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NARROWING IMPLANT 

RELATED APPLICATIONS 

[0001] This application is related to US. application Ser. 
No. 09/534,968, ?led Mar. 27, 2000 the disclosure of Which 
is incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to devices for nar 
roWing bodily conduits, for example, blood vessels, to less 
than their normal diameter. 

BACKGROUND OF THE INVENTION 

[0003] The heart pumps blood through the body. The heart 
itself is fed by coronary arteries that end at capillaries. The 
capillaries are drained by a netWork of coronary veins, that 
(typically) ?oW into a vein knoWn as the coronary sinus. The 
coronary sinus is a short, large diameter vein that is sub 
stantially contiguous With a right atrium, the atrium that 
collects all venous blood from the body. 

[0004] Occlusion of coronary arteries is a leading cause of 
death, especially sudden death, in What is commonly called 
a “heart attack”. When blood How to a portion of the heart 
is suddenly stopped, the portion becomes ischemic and its 
electrical activity is disrupted. As the activity of the heart is 
mediated by electrical signal propagation, such disruption 
typically propagates to the rest of the heart, disorganiZes the 
heart’s activation and causes the heart output to be reduced 
drastically, Which leads to ischemia and death of the brain. 
In addition, the disorganiZed activity often damages the 
heart beyond What Was caused directly by the blockage. 

[0005] If a patient survives the direct effects of the heart 
attack, the damage to the heart may predispose the patient to 
future electrical disorders and/or may signi?cantly reduce 
the cardiac output, thus reducing quality of life and life 
expectancy. 

[0006] Angina pectoris is a chronic or semi-chronic con 
dition Which, While not life-threatening, signi?cantly 
reduces quality of life. In general, the heart responds to 
increased demand by Working harder, requiring more coro 
nary blood ?oW. When coronary arteries are stenosed or 
occluded, the increased blood ?oW cannot be provided, and 
pain, caused by the resulting ischemia, is produced. 

[0007] The heart has natural mechanisms to overcome 
stenosis in coronary arteries. One such mechanism is angio 
genesis, in Which neW arteries are created, for bypassing the 
stenosis. 

[0008] Since angiogenesis does not alWays occur natu 
rally, various procedures have been suggested to encourage 
it. For example Trans-Myocardial RevasculariZation (TMR), 
is a process in Which multiple holes are drilled in the heart, 
With the intent of causing neW vessels to be created. 

[0009] Beck, in “The Surgical Management of Coronary 
Artery Disease: Background, Rationale, Clinical Experi 
ence” by C. S. Beck and B. L. Bro?nan, 1956, by the 
American College of Physicians in Annals of Internal Medi 
cine Vol. 45, No. 6, December 1956 and in “Long Term 
In?uence of the Beck Operation for Coronary Heart Dis 
ease”, by B. L. Brofman in the American Journal of Cardi 
ology August 1960, the disclosures of Which are incorpo 
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rated herein by reference, performed open chest surgery in 
Which a coronary sinus vein Was restricted, by an external 
suture. After a feW months, coronary blood supply appar 
ently improved. HoWever, this method has fallen in disfavor, 
in part probably due to the need to open the chest and lift up 
the heart, to reach the coronary sinus vein. 

[0010] A standard treatment of stenosed arteries is insert 
ing a stent into the artery, at the stenosed point. The stent, for 
example a metal coil or mesh, is expanded to have an inner 
diameter similar to that of the original stenosed blood vessel. 
If many stenoses are present, it is not common to implant 
multiple stents. Instead, a bypass procedure, in Which a 
conduit is used to bypass the stenoses, is performed. 

[0011] US. Pat. No. 5,618,301, the disclosure of Which is 
incorporated herein by reference, describes a stent-like 
device for reducing the diameter of a body conduit. What is 
described is an open mesh stent that can be inserted in a 
stented channel created by a TIPS (Trans-Jugular Intra 
Hepatic Portal-Systemic Shunt) procedure, to reduce the 
blood ?oW rate through the channel. In order to ensure the 
How diameter is reduced and prevent ?oW through the open 
mesh, a plurality of thromobogentic threads are provided on 
the outside of the mesh. HoWever, as can be appreciated, 
intentionally forming thrombosis in most any part of the 
vascular system, and especially near the heart, can lead to 
propagating coagulation or ?oating thromboses, Which are 
potentially fatal. 

