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(57) ABSTRACT 
A method and apparatus for reducing rnitral regurgitation. 
The apparatus is inserted into the coronary sinus of a patient 
in the vicinity of the posterior lea?et of the rnitral valve, the 
apparatus being con?gured to straighten the natural curva 
ture of at least a portion of the coronary sinus in the vicinity 
of the posterior lea?et of the rnitral valve, Whereby to move 
the posterior annulus anteriorly and thereby irnprove lea?et 
coaptation and reduce rnitral regurgitation. 
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METHOD AND APPARATUS FOR IMPROVING 
MITRAL VALVE FUNCTION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This patent application: 

[0002] (1) claims bene?t of pending prior US. Patent 
Application Serial No. 60/391,790, ?led Jun. 26, 
2002, by William E. Cohn et al. for METHOD AND 
APPARATUS FOR IMPROVING MITRAL VALVE 
FUNCTION (Attorney’s Docket No. VIA-34 
PROV); and 

[0003] (2) is a continuation-in-part of pending prior 
US. patent application Ser. No. 10/446,470, ?led 
May 27, 2003, by Jonathan M. Rourke et al. for 
METHOD AND APPARATUS FOR IMPROVING 
MITRAL VALVE FUNCTION (Attorney’s Docket 
No. VIA 43); 

[0004] Which are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0005] This invention relates to surgical methods and 
apparatus in general, and more particularly to surgical 
methods and apparatus for improving mitral valve function. 

BACKGROUND OF THE INVENTION 

[0006] Mitral valve repair is the procedure of choice to 
correct mitral regurgitation of all etiologies. With the use of 
current surgical techniques, betWeen 70% and 95% of regur 
gitant mitral valves can be repaired. The advantages of 
mitral valve repair over mitral valve replacement are Well 
documented. These include better preservation of cardiac 
function and reduced risk of anticoagulant-related hemor 
rhage, thromboembolism and endocarditis. 

[0007] In current practice, mitral valve surgery requires an 
extremely invasive approach that includes a chest Wall 
incision, cardiopulmonary bypass, cardiac and pulmonary 
arrest, and an incision on the heart itself to gain access to the 
mitral valve. Such a procedure is associated With high 
morbidity and mortality. Due to the risks associated With this 
procedure, many of the sickest patients are denied the 
potential bene?ts of surgical correction of mitral regurgita 
tion. In addition, patients With moderate, symptomatic mitral 
regurgitation are denied early intervention and undergo 
surgical correction only after the development of cardiac 
dysfunction. 
[0008] Mitral regurgitation is a common occurrence in 
patients With heart failure and a source of important mor 
bidity and mortality in these patients. Mitral regurgitation in 
patients With heart failure is caused by changes in the 
geometric con?gurations of the left ventricle, papillary 
muscles and mitral annulus. These geometric alterations 
result in incomplete coaptation of the mitral lea?ets at 
systole. In this situation, mitral regurgitation is corrected by 
plicating the mitral valve annulus, either by sutures alone or 
by sutures in combination With a support ring, so as to 
reduce the circumference of the distended annulus and 
restore the original geometry of the mitral valve annulus. 

[0009] More particularly, current surgical practice for 
mitral valve repair generally requires that the mitral valve 
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annulus be reduced in radius by surgically opening the left 
atrium and then ?Xing sutures, or more commonly sutures in 
combination With a support ring, to the internal surface of 
the annulus; this structure is used to cinch the annulus, in a 
pursestring-like fashion, to a smaller radius, thereby reduc 
ing mitral regurgitation by improving lea?et coaptation. 

[0010] This method of mitral valve repair, generally 
termed “annuloplasty”, effectively reduces mitral regurgita 
tion in heart failure patients. This, in turn, reduces symptoms 
of heart failure, improves quality of life and increases 
longevity. Unfortunately, hoWever, the invasive nature of 
mitral valve surgery and the attendant risks render most 
heart failure patients poor surgical candidates. Thus, a less 
invasive means to increase lea?et coaptation and thereby 
reduce mitral regurgitation in heart failure patients Would 
make this therapy available to a much greater percentage of 
patients. 
[0011] Mitral regurgitation also occurs in approximately 
20% of patients suffering acute myocardial infarction. In 
addition, mitral regurgitation is the primary cause of car 
diogenic shock in approximately 10% of patients Who 
develop severe hemodynamic instability in the setting of 
acute myocardial infarction. Patients With mitral regurgita 
tion and cardiogenic shock have about a 50% hospital 
mortality. Elimination of mitral regurgitation in these 
patients Would be of signi?cant bene?t. Unfortunately, hoW 
ever, patients With acute mitral regurgitation complicating 
acute myocardial infarction are particularly high-risk surgi 
cal candidates, and are therefore not good candidates for a 
traditional annuloplasty procedure. Thus, a minimally inva 
sive means to effect a temporary reduction or elimination of 
mitral regurgitation in these critically ill patients Would 
afford them the time to recover from the myocardial infarc 
tion or other acute life-threatening events and make them 
better candidates for medical, interventional or surgical 
therapy. 

