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PREVENTION OF MYOCARDIAL INFARCTION INDUCED VENTRICULAR
EXPANSION AND REMODELING

DESCRIPTION OF THE INVENTION

Field of the invention

[002] The invention relates generally to medical devices and therapeutic
methods for their use in the field of interventional cardiology and cardiac surgery, -
and more specifically to a catheter-based, mini-thoracotomy, or open chest
systems to stiffen a myocardial infarction area, to shrink the myocardial infarct
region, and/or to reduce wall motion in a peri-infarct and/or infarct region of a
heart. The in{zention also has application in the treatment of mitral valve
regurgitation and diastolic dysfunction.
Background of the Invention

[003] Each year over 1.1 million Americans have a myocardial
infarction, usually as a result of a heart attack. These myocardial infarctions
result in an immediate depression in ventricular function and all of these
infarctions are very likely to expand, provoking a cascading sequence of
myocellular events known as ventricular remodeling. In many cases, this
progressive myocardial infarct expansion and ventricular remodeling leads to
deterioration in ventricular function and heart failure.

[004] Post myocardial infarct drug therapy may attenuate many factors
that accelerate this remodeling. More recently, medical devices have been
developed which provide surgeons with limited tools to support modest
intervention with respect to this remodeling situation. However, cardiologists and
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interventional cardiologists and cardiac surgeons presently lack any devices or
procedures for directly attacking this remodeling problem.

[005] A myocardial infarction (Ml) occurs when a coronary artery
becomes occluded and can no longer supply blood to the myocardial tissue.
When a myocardial infarction occurs, the myocardial tissue that is no longer
receiving adequate blood flow dies and is replaced with scar tissue. Within
seconds of a myocardial infarction, the under-perfused myocardial cells no longer
contract, leading to abnormal wall motion, high wall stresses within and
surrounding the infarct, and depressed ventricular function. The infarct
expansion and ventricular remodeling are caused by these high stresses at the
junction between the infarcted tissue and the normal myocardium. These high
stresses eventually kill or severely depress function in the still viable myocardial
cells. This results in a wave of dysfunctional tissue spreading out from the
original myocardial infarct region.

[006] According to the American Heart Association, in the year 2000
approximately 1,100,000 new myocardial infarctions occurred in the United
States. For 650,000 patients this was their first myocardial infarction, while for
the other 450,000 patients this was a recurrent event. Two hundred-twenty
thousand people suffering Ml die before reaching the hospital. Within one year
of the myocardial infarction, 25% of men and 38% of women die. Within 6 years,
22% of Men and 46% of women develop chronic heart failure, of which 67% are
disabled.

[007] The consequences of Ml are often severe and disabling. In
addition to immediate hemodynamic effects, the infarcted tissue and the
myocardium or cardiac tissue undergo three major processes: infarct Expansion,
Infarct Extension, and Ventricular Remodeling. All myocardial infarctions
undergo theée processes. However, the magnitude of the responses and the
clinical sighiﬁcance is related to the size and location of the myocardial infarction

(Weisman HF, Healy B. “Myocardial Infarct Expansion, Infarct Extension, and
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Reinfarction: Pathophysiological Concepts,” Progress in Cardiovascular Disease
1987, 30:73-110; Kelley ST et al., “Restraining Infarct Expansion Preserves Left
Ventricular Geometry and Function After Acute Anteroapical Infarction,”
Circulation 1999, 99: 135-142). Myocardial infarctions that destroy a higher
percentage of the normal myocardium and myocardial infarctions that are located
anteriorly on the heart are more likely to become clinically significant.

[008] Infarct expansion is a fixed, permanent, disproportionate regional
thinning and dilatation of the infarct zone. Infarct expansion occurs early after a
myocardial infarction. The mechanism is slippage of the tissue layers.

[009] Infarct extension is additional myocardial necrosis following
myocardial infarction. Infarct extension results in an increase in total mass of
infarcted tissue. Infarct extension occurs days after a myocardial infarction. The |
mechanism for infarct extension appears to be an imbalance in the blood supply
to the peri-infarct tissue versus the increased oxygen demands on the tissue.

