloon counterpulsation was achieved by inserting the AVCO intraaortic 

balloon through a dacron end-to-side graft anastomosis to a common femoral artery. The 

balloon was advanced cephalad (usually under fluoroscopic control) and positioned 

just distal to the origin of the left subclavian artery. The balloon was inflated 

with helium from a portable console during diastole using the T wave of the patient's 

electrocardiogram as the signal for inflation. Care was taken to avoid inflating the 

balloon before closure of the aortic valve, and the balloon was deflated prior to 

isovolumic systole. The result of this sequenced form of counterpulsation is to 

reduce left ventricular filling pressure and augment diastolic perfusion pressure 

(31). This physiological effect was noted in all patients in whom complete hemodynamic 

measurements were made. 

Utilizing this form of circulatory assistance it was possible to initially restore 

adequate systemic blood pressure in 19 patients; 9 of these patients were weaned from 

circulatory assistance without surgical intervention (Table VI ) . Of these 9 patients 

3 ·were discharged from the hospital and are alive today , , and ) (mean follow

up of 15.3 months).  lived 26 months postdischarge and just recently died. He had 

recently had left ventricular and coronary artery angiograms, the results of which 

are shown in Table VII, A second patient ( ) has been out of the hospital for 12 
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TABL E VI 

Intraaortic Balloon Assistance~ 27 Patients 

Patients Benefited From Balloon Support 

19 Patients 

Weaned from balloon 

9 Patients 

Bailoon Dependent 

10 Patients 

Living 

3 

*1  

*2  

3  

Died 

6 

*1  

*2  

3 

4  

Died 

2 

 

2  

Cardiac Catheterization 

on Balloon Support 

Inop 

4 

1 

2  

3  

4  

8 

Surgery 

4 

 

2  

3  

4  

No Benefit 

From Ba 11 oon 

Support 

8 Patients 

1 

2  

*3  

4  

5  

6  

7  

8 

* These patients also underwent cardiac catheterization; before ( ), during 

( , ), or after ( , ) balloon support. 
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months and during that period of time developed progressively more frequent angina 

pectoris. He has also recently undergone left ventricular and coronary angiography 

(Table VII and subsequently had saphenous vein bypass grafts inserted and has done 

well. The third patient ( ) was balloon supported after developing malignant ven

tricular tachycardia following cardioversion for atrial fibrillation. The recurrent 

ventricular arrhythmia was unresponsive to antiarrhythmic agents until aortic counter

pulsation was instituted. Soon after initiating counterpulsation the recurrent vent

ricular tachycardia disappeared and she has subsequently been discharged on anti

arrhythmic agents and is currently doing well. The 6 patients that were initially 

weaned from balloon assistance but subsequently died in the hospital ( , ,  , 

, and ) (Table VII succumbed as the result of malignant ventricular tachycardia 

developing late in the course of the myocardial infarction ( ), pneumonia ( ), 

neurological complications ( ) , complete heart block followed by cardiac asystole 

 and ), and progressive pulmonary deterioration ( ). 

Of the 10 patients that were balloon dependent, 8 underwent cardiac catheterization 

(Table VI , and 4 of these were felt to have inoperable disease (Tables VI-VIII). 

TABLE VI I I 

Ventricular Wall Motion in the 9 Patients Studied During Aortic Counterpulsation 

Initials L Hl H2 H3 H4 Hs H6 

 5 19 9 0 3 10 12 
9 25 3 0 26 23 3 

 3 27 5 0 29 3 22 
 0 42 16 -10* 14 16 24 
 4 29 0 -9* 34 36 52 

 6 0 0 1.2 18 28 33 
 1 20 6 0 21 16 8 

20 7 -2* 19 29 22 

2 31 2 -13* 8 14 22 

Average 3.4 23.7 5.3 -2.4 19 . 1 19.4 22.0 
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TABLE VI I I- Continued 

Ventricular Wall Motion in the 9 Patients Studied During Aortic 

Initials L H 1 H2 H3 H4 H5 

 0.96 3.8 1.7 2.5 3.3 3.5 
Normal** 25.9 57 .2 50.9 62.2 37 .9 59.0 

 2.8 3.7 5.6 6.8 2.2 3.7 

H1 - H6 = hemiaxes H1 - H6; L = long axis 

* - value indicates paradoxical expansion of this hemiaxis. 
** - Normal values obtained from a previous study. 