SUMMARY OF THE INVENTION 

[0012] As a result, one object of the present invention is to 
provide an improved method and apparatus for reducing 
mitral regurgitation. 

[0013] Another object of the present invention is to pro 
vide a method and apparatus for reducing mitral regurgita 
tion Which is minimally invasive. 

[0014] Another object of the present invention is to pro 
vide a method and apparatus for reducing mitral regurgita 
tion Which can be deployed either permanently (e.g., for 
patients suffering from heart failure) or temporarily (e.g., for 
patients suffering from mitral regurgitation With acute myo 
cardial infarction). 

[0015] These and other objects are addressed by the 
present invention, Which comprises an improved method 
and apparatus for reducing mitral regurgitation. 

[0016] In one form of the invention, there is provided a 
method for reducing mitral regurgitation comprising: 

[0017] inserting apparatus into the coronary sinus of 
a patient in the vicinity of the posterior lea?et of the 
mitral valve, the apparatus being adapted to 
straighten the natural curvature of at least a portion 
of the coronary sinus in the vicinity of the posterior 
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lea?et of the mitral valve, Whereby to move the 
posterior annulus anteriorly and thereby improve 
lea?et coaptation. 

[0018] In another form of the invention, there is provided 
a method for reducing mitral regurgitation comprising: 

[0019] inserting apparatus into the coronary sinus of 
a patient in the vicinity of the posterior lea?et of the 
mitral valve, the apparatus being adapted to move at 
least a portion of the coronary sinus in the vicinity of 
the posterior lea?et of the mitral valve anteriorly, 
Whereby to move the posterior annulus anteriorly 
and thereby improve lea?et coaptation. 

[0020] In another form of the invention, there is provided 
a method for reducing mitral regurgitation comprising: 

[0021] inserting apparatus into the coronary sinus of 
a patient in the vicinity of the posterior lea?et of the 
mitral valve, the apparatus being adapted to reduce 
the degree of natural curvature of at least a portion of 
the coronary sinus in the vicinity of the posterior 
lea?et of the mitral valve, Whereby to move the 
posterior annulus anteriorly and thereby improve 
lea?et coaptation. 

[0022] In another form of the invention, there is provided 
a method for reducing mitral regurgitation comprising: 

[0023] inserting apparatus into the coronary sinus of 
a patient in the vicinity of the posterior lea?et of the 
mitral valve, the apparatus being adapted to increase 
the natural radius of curvature of at least a portion of 
the coronary sinus in the vicinity of the posterior 
lea?et of the mitral valve, Whereby to move the 
posterior annulus anteriorly and thereby improve 
lea?et coaptation. 

[0024] In another form of the invention, there is provided 
a method for reducing mitral regurgitation comprising: 

[0025] inserting apparatus into the coronary sinus of 
a patient in the vicinity of the posterior lea?et of the 
mitral valve, the apparatus having a distal end, a 
proximal end and an intermediate portion, the appa 
ratus being con?gured so that When the apparatus is 
positioned in the coronary sinus in the vicinity of the 
posterior lea?et of the mitral valve, the distal and 
proximal ends apply a posteriorly-directed force to 
the Wall of the coronary sinus and the intermediate 
portion applies an anteriorly-directed force to the 
Wall of the coronary sinus, Whereby to move the 
posterior annulus anteriorly and thereby improve 
lea?et coaptation. 