SUMMARY OF THE INVENTION 

[0012] An aspect of some embodiments of the invention 
relates to a diameter reducing implant adapted for insertion 
into blood vessels. In an exemplary embodiment of the 
invention, the implant (reducer) includes at least one nar 
roWed lumen portion, for limiting blood ?oW. In an exem 
plary embodiment of the invention, the reducer is designed 
to not cause blood coagulation outside of the narroWed 
blood ?oW. The reduced diameter may, for example, reduce 
total blood ?oW through the implant or change the temporal 
pro?le of such ?oW and/or temporal pro?le of pressure in the 
vessel. 

[0013] In an exemplary embodiment of the invention, the 
reducer is designed not to damage vessel Walls, for example, 
artery Walls or vein Walls. In one example, the reducer edges 
are curled. Alternatively or additionally, the reducer edges 
are coated With a soft coating. Alternatively or additionally, 
the reducer edges extend parallel to the vessel. Alternatively 
or additionally, the elasticity of the reducer is loW, to prevent 
undue pressure on the Walls. 

[0014] In an exemplary embodiment of the invention, the 
blood vessel is a coronary vein or a coronary sinus. Option 
ally, the narroWing reduces the vessel cross-section by 30%, 
50%, 80%, 90% or any other loWer, larger or intermediate 
amount, or even completely occludes the vessel. It should be 
noted that the heart generally has additional drainage paths 
besides the coronary sinus, so that even complete occlusion 
of the coronary sinus Will not generally prevent blood from 
reaching the coronary capillaries. For example, the narroW 
ing may have an inner diameter of 1 mm, 2 mm, 3 mm or 
any larger, smaller or intermediate siZe. Optionally, the 
unexpanding reducer is betWeen 10 mm and 80 mm long. 
Optionally, the reducer is asymmetric, for example, adapted 
to ?t the normal shape of the coronary sinus. 
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[0015] In an exemplary embodiment of the invention, the 
reducer includes one or more narrowed sections and one or 

more un-narroWed sections. In an exemplary embodiment of 
the invention, narroWing sections are non-expandable, 
expand less or require a greater force to cause them to 
expand, as compared to un-narroWed sections. In an exem 
plary embodiment of the invention, the un-narroWed sec 
tions expand a considerable amount, for example a factor of 
2, 3, 4 or 5, or any greater, smaller or intermediate factor, in 
diameter, from their diameter during insertion. 

[0016] In an exemplary embodiment of the invention, the 
narroWed sections comprises a ring. Optionally, the ring 
de?nes a mesh to alloW some expansion thereof. Optionally, 
after a reducer is deployed, the ring may be further 
expanded, to reduce the degree of narroWing. 

[0017] In some embodiments of the invention, the vessel 
Walls collapse or are urged to collapsed onto the reducer. 
Alternatively, in some embodiments of the invention, a 
coagulation-encouraging material or threads are provided 
outside the narroWed portion (i.e., betWeen the portion and 
the vessel Wall) to encourage the formation of clots betWeen 
the reducer body and the vessel Wall. 

[0018] Optionally, the reducer is coated With a ?exible 
coating (inside and/or out) and/or de?nes a dense mesh 
pattern, that prevents or reduces blood ?oW through the 
reducer surface, for example, forcing at least 40%, 60%, 
80%, 90% or any smaller, greater or intermediate ?oW 
percentage to be through an axial lumen de?ned by said 
reducer. In an exemplary embodiment of the invention, the 
dense mesh ?lls at least 30%, 40%, 60%, 70%, 80% or any 
greater, smaller or intermediate percentage of a surface of 
the reducer. 

[0019] In an exemplary embodiment of the invention, the 
reducer comprises a rim, Which rim is constructed to be 
more dif?cult to expand (for plastic) or expand less (for 
self-expanding) than portions of the reducer just inside the 
rim. Thus, When the reducer is expanded, the rim does not 
?are out and an inWards curving or a parallel pro?le is 
achieved in the reducer. Optionally, the rim de?nes a maxi 
mal radius of the rim, to prevent over expansion of the rim 
of the reducer. 