Counterpulsation 

H6 

4.8 
78 .5 
5.1 

The catheterization findings of these 8 patients and thoseGof the total group of 13 

patients that were catheterized are discussed below . The remaining 2 patien;ts that 
' 

were balloon dependent (  and ) (Table VI ) died before cardiac catheterization 

could be accomplished . 

With the exception of  (idiopathic cardiomyopat hy) all patients undergoing cardiac 

catheterization exhibited severe coronary artery disease (Tables VII - VIII). In-

volvement of the left anterior descending vessel was a constant finding; this vessel was 

completely occluded in 7 patients and severely ( > 90% stenosis) narrowed in the re

maining 5. Only one patient ( ) had single- vessel disease, and 6 patients exhibited 

triple-vessel disease. 

Left ventricular volumes and ejection fractions were calculated from right anterior 

oblique cineventriculograms (34). These data are shown in Table VII. A detailed 

analysis of ventricular wall motion in those 9 patients in whom cineventriculography was 

accomplished during balloon support is presented in Table VIII. This analysis was 

• 



- 50 -

done by constructing perpendiculars to the long axis at quarter-length interval s 

(Figure 14). 

FIGURE 14 

Legend: Method of analysis of ventricular wall motion. The long axis (L) extends from 

t he midpoint of the aortic valve t o the ventricular apex. Perpendiculars are cons truc

ted to L at quarter-length intervals and are divided into 2 parts by L --the anterior 

wall hemiaxes (H1 H3) and the posterior wall hemiaxes (H
4 

-H6) . 
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These 3 perpendiculars are divided into 2 parts by the long axis --- the anterior 

wall hemiaxes (H1 - H3) and posterior wall hemiaxes (H4 - H6). Per cent changes of 

these hemiaxes and the long axis from end-diastole to end-systole are shown in Table 

VIII. 

The severe degree of left ventricular dysfunction present in all 9 patients under

going ventriculography at the time of balloon support is evidenced by the severely 

reduced ejection fractions which did not exceed 23% with the exception of patient  

(41%) (TableVII ). The diffuse nature of this ventricular dysfunction is emphasized 

by noting that all hemiaxes and long axes exhibited decreased contractility in all 

patients (Table VIII). No single hemiaxis or long axis achieved the normal mean 

per cent shortening. However, the anterior wall hemiaxes exhibited the most marked 

motion abnormalities ; indeed, H3 (distal anterolateral wall) showed either no motion 

or paradoxical movement in all 8 patients with coronary artery disease. The extensive 

impairment of ventricular contraction in this area correlates with the severe involve

ment of the left anterior descending vessel uniformly present in these patients. 

Infarctectomy and/or saphenous vein bypass graft surgery was performed in 5 patients 

that were catheterized on balloon support but only one of these patients survived the 

surgery ( ) (Tables VIand IX). Four of these patients are listed under the surgery 

category in Table VI and one additional patient ( ) underwent surgery (Table IX) be

cause of malignant and recurrent ventricular tachycardia but she also died postopera

tively. She was originally weaned from balloon support but the balloon had to be re

inserted prior to catheterization which was performed to investigate the etiology of 

her recurrent ventricular arrhythmia. 

The remaining 8 patients of the total group of 27 did not derive any definite hemo

dynamic benefit from intraaortic counterpulsation and died before cardiac catheteriza

tion could be performed (Table VI). 
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TABLE IX 

SURGICAL PROCEDURES PERFORMED 

Initials Procedure 

 Saphenous vein graft to RCA and i nfarctectomy 
 Plication of area of infarction 

 Infarctectomy and saphenous vein graft to RCA 

Infarctectomy and saphenous vein graft to RCA 

 Infarctectomy 
*  Saphenous vein graft to RCA and LAD 

RCA = right coronary artery 

Results 

Discharged from hospital 
Died with recurrent ventri 

cular tachycardia 
Died postoperatively with 

low output 
Died postoperatively of low 

output 
Died postoperatively 
Discharged from hospital 

* =Surgery done 9 months after being discharged from hospital and weaned from ball-
oon because of the development of medically-refractory angina pectoris. 