[010] When a myocardial infarction occurs, the myocardial tissue that is
no longer receiving adequate blood flow dies and is replaced with scar tissue.
This infarcted tissue cannot contract during systole, and may actually undergo
lengthening in systole and leads to an immediate depression in ventricular
function. This abnormal motion of the infarcted tissue can cause delayed
conduction of electrical activity to the still surviving peri-infarct tissue and also
places extra mechanical stress on the peri-infarct tissue. These factors
Individually and in combination contribute to the eventual myocardial dysfunction
observed in the myocardial tissue remote from the site of the infarction.

1011] The processes associated with infarct expansion and ventricular
remodeling are believed to be the result of high stresses exerted at the junction
between the infarcted tissue and the normal myocardium (i.e., the peri-infarct
region). In the absence of intervention, these high stresses will eventually kill or
severely depress function in the adjacent myocardial cells. As a resulit, the peri-

infarct region will therefore grow outwardly from the original infarct site over time.
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This resulting wave of dysfunctional tissue spreading out from the original
myocardial infarct region greatly exacerbates the nature of the disease and can
often progress into advanced stages of congestive heart failure (CHF).

[012] Ventricular remodeling is progressive enlargement of the ventricle
with depression of ventricular function. Myocyte function in the myocardium
remote from the initial myocardial infarction becomes depressed. Ventricular
remodeling usually occurs weeks to years after myocardial infarction. There are
many potential mechanisms for ventricular remodeling, but it is generally
believed that the high stress on peri-infarct tissue plays an important role. Due to
altered geometry, wall stresses are much higher than normal in the myocardial
tissue surrounding the infarction. This is depicted in Fig. 2, which illustrates an
iInfarcted region bulging outward from the free wall as compared to the normal
heart depicted in Fig. 1. Such bulging is most likely to occur during systole.

[013] Theoretical analysis has shown very high stress levels in the
myocardial border with the infarcted tissue (Bogen D.K. et al., “An Analysis Of
The Mechanical Disadvantage Of Myocardial Infarction In The Canine Left
Ventricle,” Circulation Research 1980; 47:728-741). Stress was shown to range
3 to 4 times higher than normal in the peri-infarct region, and the level of stress
increase was fairly independent of infarct size, but diminished with increasing
infarct stiffness. Three-dimensional reconstructions of the left ventricle were
made from short-axis fast cine-angiographic computed tomography slices
obtained from patients. This analysis showed a higher than normal stress index
In the myocardium adjacent to the infarcted tissue (Lessick J. et al., “Regional
Three-Dimensional Geometry And Function Of Left Ventricles With Fibrous
Aneurysms: A Cine-Computed Tomography Study,” Circulation 1991; 84:1072-
1086).

[014] High wall stress can directly damagé myocytes. While there are
other potential mechanisms, the inventors of the present invention have

recognized that the skeletal muscle literature suggested that the high wall stress
4
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can lead to cellular dysfunction and damage. This mechanism, as proposed by
the inventors as applied to myocytes, is discussed in more detail hereinbelow.
[015] Exertion-induced muscle injury is a well-described phenomenon in
skeletal muscle. Prolonged activities that include eccentric contractions or
require high stress are more likely to cause injuries. In humans, stretching
skeletal muscles during contraction (eccentric contraction) leads to a long lasting
muscie weakness (McHugh MP, et al, “Electromyographic Analysis Of Exercise
Resulting In Symptoms Of Muscle Damage,” Journal of Sports Sciences 2000:
18:163-72). Muscle biopsies from humans that had performed a step test
Involving concentric contractions showed muscle damage. This damage was
present immediately after exercise, and becomes more noticeable at 1 to 2 days
(Newham DJ et al, “Ultrastructural Changes after Concentric and Eccentric
Contractions of Human Muscle,” J. Neurological Sciences 1983; 61:109-122).
The “cellular theory’ predicts that the initial muscle damage is the result of
irreversible sarcomere strain during high stress contractions. Sarcomere lengths
are highly non-uniform during eccentric contractions, with some sarcomeres
stretched beyond extremes causing myofilaments to overlap. Loss of contractile
integrity results in sarcomere strain and is seen as the initial stage of damage
(McHugh MP, et al, “Exercise-Induced Muscle Damage And Potential
Mechanisms For The Repeated Bout Effect,” Sports Medicine 1999; 27:157-70).
Sarcomere abnormalities include disrupted sarcomeres, wavy Z-lines, and
sarcomeres with no overlap between myofilaments (Fielding RA, et al, “Effects Of
Prior Exercise On Eccentric Exercise-Induced Neutrophilla And Enzyme
Release,” Medicine and Science in Sports and Exercise 2000; 32:359-64).
Myofibrillar disorganization is often focal, with adjacent normally appearing
regions (Newham DJ, et al, “Ultrastructural Changes after Concentric and
Eccentric Contractions of Human Muscle,” J Neurological Sciences 1983:
61:109-122). The longest sarcomeres before high stress contractions are more