[0020] In an exemplary embodiment of the invention, the 
reducer is a plastically deformed reducer, expanded using a 
balloon. In an exemplary embodiment of the invention, in 
order to prevent the balloon from catching in the narroWed 
section of the reducer, the balloon comprises a plurality of 
?ngers on its outside, so that the ?ngers can bend back and 
be pulled out through the narroWing. Alternatively or addi 
tionally, the ?ngers are asymmetric, so that When the balloon 
de?ates, the balloon Will tWist closed. 

[0021] An aspect of some embodiments of the invention 
relates to a method of installing a narroWing device. In an 
exemplary embodiment of the invention, the narroWing 
device is installed in a coronary sinus vein (hereafter “coro 
nary sinus”). Alternatively or additionally, the narroWing 
device is installed in one or more coronary veins, for 
example the great coronary vein. In an exemplary embodi 
ment of the invention, a delivery catheter is inserted through 
a central vein, such as the Jugular vein and brought to the 
coronary sinus. The reducer is released from the delivery 
catheter and alloWed to elastically expand and/or is plasti 

May 22, 2003 

cally expanded using a balloon. Optionally, a pressure 
sensor is provided on the delivery catheter for assessing the 
effect of the reducer on the venous pressure before the 
reducer and/or after the reducer. 

[0022] An aspect of some embodiments of the invention 
relates to a method of selecting a reducer. In an exemplary 
embodiment of the invention, functional information on the 
heart is used to assess need. An image, such as an echo 
cardiography image, a Doppler image or a CT image is used 
to measure the coronary sinus (or any other target vein). The 
siZe of the reducer and its degree of narroWing are then 
selected to match the geometry of the coronary sinus and/or 
the desired therapeutic effect. 

[0023] There is thus provided in accordance With an 
exemplary embodiment of the invention, a reducer for 
insertion in a blood vessel, comprising: 

[0024] at least one narroWed section having a ?rst 
diameter; and 

[0025] at least one ?ared section having a diameter at 
least 20% greater than said ?rst diameter, 

[0026] Wherein said reducer is formed of a material 
and has a geometry that does not cause coagulation 
of blood in its vicinity. Optionally, said reducer is 
operative to increase a coronary artery blood pres 
sure When inserted in a coronary vein. Optionally, 
said reducer is operative to modify a coronary artery 
blood ?oW distribution When inserted in a coronary 
vein. Optionally, said reducer is operative to increase 
a coronary sinus blood pressure When inserted in a 
coronary sinus. Optionally, said reducer is operative 
to increase an intra myocardial perfusion When 
inserted in a coronary sinus. 

[0027] In an exemplary embodiment of the invention, said 
?ared section includes at least one area adapted to contact a 
Wall of a vein. Optionally, said area is made large enough to 
prevent damage to the Wall. Optionally, said area has an 
axial extent of at least 2 mm. Optionally, said area has an 
axial extent of at least 4 mm. 

[0028] In an exemplary embodiment of the invention, said 
?ared section has an outside edge. Optionally, said outside 
edge lies on a single plane. Alternatively or additionally, said 
outside edge is de?ned by a plurality of elongate sections 
that cooperate to de?ne a maximal rim for said reducer. 
Alternatively or additionally, said outside edge is smooth. 
Alternatively or additionally, said outside edge is curved 
inWards toWards an axis of said reducer. Alternatively or 
additionally, said outside edge is coated With a soft material. 

[0029] In an exemplary embodiment of the invention, said 
reducer doesn’t cause turbulence inside a lumen de?ned by 
said narroWed section and said ?ared section. Alternatively 
or additionally, said narroWed section comprises a ring 
segment having a different surface design from ?ared sec 
tion. Alternatively or additionally, said narroWed section 
comprises a solid ring. 

[0030] In an exemplary embodiment of the invention, said 
narroWed section comprises an array of cell elements. 

[0031] In an exemplary embodiment of the invention, said 
reducer is expanded, after insertion, from an unexpanded 
con?guration to an expanded con?guration. Optionally, said 
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?ared section is plastically deformable to provide said 
con?guration change. Alternatively said ?ared section is 
self-expanding to provide said con?guration change. 

[0032] In an exemplary embodiment of the invention, said 
narroWed section self-expanding to provide said con?gura 
tion change. Alternatively, said narroWed section is plasti 
cally deformable to provide said con?guration change. 
Alternatively, said narroWed section does not expand. Alter 
natively, said narroWed section is further expandable after 
said reducer is in said expanded con?guration. 