The present series of 27 patients supported with intraaortic balloon counterpulsation 

differs somewhat from previously-reported ones (31-33, 36) in that patients with 

cardiogenic shock resulting from coronary artery disease and myocardial disease and 

patients with medically-refractory left ventricular failure and/or medically-refractory 

ventricular tachycardia are included. In addition, ventricular volumes, ejection fract-

ions, and wall motion analyses have also been studied in the patients that underwent 

cardiac catheterization so that certain comparisons between surviving and nonsurviving 

patients can be made. Over-all survival in this series of patients is similar to but 

not quite as good as that reported by other investigators (31, 33). We did find that 

36. Scheidt, S., G. Wilner, H. Mueller, D. Summers, M. Lesch, G. Wolff, J . Krakauer, 

M. Rubenfire, P. Fleming, G. Noon, N. Oldham, T. Killip, A. Kantrowitz: Intra-aortic 
-

balloon counterpulsation in cardiogeni:c shock; report of a co-operative clinical tr i al . 

New England J. Med. 288: 979, 1973. 
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cardiogenic shock and severe refractory left ventricular failure can be at least 

temporarily stabilized in most patient s but as noted by others as well (31) many 

patients are balloon dependent in the sense that when circulatory support is rem

porarily discontinued systemic arterial pressure falls or in the case of some of our 

patients significant left ventricular failure recurs. Even in those patients that 

can be weaned from circulatory assistance the majority die prior to discharge from 

the hospital as the result of cardiac rhythm disturbances or because of progressive 

neurological or pulmonary deterioration. 

In those patients that remain balloon dependent some attempt to correct the under

lying anatomical abnormalities appears necessary if the patient is to survive. Coronary 

artery revascularization coupled with infarctectomy or aneurysmectomy salvages a few 

additional patients (31, 37). In the present group of 10 patients that were cathe

terized while on balloon support 5 underwent surgery (Table IX), even though their 

ejection fractions were all less than 25%, their ventricular volumes abnormal, and 

diffuse wall motion abnormalities were present. The decision to operate was made on 

the basis of their having distal vessels that looked probably suitable for bypass graft 

surgery and because of their hopeless prognosis if medical therapy were continued. 

If one excluded patients in cardiogenic shock that were balloon dependent for surgery 

on the basis of an unacceptably low ejection fraction (ejection fraction of less than 

30%), then virtually all of these patients would have to be considered inoperable. 

Three of the 5 patients that were operated on underwent surgery within 3 days of 

being placed on balloon assistance and as soon as it was absolutely clear that they 

were balloon dependent. The remaining two were operated on for medically-refractory 

ventricular tachycardia ( ) and for medically-refractory left ventricular failure 

resulting from chronic and extensive coronary artery disease ( ).  survived to 

37. Mundth, E.D., M.J. Buckley, R.C. Leinbach, R.W. DeSanctis, C.A. Sanders, A. Kan

trowitz, W.G. Austen: Myocardial revascularization for the treatment of cardiogenic 

shock complicating acute myocardial infarction. Surgery 70: 78, 1971. 
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leave the hospital but remained very limited in his exercise tolerance at home 

requiring a maximal medical regimen. He died 2 months later of apparently unrelated 

causes. Of the remaining 5 patients studied while on balloon support but not oper-

ated, 4 (Table VI , inoperable category) were judged inoperable primarily because 

of the presence of severe diffuse disease throughout the length of the coronary 

vessels making revascularization untenable ; these 5 patients also had ejection frac 

tions of less than 30%. The fifth patient  had normal coronary arteries and diffuse 

myocardial disease. 

Although 9 patients were weaned from balloon support, only 3 survived to leave the 

hospital . It is probably important to note that two of the three survivors had infer

ior myocardial infarctions Land ) . Both have subsequently been catheterized and 

both have ejection fractions of greater than 40%. The remaining patient ) was 

balloon supported because of medically-refractory , recurrent ventricular tachycardia 

that occurred following cardioversion for atrial fibrillation. No evidence was 

found to support the possibility that she had a myocardial infarction following cardia

version and in fact a recent coronary arteriogram demonstrated normal coronary arteries . 