likely to be damaged (Lieber RL and Friden J, “Mechanisms Of Muscle Injury
5
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After Eccentric Contractions,” Journal of Science and Medicine in Sport 1999;
2:253-65).

[016] Not only are the muscles damaged, peak force is also decreased.
This disease in force occurs immediately after exercise, and can persist for
several days (Lepers R, et al, “The Effects of Prolonged Running Exercise on
Strength Characteristics,” international Journal of Sports Medicine 2000: 21:275-
80). In one study, peak force was reduced 46% to 58% immediately after high
stress-induced injury (Warren GL, et al, “Strength Loss after Eccentric
Contractions is Unaffected by Creatine Supplementation,” Journal of Applied
Physiology 2000; 89:557-62). In mice, after exercise-induced injury, peak force
was immediately reduced by 49%, partially recovered between 3 and 5 days, but
was still depressed at 14 days (-24%) (Ingalls CP, et al, “Dissociation of Force
Production from MHC and Actin Contents in Muscles Injured by Eccentric
Contractions,” Journal Muscle Research Cellular Motility 1998: 19:215-24).

[017] The skeletal muscle literature suggests that muscle tissue can be
acutely injured by high stress. The present inventors have realized that stress-
Induced injury can also occur in cardiac muscle subjected to repeated high stress
contractions which occur along the progressive boundaries of an initially-infarcted
tissue site. High stresses in the ‘bieri-infarct region results in the death or
dysfunction of otherwise viable tissue, resulting in a progressive increase in the
size of damaged tissue. As new tissue is continuously subjected to high
stresses, the tissue adjacent to it dies or becomes dysfunctional and results in a
new, enlarged peri-infarct region.

Description of Related Art

[018] The treatments for myocardial infarction in the prior art are varied,
and generally unsatisfactory. Immediately after a myocardial infarction,
preventing and treating ventricular fibrillation and stabilizing the hemodynamics
are well-established therapies. Newer approaches include more aggressive

efforts to restore patency to occluded vessels. This is accomplished through
6
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thrombolytic therapy or angioplasty and stents. Reopening the occluded artery
within hours of initial occlusion can decrease tissue death, and thereby decrease
the total magnitude of infarct expansion, extension, and ventricular remodeling .
[019] Chronic treatments include surgical approaches to exclude, isolate,
or remove the infarct region (such as the Dor procedure). Other potential
surgical approaches, requiring the chest to be opened, include the application of
heat to shrink the infarcted, scarred tissue, followed by the suturing of a patch
onto the infarcted region. Other treatments envision surrounding the heart, or a
significant portion thereof, with a jacket. One study (Kelley ST, Malekan R,