[0026] In another form of the invention, there is provided 
a method for reducing mitral regurgitation comprising: 

[0027] inserting a substantially straight elongated 
body into the coronary sinus of a patient in the 
vicinity of the posterior lea?et of the mitral valve, the 
length of the substantially straight elongated body 
being siZed relative to the natural curvature of the 
coronary sinus in the vicinity of the posterior lea?et 
of the mitral valve so that When the substantially 
straight elongated body is positioned in the coronary 
sinus, it Will cause at least a portion of the coronary 
sinus to assume a substantially straight con?guration 
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adjacent to the posterior lea?et of the mitral valve, 
Whereby to increase the radius of curvature of the 
mitral annulus and thereby improve lea?et coapta 
tion. 

[0028] In another form of the invention, there is provided 
a method for reducing mitral regurgitation comprising: 

[0029] inserting a substantially rigid elongated body 
into the coronary sinus of a patient in the vicinity of 
the posterior lea?et of the mitral valve, the substan 
tially rigid elongated body being con?gured relative 
to the natural curvature of the coronary sinus in the 
vicinity of the posterior lea?et of the mitral valve so 
that When the substantially rigid elongated body is 
positioned in the coronary sinus, it causes at least a 
portion of the coronary sinus to assume a different 
con?guration adjacent to the posterior lea?et of the 
mitral valve, Whereby to move the posterior annulus 
anteriorly and thereby improve lea?et coaptation. 

[0030] In another form of the invention, there is provided 
a method for reducing mitral regurgitation comprising: 

[0031] inserting a straight, substantially rigid elon 
gated body into the coronary sinus of a patient in the 
vicinity of the posterior lea?et of the mitral valve, the 
length of the straight, substantially rigid elongated 
body being siZed relative to the natural curvature of 
the coronary sinus in the vicinity of the posterior 
lea?et of the mitral valve so that When the straight, 
substantially rigid elongated body is positioned in 
the coronary sinus, it Will cause at least a portion of 
the coronary sinus to assume a substantially straight 
con?guration adjacent to the posterior lea?et of the 
mitral valve, Whereby to increase the radius of cur 
vature of the mitral annulus and thereby improve 
lea?et coaptation. 

[0032] In another form of the invention, there is provided 
an apparatus for reducing mitral regurgitation comprising: 

[0033] a body having a distal end, a proximal end and 
an intermediate portion, the body being con?gured 
so that When the body is positioned in the coronary 
sinus in the vicinity of the posterior lea?et of the 
mitral valve, the distal and proximal ends apply a 
posteriorly-directed force to the Wall of the coronary 
sinus, and the intermediate portion applies an ante 
riorly-directed force to the Wall of the coronary 
sinus, Whereby to move the posterior annulus of the 
mitral valve anteriorly and thereby improve lea?et 
coaptation. 

[0034] In another form of the invention, there is provided 
an apparatus for reducing mitral regurgitation comprising: 

[0035] a substantially straight elongated body 
adapted to be inserted into the coronary sinus of a 
patient in the vicinity of the posterior lea?et of the 
mitral valve, the length of the substantially straight 
elongated body being siZed relative to the natural 
curvature of the coronary sinus in the vicinity of the 
posterior lea?et of the mitral valve so that When the 
substantially straight elongated body is positioned in 
the coronary sinus, it causes at least a portion of the 
coronary sinus to assume a substantially straight 
con?guration adjacent to the posterior lea?et of the 
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mitral valve, whereby to increase the radius of cur 
vature of the mitral annulus, moving it anteriorly, 
and thereby improve lea?et coaptation. 

[0036] In another form of the invention, there is provided 
an apparatus for reducing mitral regurgitation comprising: 

[0037] a substantially rigid elongated body adapted 
to be inserted into the coronary sinus of a patient in 
the vicinity of the posterior lea?et of the mitral valve, 
the length of the straight, substantially rigid elon 
gated body being siZed relative to the natural curva 
ture of the coronary sinus in the vicinity of the 
posterior lea?et of the mitral valve so that When the 
substantially rigid elongated body is positioned in 
the coronary sinus, it causes at least a portion of the 
coronary sinus to assume a different con?guration 
adjacent to the posterior lea?et of the mitral valve, 
Whereby to move the posterior annulus anteriorly 
and thereby improve lea?et coaptation. 