She is currently doing well. 

The 3 patients supported primarily for severe refractory left ventricular failure 

,  ·and ) all derived initial benefit from intraaortic counterpulsation . How

ever, ·the hemodynamic improvement provided for these patients was temporary so that 

none could be weaned from balloon support and each of them continued to require in

tensive medical therapy during the period of counterpulsation. 

We have been disappointed in the ability of intraaortic balloon counterpulsation to 

reduce the frequency of, or suppress in combination with appropriate antiarrhythmic 

agents, recurrent life- threatening ventricular tachycardia occurring late following 

acute myocardial infarction . This approach was unsuccessful in the 3 patients in whom 
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it was attempted. These patients were not in cardiogenic shock or severe heart 

failure at the time they developed re f ractory ventricular tachycardia . All 3 died 

even though 2 were operated on and had either infarctectomy or infarct plication and 

revascularization. 

The hospital discharge rate in the patients reported in this series was 4 of 27 

(15%). Three of these are currently alive and asymptomatic (11%) 24 , 15, and 8 months 

posthospital discharge. These results are similar to but not quite as good as the 

relatively long-term survival rate reported for patients in cardiogenic shock i n whom 

only balloon support was utilized (32, 36). One of 5 (20%) patients operated on 

acutely survived but all 5 patients had unacceptably high predicted operative mortality 

rates based on their ventricular angiograms. Surgery in these 5 patients was performed 

in a heroic attempt to save the patient's life realizing continued medical therapy 

was doomed to failure. The survival rate in this group of operated patients is too 

small to compare statistically to other series , but at least one other group of inves 

tigators (31) reported a survival rate of 20 % or greater for a larger group of balloon

dependent patients operated on acutely for cardiogenic shock. It is our policy as well 

as that of others (31) to perform cardiac catheterization with left ventricular and 

coronary angiograms on all patients in cardiogenic shock and/or severe refractory left 

ventricular failure as early as it becomes evident that they are balloon dependent. We 

have not yet lost any patient in this group during cardiac catheterization and it should 

be noted that all of the catheterizations have been done on intraaortic balloon support . 

The conclusion from our data and that of others appear to be that while intra

aortic balloon counterpulsation is a very useful adjunct to currently existing medical 

measures for the treatment of cardiogenic shock and severe refractory left ventricular 

failure, it is not the ultimate answer . Neither is acute revascularization or infarct

ectomy likely to be helpful in most patients if one accepts the cardiac catheterization 
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results in these patients as representative. A very small number of patients are 

salvaged that presumably would not otherwise be but in most patients the extensive 

myocardial damage resulting from the acute myocardial infarction or several previous 

myocardial infarctions predetermines the ultimate fatal outcome. This occurs despite 

the fact that this form of mechanical circulatory assistance reduces left ventricular 

work and preload and is some experimental studies increases total and collateral 

coronary blood flow (38, 39) and reduces the extent of myocardial damage in the setting 

of experimental coronary insufficiency (40, 41) . The final solution to caring for 

patients critically ill with cardiogenic shock and/or severe medically-refractory left 

ventricular failure occurring as a consequence of acute myocardial infarction probably 

will not be available until a long-term auxiliary heart support device is available 

and/or the immunological problems rel~ted to cardiac transplantation are solved. 

38. Powell , W.J. Jr., W.M. Daggett, A.E. Magro, J.A. Bianco, M.J. Buckley, C.A. Sanders, 

A.R. Kantrowitz, W.G. Austen: Effects of intra-aortic balloon counterpulsation on 

cardiac performance, oxygen consumption, and coronary blood flow in dogs. Circ. Res. 

26: 753, 1970. 

39. Watson, J.T., J.T. liillerson, D.E . Fixler, R.M. Browning, W.L. Sugg: Changes in 

collateral coronary blood flow (CCBF) distal to a coronary occlusion during intraaortic 

balloon pumping (IABP). Trans. Amer. Soc. Artif. Int. Organs 19: 402, 1973. 

40. Maroko, P.R., E.F. Bernstein, P. Libby, G.A. Delaria, J.W. Covell, J. Ross, Jr., 

E. Braunwald: Effect of intraaortic balloon counterpulsation on the severity of myo

cardial ischemic injury following acute coronary occlusion; counterpulsation and myo

cardial injury. Circulation 45: 1150, 1972. 