Gorman JH 3rd, Jackson BM, Gorman RC, Suzuki Y, Plappert T, Bogen DK,
Sutton MG, Edmunds LH Jr. “Restraining infarct expansion preserves LV
geometry and function after acute anteroapical infarction,” Circulation. 1999;
00:135-142) 'tested the hypothesis that restraining expansion of an acute
infarction preserves LV geometry and resting function. in 23 sheep, snares were
placed around the distal left anterior descending and second diagonal coronary
arteries. In 12 sheep, infarct deformation was prevented by Marlax*mesh placed
over the anticipated myocardial infarct. Snared arteries were occluded 10 to 14
days later. in sheep with mesh, circulatory hemodynamics, stroke work, and end-
systolic elastance return to preinfarction values 1 week after infarction and do not
change subsequently. Ventricular volumes and EF do not change after the first
week postinfarction. Control animals develop large anteroapical ventricular
aneurysmes, increasing LV dilatation, and progressive deterioration in circulatory
hemodynamics and ventricular function. At week 8, differences in LV end-
diastolic pressure, cardiac output, end-diastolic and end-systolic volumes, EF,
stroke work, and end-systolic elastance are significant (P<0.01) between groups.
Prophylactically preventing expansion of acute myocardial infarctions at least has
‘been shown, therefore, to preserve LV geometry and function.

[020] Chronic treatments also include pharmaceuticals such as ACE

inhibitors, beta blockers, diuretics, and Ca™ ‘antagonists (Cohn J. N. et al.,

* Trade-mark 7
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“Cardiac Remodeling - Concepts And Clinical Implications: A Consensus Paper
From An International Forum On Cardiac Remodeling,” J. Am Coll Cardiol 2000;
35:569-82). These agents have muitiple effects, but share in the abillity to reduce
aortic pressure, and thereby cause a slight decease in wall stress. These agents
have been shown to slow the ventricular remodeling process (St John Sutton M,
Pfeffer MA, Moye L, Plappert T, Rouleau JL, Lamas G, Rouleau J, Parker JO,
Arnold MO, Sussex B, Braunwald E, “*Cardiovascular Death And Left Ventricular
Remodeling Two Years After Myocardial Infarction: Baseline Predictors And
Impact Of Long-Term Use Of Captopril: Information From The Survival And
Ventricular Enlargement (SAVE) Trial,” Circulation 1997;96:3294-9). However,
drug compliance is far from optimal. Significant variances exist between
published guidelines and actual practice. For example, in treating hyperipidemia
in patients with known coronary artery disease, physician adherence is only 8 to
39% Lulla et al., (American Journal of Cardiology 83:1303-1307, 19©9).

[021] Chronic treatment includes surgical approaches to exclude, to
isolate, or to remove the infarct region (such as the Dor procedure). Another
potential surgical approach, requiring the chest to be opened, inciudes the
CARDIOCAP*made by Acom Cardiovascular Inc. of St. Paul, MN. The
CARDIOCAP device, a textile girdle or so-called “cardiac wrap,” is wrapped
around both the left and right ventricles, thereby preventing further enlargement
of the heart.

[022] Despite these improvements in therapy, the total number and
incidence of heart failure continues to rise with over 400,000 new cases each
year. Approximately 85% of these new cases are due to ischemic
cardiomyopathy.

[023] Cellular transplantation, introduction of cells into terminally injured
heart, can mediate over several weeks islands of viable cells in the myocardium.
Several different cell types, ranging from embryonic stem cells, smooth muscle
cells, bone marrow cells, cardiomyocytes to autologous skeletal myoblasts, have