[0038] In another form of the invention, there is provided 
an apparatus for reducing mitral regurgitation comprising: 

[0039] a straight, substantially rigid elongated body 
adapted to be inserted into the coronary sinus of a 
patient in the vicinity of the posterior lea?et of the 
mitral valve, the length of the straight, substantially 
rigid elongated body being siZed relative to the 
natural curvature of the coronary sinus in the vicinity 
of the posterior lea?et of the mitral valve so that 
When the straight, substantially rigid elongated body 
is positioned in the coronary sinus, it Will cause at 
least a portion of the coronary sinus to assume a 
substantially straight con?guration adjacent to the 
posterior lea?et of the mitral valve, Whereby to 
increase the radius of curvature of the mitral annulus, 
moving it anteriorly, and thereby improve lea?et 
coaptation. 

[0040] In accordance With a further feature of the present 
invention, there is provided a catheter comprising a ?exible 
elongated delivery tube having a central lumen extending 
from a distal end of the tube to a proximal end of the tube, 
the ?exibility of the tube being such as to permit closure of 
the distal end of the tube upon encounter With an impinging 
body structure, Whereby to inhibit ?oW of ?uid out of the 
distal end of the tube. Ori?ce means de?ned by the tube are 
disposed in a side Wall thereof, the ori?ce means being 
disposed proximate but spaced from the distal end of the 
tube and con?gured to permit egress of ?uid from the tube. 

[0041] In accordance With a further feature of the inven 
tion, there is provided a catheter comprising a ?exible 
elongated delivery tube having a central lumen extending 
from a distal end of the tube to a proximal end of the tube, 
and longitudinally extending surface grooves disposed in an 
outer surface of the tube to permit ?oW of ?uid longitudi 
nally of the tube. 

[0042] In accordance With a still further feature of the 
invention, there is provided an apparatus for reducing mitral 
regurgitation. The apparatus comprises a body having a 
distal end, a proximal end, and an intermediate portion, the 
body being con?gured such that When the body is positioned 
in the coronary sinus in the vicinity of the posterior lea?et 
of the mitral valve, the distal and proximal ends apply a 
posteriorly-directed force to the Wall of the coronary sinus, 
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and the intermediate portion applies an anteriorly-directed 
force to the Wall of the coronary sinus, Whereby to move the 
posterior annulus of the mitral valve anteriorly and thereby 
improve lea?et coaptation. Longitudinally extending surface 
grooves are disposed in an outer surface of the body to 
permit ?oW of ?uid longitudinally of the body. 

[0043] Signi?cantly, the present invention may be prac 
ticed in a minimally invasive manner, either permanently or 
temporarily, so as to reduce mitral regurgitation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] These and other objects and features of the present 
invention Will be more fully disclosed or rendered obvious 
by the folloWing detailed description of the preferred 
embodiments of the invention, Which is to be considered 
together With the accompanying draWings Wherein like 
numbers refer to like parts and further Wherein: 

[0045] FIG. 1 is a schematic vieW of portions of the 
human vascular system; 

[0046] FIG. 2 is a schematic vieW of portions of the 
human heart; 

[0047] FIG. 3 is a schematic vieW of a preferred system 
formed in accordance With the present invention; 

[0048] FIGS. 4-7 are a series of vieWs illustrating use of 
the system of FIG. 3 to reduce mitral regurgitation; 

[0049] FIG. 8 shoWs an alternative form of delivery 
catheter; 
[0050] FIG. 9 shoWs an alternative form of ?exible push 
rod; 
[0051] FIG. 9A shoWs another alternative form of the 
present invention; 

[0052] FIGS. 10 and 11 shoW alternative constructions 
for the straight, substantially rigid elongated body; 

[0053] FIG. 12 shoWs an alternative system formed in 
accordance With the present invention; 

[0054] 
12; 
[0055] FIG. 14 is a schematic vieW of a knoWn catheter 
shoWn being used in the introduction of a substantially 
straight, substantially rigid elongated body into place to 
reduce mitral regurgitation, and encountering a common 
problem; 
[0056] FIG. 15 is a schematic vieW similar to FIG. 14 but 
illustrating an alternative catheter providing a solution to the 
aforesaid problem; 

FIG. 13 shoWs use of the system shoWn in FIG. 

[0057] FIG. 16 is an enlarged sectional vieW of a portion 
of the catheter of FIG. 15; 

[0058] FIG. 17 is a side elevational vieW of a further 
alternative catheter; 

[0059] FIG. 18 is a sectional vieW taken along line XVIII 
XVIII of FIG. 17; 

[0060] FIG. 19 is a side elevational vieW of a still further 
alternative catheter; and 

[0061] FIG. 20 is a sectional vieW taken along line XX 
XX of FIG. 19. 
