41. Sugg, W.L., W.R. Webb, R.R. Ecker: Reduction of extent of myocardial infarction 

by counterpulsation. Ann. Thor. Surg. 7: 310, 1969. 



- 57 -

B. AVCO intraaortic balloon pumping for ventricular septal defect or mitra l re

gurgitat i on complicating acute myocardial infarction. 

Investigators at the Massachusetts General Hospital have demonstrated that intra

aortic balloon pumping corrected cardiogenic shock that developed in patients with myo

cardial infarction and either acute mitral regurgitation or an acute ventricular septa l 

defect (42 ) . The clinical details from these patients are shown below in Table x. 

TABLE X 

Summary of Clinical Findings 

Ace Date murmur 
Pt (yr) . Sex Date of infarct Bite of infarct appeared Diapoei8 

. 62 M  Inferior MR; ruptured posterior 
papillary muscle 

. 54 M  Anterior  MR; infarction anterior and 
posterior papillary muscle 

. 45 M  Inferior  MR; infarction posterior 
papillary muscle 

. 39 F  Anterior  MR; infarction anterior and 
posterior papillary muscle 

 56 M  Inferior  MR; ruptured posterior 
papillary muscle 

 62 M  Inferior  VSD 
 65 M  Inferior  VSD 
 63 M  Anteroseptal  VSD 
. 68 M  Inferior  VSD 
 54 F  Anterior  VSD 
. 63 F  Anteroseptal  VSD 

Abbreviations: MR = mitral regurgitation; VSD = ventricular-septal defect. 

42. Gold, H.K., et al: Intraaortic balloon pumping for ventricular septal defect or 

mitral regurgitation complicating acute myocardial infarction. Circ. 47: 1191, 1973. 
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The hemodynamic responses in these patients resulting from balloon pumping are shown in 

Figures 15 and 16. 
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FIGURE 16 
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acute mitral regurgitation. During IABP there is a aignifi
carit faU in wedge pressure and a small but significant rise 
in cardiac output (CO). MAP= mean arterial pressure; 
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Intraaortic counterpulsation reduced the se verity of the mitral regurgitation by 

increasing systemic cardiac output. Counterpulsation decre ased the P/S ratio in 

patients with a VSD also by increasing systemic cardiac output. This allowed these 

patients to be stabilized prior to corrective surgery. 

C. Intraaortic balloon counterpulsation in patients with "unstable angina pectoris." 

Intraaortic counterpulsation has also been utilized to rel te ve pain and prevent its 

frequent recurrence in patients with "unstable angina pectoris" (43). Table XI dem

onstrates the clinical details of these patients; figures 17 and 18 show additional 

details of the patients that were studied. 

FIGURE 17 
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FIGURE '8 
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TABLE XI 

No. of 
Onaet of epii!Odes 
rN~t pain of pain 
prior to 24 hl'll Coronary angiogram Surgery 

Age IABP prior to location and site (typE> of 
Pt (yr) Sex (days) IABP of stenosis graft) Outcome 

 58 M 5 10 90% proximal LAD LAD Survived; 
no angina 

 57 F 7 3 90% proximal LAD LAD Survived; 
. no angina 

. 60 M 9 11 85% proximal RCA RCA Survived; 
90% proximal LAD LAD no angina 
80% proximal circum 

. 58 M 11 7 Multiple 70% RCA RCA Survived ; 
90% proximal LAD LAD no angina 
100% circum 

 54 M 14 5 50% distal RCA RCA Survived; 
95% proximal LAD LAD no angina 

. 57 M 10 8 90% circum marginal 
80% proximal RCA RCA Survived; 
90% proximal LAD LAD mild angina 
100% circum 

Abbreviations : RCA = right coronary artery; LAD = left anterior descending artery; circum = circumftex 
coronary artery; graft reverse saphenous vein aortocoronary bypass graft; IABP = intraaortic balloon 
pumping. 