*Trade-mark 8
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been successfully propagated within damaged heart and shown to improve
myocardial performance (Hutcheson KA, Atkins BZ, Hueman MT, Hopkins MB,
Glower DD, Taylor DA, “Comparison Of Benefits On Myocardial Performance Of
Cellular Cardiomyoplasty With Skeletal Myoblasts And Fibroblasts,” Cell
Transplant 2000;9:359-68; Tomita S, Li RK, Weisel RD, Mickie DA, Kim EJ,
Sakai T, Jia ZQ, "Autologous Transplantation Of Bone Marrow Cells Improves
Damaged Heart Function,” Circulation 1999;100:11247-56; Li RK, Weisel RD,
Mickle DA, Jia ZQ, Kim EJ, Sakai T, Tomita S, Schwartz L, lwanochko M, Husain
M, Cusimano RJ, Burns RJ, Yau TM, “Autologous Porcine Heart Cell
Transplantation Improved Heart Function After A Myocardial Infarction,” J
Thorac. Cardiovasc. Surg. 2000;119:62-8; Scorsin M, Hagege A, Vilquin JT,
Fiszman M, Marotte F, Samuel JL, Rappaport L, Schwartz K, Menasche P,
“Comparison Of The Effects Of Fetal Cardiomyocyte And Skeletal Myoblast
Transplantation On Postinfarction LV Function,” J Thorac. Cardiovasc. Surg.
2000;119:1169-75; Pouzet B, Ghostine S,;Vilquin JT, Garcin |, Scorsin M,
Hagege AA, Duboc D, Schwartz K, Menasche P, “Is Skeletal Myoblast
Transplantation Clinically Relevant In The Era Of Angiotensin-Converting
Enzyme Inhibitors?” Circulation 2001;104:1223-8). Thus, multiple cell lines can
be used. While most studies show improvement in left ventricular (LV) function,
ejection fraction (EF), decreased end diastolic volume (EDV) and end systolic
volume (ESV), the mechanism for these improvements is unknown.

1024] Interestingly, most studies show increased wall thickness in scar
and a stiffer LV. Transplanted smooth muscle cells limited LV dilatation and
Improved heart function. These results are consistent with the transplanted
smooth muscle cells limiting scar expansion, preventing ventricular dilatation,
and over-stretching of the cardiomyocytes during systole (Li RK, Jia ZQ, Weisel
RD, Merante F, Mickle DA, “Smooth Muscle Cell Transplantation Into Myocardial
Scar Tissue Improves Heart Function,” J. Mol. Cell Cardiol. 1999;31:513-22).
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[025] To quote the study by Etzion and colleagues, “The mechanism
behind these encouraging effects remains speculative. Direct contribution of the
transplanted myocytes to contractility is unlikely based on our histological
findings. Benefits may be associated with enhanced angiogenesis, attenuation
of infarct expansion by virtue of the elastic properties of the engrafted
cardiomyocytes . . . It is possible that the beneficial effect of the engrafted cells is
due to increasing ventricular wall thickness, which, according to Laplace’s law,
will reduce LV wall stress and should prevent infarct expansion, LV dilatation and
deterioration of function.” (Etfzion S, Battler A, Barbash IM, Cagnano E, Zarin P,
Granot Y, Kedes LH, Kloner RA, Leor J, “Influence Of Embryonic Cardiomyocyte
Transplantation On The Progression Of Heart Failure In A Rat Model Of
Extensive Myocardial Infarction,” J. Mol. Celi Cardiol. 2001;33:1321-30).

1026] Since multiple cell lines and even non-contracting cells can
Improve LV function, and since increased scar thickness is consistently
observed, the mechanism for improved function with cell transplantation may be
due to increased stiffness of the infarcted tissue. From previous theoretical
analysis, this increased stiffness should decrease myocardial wall stress.

[027] The present inventors have also recognized that certain results
obtained from patients with left ventricular assist devices (LVADs) indicate the
importance of high stress in the etiology of the myocyte dysfunction secondarily
to myocardial infarctions. The observations from patients with LVADs support an
argument for the importance of high stress in the etiology of global and myocyte
dysfunction secondary to myocardial infarctions. In heart failure, not only is
global function severely depressed, the individual myocytes are also depressed'
with altered gene expression and receptor regulation. Patients, awaiting heart
transplantation, have received LVAD support. At the time of heart transplantation,
cells have been isolated from the diseased hearts. With LVAD support, the
myocyte cell function, gene expression, and receptor regulation tend to return

towards normal. The LVAD reduces the wall stress on the myocardial cells. The
10
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implication is that high wall stress plays a central role in inducing cell failure or
conversely decreasing wall stress leads to improved cell function.

[028] The catheter-based approach for the introduction of devices or
agents into the cardiac space can take advantage of current techniques to
identity the ischemic myocardium, to position catheters within the left ventricular
cavity, to insert devices onto or into the myocardium, and/or to inject material into
a coronary artery or vein.

[029] With percutaneous transmyocardial revascularization (TMR) and
gene therapy, systems have been developed to assess and to distinguish
normal, ischemic and non-viable, and ischemic but viable myocardial tissue.