- 63 -

Eleven patients were studied . Pain had recurred at bed rest in all of these pa

tients despite the fact that they were on nitrates, beta blockade, and heparin. In-

traaortic counterpulsation prevented recurrent ischemic attacks in nine of these pa

tients and markedly reduced the frequency of pain in the other two. Each of these 

patients had proximal obstructing coronary lesions and coronary artery bypass graft 

surgery was subsequently performed vii th the patients sti 11 on intraaorti c counterpulsa

tion. 

vie have also used AVCO intraaortic balloon circulatory assistance to stabilize pa

tients with frequent and recurrent attacks of myocardial ischemia and or medically

refractory LV failure prior to cardiac catheterization or cardiac surgery. At Parkland 

we have also used a noninvasive form of circulatory assistance ("Cardiassist") to relieve 

angina in patients with "unstable angina pectoris" prior to catheterization or surgery. 

This latter type of noninvasive circulatory assistance is a "body suit" that applies 

positive pressure to the lower extremities i~ ncreasing venous return to the heart and 

diastolic systemi c arterial blood pressure and coronary blood flow. 

D. Noninvasive (Cardiassist) circulatory assistance 

We are currently parti ci pati ng in a randomized study of assessing the i nfl ueilCe of 

noninvasive circulatory assistance (Cardiassist) in limiting infarct size in patients 

w_i th acute myocardia 1 infarction and concomitant evidence of LV failure. Twenty-three 

institutions from across the country are participating in this randomized study. Table 

XII describes the number of patients thus far admitted to the study. 

Figures 19, 20, and 21 show the preliminary results of the study which suggest that 

there is already a statistically significant reduction in mortality between patients 

with acute myocardial infarction and LV failure that have been "suit supported" with 

the cardiassi:;t device as opposed to the non "suit supported" control patients. Park

land has submitted the largest number of patients to this study of any institution in 

the country which to date is a total of 28 patients. Each of the patients admitted to 
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TABLE XII 

ANALYSIS OF RANDOMIZATION PROCESS 

LOCATION OF INFARCT 

PTS ENTERED PTS EXCLUDED DATA BASE PTS 

TREATMENT CONTROL TREATMENT CONTROL TREATMENT CON'rROL 
_ N_ _L _ N_ _L _ N _ _ % _ _N_ _% _ _N_ ..L _N _ % 

TOTAL PTS __2_!! ill. _n_ 100 ---1&. ill. _11 100 _21_ ill. 74 !QQ. 

ANTERIOR 37 38 43 44 18 39 4 17 19 36 39 53 

INFERIOR 36 37 36 37 8 18 5 22 28 54 31 42 

NONTRANSMURAL 6 6 5 5 2 4 4 4 8 4 5 

OX NOT MI 11 11 11 11 11 24 11 48 

UNKNOWN 8 8 2 2 7 15 2 9 1* 2 

* LBBB 
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this study has been entered within 12 hours of the onset of chest pain suggestive of 

myocardial infarction. 

60 

50 

40 

NUMBER 

OF 
30 

PATIENTS 

20 

10 

0 

FIGURE 19 

Group A 

Group B 

40 Deaths 

5.26% 21.74% 

p < . 02 

MORTALITY ANALYSIS IN 50 - 79 AGE GROUP 

5 HOURS TREATMENT WITHIN 24 HOURS OF ONSET OF SYMPTOMS 

126 BASE 

1!1 

• • 

Legend: Group A represents the Cardiassist 11 SUit supported 11 patients with myocardial 

infarction; Group Bare the non 11Suit supported 11 control patients with myocardial in-

farction. The percentages at the bottom of the figure refer to the number of patients 

that died in each group. 
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FIGURE 20 

BO 
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Group A 

60 Group B 

Death 
50 

NUMBER 
40 

OF 

PATIENiS 30 

20 

0 
% DEATHS 3. 84 

OBSERVED DIFFERENCE 9.67% 

p < 0. 05 

MORTALITY ANALYSIS BY PROTOCOL GROUP 

5 HOURS TREATMENT WITHIN 24 HOURS OF ONSET OF SYMPTOMS 

126 BASE 

!!I 
ll 

• 

Legend: The foremat of this figure is the same as the one that preceded it. Note 

that there is a statistically significant reduction in mortality in patients with acute 

myocardial infarction and LV failure that have been suit supported. 
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FIGURE 21 

40 

Group A O 
Group B GJ 
Death • 

A B 
O. OOS 6.89S 

OTHER TRANSMURAL 

MORTALITY ANALYSIS BY LOCATION OF INFARCT 

5 HOURS TREATMENT WITHIN 24 HOURS OF ONSET OF SYMPTOMS 
126 BASE 

A B 
4. 1 7S 14. 2 as 
ALL TRANSMURAL 

P< .OS 

Legend: The foremat of this figure is similar to ones shown before; in this figure 

mortality is shown in relationship to the different types of transmural myocardial in-

farction. 
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In addition to the stastically significant reduction in mortality in favor of the 

11 Suit supported 11 patients there is also an apparent difference in t he speed with which 

heart size returns to normal and New York Heart functional classification improves 

also in favor of the Cardiassist suit supported patients. It is anticipated that 

this study will continue for another couple of months to be certain that presently 

established trends continue . If present trends continue then it may well be that the 

treatment ofpatients with acute myocardial infarction and LV failure may undergo sig

nificant change in coronary care units everywhere in the future. The present status of 

admission of patients into this study is shown in Table XIII . 

STUDY OF STABLE CORONARY ARTERY DISEASE 

Recently Sones and his associates (44) have described the clinical details including 

longevity of 590 consecutive nonsurgical cases of coronary disease followed 5-9 years 

at the Cleveland Clinic. All of these patients werestudied with coronary arteriography; 

the studies were performed in the early 196o•s when coronary artery surgery was still 

restricted to a minority of patients, the single implantation of an internal mammary 

artery being the only operation available at the time. At that time the latter op

eration was restwicted to those patients having severe proximal obstruction of the 

anterior descending artery in the presence of a relatively normally functioning myo

cardium in the area supplied by that vessel. Sones and his associates have subsequently 

utilized this data to determine the predictive information contained in the coronary 

arteriogram and left ventricular angiogram as far as longevity of patients with coronary 

artery disease is concerned. Figure 22 and Table XIV demonstrate the relative useful

ness of such data in determining relative prognosis in such patients. 

44. Bruschke, A.V.G., W.L. Prondfit, and F.M. Sones: Progress study of 590 consecutive 

nonsurgical cases of coronary disease followed 5-9 years. I. Arteriographic correla

tions and ventriculographic and other correlations. Circ. 47: 1147, 1973. 
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TABLE XI II 

EXTERNAL COUNTERPULSATION ( CARD IASS I 8 T ) STUDY 

ANALYSIS OF RANDOMIZATION PROCESS 

TOliAL PTS RANDOMIZED INTO STUDY 
TOTAL PTS EXCLUDED 
TOTAL PTS REMAINING IN DATA BASE 

5 Hrs/24 Hrs. 

TOTAL ENTERED 
OX NOT MI 
OTHER EXCLUS IONS 

CODING ERRORS 
ADMISSION VIOLATIONS 
EPCA INTOLERANCE 
EPCA PORTOCOL VIOLATIONS 
OTHER REASONS 
SUBTOTAL 

TOTAL EXCLUSIONS 
TOTAL DATA BASE 

SUMMARY 

195 

69 

126 

TREATMENT 

98 

11 

3 

7 

7 

14 
4 

35 

46 
52 

CONTROL 

97 

10 

3 

6 

4 
14 

23 

74 
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FIGURE 22 

LEFT VENTRICULAR ANGIOGRAM 

8 

-~ 
> 
~ 

:::::i 
c( 
~ 
DC: 
0 
~ 
u 
c( 

Q 
DC: 
c( 
u 
DC: 
c( ..... 
> 
II) 

1 VESSEL 

0'~----.-----.---~----~ 

NORMAL 

Five-year cardiac mortality related to left ventricular angio
gram and coronary arteriogram (divided into cases with 
one-, two-, and three-vessel involvement). Within each ar
teriographic category the left ventricular angiogram re
tains a high predictive value. 
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TABLE XIV 

Relation Between Coronary Arteriogram, Left Ventricular Angiogram, and Mortality 

Coronary arteriogram 

Left main coronary involvement 
1-vessel involvement 
2-vessel involvement 
3-vessel involvement 

Normal 
LV 

;)7 (21) 
7 (100) 

33 (87) 
36 (4.')) 