[030] The main focus of TMR is to increase perfusion in myocardial
tissue that is ischemic, but still viable, and not to create channels in normal
myocardial tissue. In gene therapy to increase revascularization, a similar need
to identify ischemic, viable myocardial tissue exist. While in cell transplantation,
the intent is to seed the ischemic, non-viable myocardial tissue with new cells.

[031] Multiple technologies and approaches are available today for the
clinician to assess normal, ischemic-non-viable, and ischemic-viable myocardial
fissue. These include, but are limited to, localized blood flow determinations,
local electrical and mechanical activity, nuclear cardiology, echocardiographic
stress test, coronary angiography and ventriculography.

[032] Localized blood flow determinations: Researchers in medical
science have known that the rate of blood flow within a tissue can be measured
by a process of heating a device, such as a probe, which is in contact with the
tissue being examined, and then recording the temperature changes by a
thermocouple positioned in or near the probe. The recorded temperature
changes are representative of the blood flow in the tissue. The heated device
and thermocouple effectively act as a flow meter for determining the blood flow
as a function of the rate at which heat is carried away from the tissue.

11
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[033] Heated probes and thermocouples used for the determination of
blood flow were first introduced by F. A. Gibbs in 1933 for the purpose of
measuring flow in blood vessels. Gibbs' experiment is described in Proc. Soc.
Exptl. Biol. Med. 31; 141-147, 1933, entitled, "A Thermoelectric Blood Flow
Recorder In The Form Of A Needle." Heated probes and thermocouples were
later used as flow meters by C. F. Schmidt and J. C. Pierson for measuring blood
flow in solid organs. Schmidt's and Pierson's efforts are described in the Am. J.
Physiol., 108; 241, 1934, entitled, "The intrinsic regulation of the blood flow of
medulla oblongata.” Further investigation by J. Grayson and his colleagues
described in Nature 215: 767-768, 1967, entitled, "Thermal Conductivity of
Normal and Infarcted Heart Muscle,” demonstrated that a heated probe with a
thermocouple could be used in accordance with a certain relation, known as
Carslaw's equation, to measure the thermal conductivity (k) of any solid,
semisolid, or liquid in which the heated probe and thermocouple were inserted.
Carslaw's equation is discussed in detail in the Journal of Applied Physiology,
Vol. 30, No. 2, February 1971, in an article entitled, "Internal Calorimetry
Assessment of Myocardial Blood Flow and Heat Production."

[034] A heated coil about a thermistor may also by used as an effective
flow meter as described in a Technical Note entitled, "Thermal Transcutaneous
Flowmeter," by D. C. Harding, et al., published in Med. & Biol. Eng., Vol. 5, 623-
626, Pergamon Press, 1967.

[035] "Heated" thermocouples or thermistors used in flow meters,
function to provide heat essentially by conduction to the tissue in immediate
contact with the heating device, and measure the temperature of that tissue.

Determination of fluid (blood) perfusion heretofore was limited by the heating of

tissue essentially in contact with a heated device.
[036] U.S. Pat. No. 4,228,805 issued to Rosen and Santamore describes
irradiating tissue with a microwave signal having a predetermined repetition rate,

amplitude and frequency, to elevate the temperature of a volume of the tissue to
12
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a predetermined temperature and measuring the rate of decay of the
temperature of tissue, which decay is indicative of thermal conductivity of the
volume of tissue and thus the fluid perfusion of the volume of tissue.

[037] U.S. Pat. No. 6,277,082 issued to Gambale describes an ischemia
detection system by temporarily altering the temperature of the tissue and then
monitoring the thermal profile of the tissue as it returns to normal temperature.
Tissue areas of slower response time correspond to areas of reduced blood flow
(ischemia).

[038] Electrical and Mechanical Activity: This approach uses three
external reference points generating low-magnetic field energy to locate the
position of a catheter in the body. The tip of the catheter is positioned against
the left ventricular endocardial surface. Based on the motion of the tip of the
catheter throughout the cardiac cycle, regional wall motion is assessed: greater
motion indicating normal regions and lesser wall motion indicating ischemic
regions. Local myocardial electrical activity, either unipolar or bipolar, measured
at the catheter tip indicate normal (higher peak-to-peak QRS voltage) or ischemic
(lower peak-to-peak QRS voltage) myocardium. Myocardial tissue with high wall
motion scores and high electrical potentials is considered to be normal tissue.
Myocardial tissue with low wall motion scores, but moderate electrical potentials
IS considered to be ischemic, but viable tissue. Myocardial tissue with low wall
motion scores and low electrical potentials is considered to be ischemic, non-
viable tissue.

[039] For myocardial perfusion imaging with the single photon emission
tomography, or SPECT, technique, dual-isotope imaging is generally performed
with ' T, (Thallium 201) for rest and **™T¢ sestamibi for stress imaging. Under
resting conditions, “°'T4 is administered intravenously. Patients are positioned in
a standard SPECT camera in the supine position, and rest imaging is performed
beginning 15 minutes atter thallium injection. After completion of acquisition of

the rest images, subsequent imaging is performed using pharmacological (i.e.,
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adenosine administration) stress. *™T sestamibi is administered at peak
vasodilator effect. Stress imaging is performed beginning 60 minutes after
sestamibi injection. In patients with a suspected or objectively determined
irreversible perfusion defect, who might have reduced perfusion at rest to viable
tissue, redistribution images of the rest thallium data are performed. This is
achieved by a second acquisition of thallium data at 3 to 4 hours to represent
redistribution activity. After the rest-redistribution thallium study, the patient
undergoes stress imaging as indicated above.

[040] Typically, short-axis image slices are selected for interpretation,
representing basilar, midventricular, and apical levels of the LV. The mid and
basilar short-axis slices are subdivided into 4 segments representing the anterior,
anteroseptal, inferoposterior, and lateral regions, similar to the subdivision
obtained by the LV electromechanical mapping. A qualitative assessment for
these 9 segments (normal, reversible defect, fixed defect) is performed for both
the rest thallium and stress sestamibi data sets.

[041] Echocardiograph provides real-time single, ftwo-dimensional, and
soon three-dimensional views of the heart. From these visual images, regional
ventricular wall motion is determined. Myocardial infarction causes abnormalities
in regional wall motion, which can be assessed by echocardiography.
Additionally, echocardiographic contrast agents are available, which can be used
to assess regional blood flow.

1042} In the cardiac catheterization laboratory, the lesion responsible for
the myocardial infarction can be identified together with the abnormal wall. Via
an artery (commonly the femoral-artery), a catheter is positioned by the left main
coronary artery. Contrast material is injected into the coronary arteries and the
lesion responsible for the myocardial infarction identified; i.e., the lesion that is

causing the obstruction to flow.
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[043] It is accordingly a primary object of the invention to provide
therapeutic devices and methods for the mechanical treatment of myocardial
infarction.

[044] The present invention contemplates an intervention being taken to
prevent further deterioration of cardiac tissue surrounding an infarction,
preferably such intervention being taken immediately following an Ml event. This
is achieved by mechanically supporting an infarct and/or peri-infarct region to
prevent processes associated with infarct expansion and ventricular remodeling
as the result of high stresses exerted at the junction between the infarcted tissue
and the normal myocardium. In the absence of intervention, these high stresses
will eventually kill or severely depress function in the myocardial cells. This
resulting wave of dysfunctional tissue spreading out from the original myocardial
Infarct region greatly exacerbates the nature of the disease.

[045] At present, there are no simple mechanical procedures available to
treat myocardial extension, and no catheter-based or mini-thoracotomy

procedures to treat myocardial extension and ventricular remodeling.

SUMMARY OF THE INVENTION

1046] In accordance with the invention, devices and methods are
provided for an effective intervention to interrupt the propagation of dysfunctional
tissue in the myocardium. This therapy can be used to prevent a variety of heart
pathologies.

[047] Disclosed are devices and methods for direct, localized, therapeutic
treatment of myocardial tissue in heart hav<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>