*Total number of cases in each category in parentheses. 

5-year cardiac mortality* (% ) 

Localized 
"s•~a.r" tissue 

50 ( 8) 
17 (49) 
31 (!i8) 
.')0 (30) 

Aneurysmt 

iiO ( 2) 
43 (14) 
50 (26) 
38 ( 8) 

tCases with additional diffuse "scar" tissue included in the last category. See text. 

Diffuse 
"scar" tissue 

100 ( 4) 
60 (10) . 
ii7 (41) 
88 (24) 
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These investigators found an overall 5-year survival rate of 64% whi~h is 

a number that is slightly lower than that reported in earlier series in which 

coronary arterio9raphy had not been utilized to prove the diagnosis of coronary 

artery disease (45- 49). The additional specific findings in Sones et al studies 

were: (1) in 202 cases with only one major coronary artery 50% or more obstructed 

35 patients died (17.3%) over a 5 year follow up period---- - 29 died of coronary 

artery disease providing a 5 year mortality of 14 .6%. Lesions in the anterior des

cending coronary artery had slightly higher 5 year cardiac mortality than did those 

with right coronary artery disease but the difference was not statistically significant. 

(2) There were 233 patients with 50 % or more obstruction of two vessels; 89 of them (38%) 

died over 5 years all but one of whom died of coronary disease. (3) In 118 cases 

all 3 coronary arteries were at least 50% narrowed; there were 65 deaths within 5 

years (55%) all but 2 of which died of coronary artery disease. 

45. McMichael, J., E.H . Parry; Prognosis and anticoagulant prophylaxis after coronary 

occ 1 us ion. Lancet _g_: 991 , 1960. 

46. Keys, A; Coronary heart disease in s:even countries: Prognosis of coronary heart 

disease found at entry. Circ. 41 (Suppl I): _!_-1, 1970. 

4.7. Zukel, W.L., et al; Survival following first diagnosis of coronary heart disease . 

Am. Heart J . 78: 159 , 1969 . 

48. Leren, P., et al; Prognostic significant of ECG changes in survivors of myo

cardial infarction. Acta Med. Scand . 188: 523, 1970. 

49. Metropolitan Life: Survival among insured men following disability from coronary 

heart disease. Metropolitan Life Statistical Bulletin 51: 5, 1970. 
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Details obtained from the left ventricular angiogram proved a valuable addition to 

information obtained from coronary arteriography. The presence of a ventricular aneu

rysm considerably worsened the prognosis in arteriographically similar cases; evidence 

of diffuse contractile abnormalities also increased the mortality rate considerably. 

In 37 patients in Sone•s total group studied there was 50% or more obstruction of the 

main left coronary artery. The 5 year mortality in this group was 57%. 

Thus on the basis of this data one can begin to mdke certain relative predictions ab

out patients with coronary artery disease treated medically that have various coronary 

arteriographic and LV ang i ographic abnormalities. 

PATIENTS WITH 11 UNSTABLE ANGINA PECTORIS .. 

We define .. unstable angina pectoris .. as increasingly frequent:angina precipitated by 

progressively less effort or emotion and increasingly difficult to relieve. In our de

finition the chest pain should occur at rest and should occur several times each day. 

Most investigators agree that patients such as these should be hospitalized in the 

coronary care unit and placed on the best medical regimen possible (nitroglycerin, 

inderal if necessary, and possibly anticoagulated) while a recent myocardial infarction 

is excluded. Recently we have taken a special interest in such patients and have stud

ied approximately 30 such patients over the past one year . We have found that approxim

ately l/3 of such patients have positive 99 mTc-PYP myocardial scintigrams suggesting 

myocardial necrosis even though their ECG•s and cardiac enzymes were only nonspecific

ally abnormal. We have also found a wide spectrum of coronary arteriographic abnormal

ities in these patients varying from main left coronary artery disease in 6 to isolated 

single vessel coronary artery disease (even small branch of the LAD or circumflex cor

onary artery) in some. We are presently randomizing appropr·i ate patients to medically 

or surgically treated groups to try to determine the optimal way at Parkland to prevent 

future myocardial infarction and to prolong life . A similar study is being conducted 

by the old .. Myocardial Infarction Research Units . .. 