[0033] In an exemplary embodiment of the invention, said 
reducer comprises a ring mounted outside of said narroWed 
section, said ring de?ning a maximal diameter of said 
narroWed section. 

[0034] In an exemplary embodiment of the invention, said 
narroWed section is formed of a pliable material. Alterna 
tively or additionally, said reducer is formed of at least one 
of an elastic material, a shape-memory material and a 
super-elastic material. 

[0035] In an exemplary embodiment of the invention, 
different parts of said reducer have different degrees of 
resistance to deforming. Optionally, said narroWed section 
has a greater resistance to deformation than said ?ared 
section. Alternatively, a rim area of said ?ared section has a 
greater resistance to deformation than an adjacent part of 
said ?ared section. 

[0036] In an exemplary embodiment of the invention, said 
narroWed section has an axial extent of betWeen 1 mm and 
5 mm. 

[0037] In an exemplary embodiment of the invention, said 
reducer has an axial extent of betWeen 10 mm and 30 mm. 

[0038] In an exemplary embodiment of the invention, said 
narroWed section has a cross-sectional area of less than 70% 
of a maximum cross-sectional area of said ?ared section. 
Optionally, said narroWed section has a cross-sectional area 
of less than 50% of a maximum cross-sectional area of said 
?ared section. Optionally, said narroWed section has a 
cross-sectional area of less than 40% of a maximum cross 
sectional area of said ?ared section. Optionally, said nar 
roWed section has a cross-sectional area of less than 30% of 
a maximum cross-sectional area of said ?ared section. 
Optionally, said narroWed section has a cross-sectional area 
of less than 20% of a maximum cross-sectional area of said 
?ared section. 

[0039] In an exemplary embodiment of the invention, said 
?ared section has an axial extent of betWeen 4 mm and 10 
mm. 

[0040] In an exemplary embodiment of the invention, said 
reducer is adapted for insertion in a human coronary sinus. 
Alternatively or additionally, said reducer is adapted for 
insertion in a human coronary vein. Optionally, said adap 
tation is by siZe. 

[0041] In an exemplary embodiment of the invention, said 
at least one ?ared section comprises at least tWo ?ared 
sections. 

[0042] In an exemplary embodiment of the invention, said 
reducer describes an hourglass ?gure. 
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[0043] In an exemplary embodiment of the invention, said 
?ared section is dense, to reduce blood ?oW therethrough. 
Alternatively or additionally, said ?ared section is coated, to 
reduce blood ?oW therethrough. 

[0044] In an exemplary embodiment of the invention, said 
reducer is formed of a soft material, to reduce contact force 
against an enclosing vessel Wall. 

[0045] In an exemplary embodiment of the invention, said 
reducer is operative to release a sloW release molecule after 
it is deployed. 

[0046] In an exemplary embodiment of the invention, said 
reducer has an outside surface adapted to attach to a Wall of 
a vein. 

[0047] In an exemplary embodiment of the invention, said 
narroWed section comprises a valve. 

[0048] There is also provided in accordance With an 
exemplary embodiment of the invention, a reducer for 
insertion in a blood vessel having a diameter, comprising: 

[0049] at least one narroWed section having a ?rst 
diameter; and 

[0050] at least one ?ared section having a diameter at 
least 20% greater than said ?rst diameter, 

[0051] Wherein said reducer is adapted to be plasti 
cally deformed from a ?rst con?guration in Which 
said reducer is unexpanded to a second con?guration 
in Which said reducer is expanded. Optionally, said 
narroWing section has a length of at least 10% of a 
total axial length of said reducer. Optionally, said 
narroWing section has a length of at least 20% of a 
total axial length of said reducer. 

[0052] There is also provided in accordance With an 
exemplary embodiment of the invention, a reducer for 
insertion in a blood vessel having a diameter, comprising: 

[0053] at least one narroWed section having a ?rst 
diameter; and 

[0054] at least one ?ared section having a diameter 
greater than said ?rst diameter, 

[0055] Wherein said reducer is adapted to contact a 
vein at said ?ared section. Optionally, said adapta 
tion comprises forming said ?ared section to reduce 
a probability of damage to said vein. Alternatively or 
additionally, said adaptation comprises forming said 
reducer of a soft material to reduce a contact force 
betWeen said reducer and said vein. 

[0056] In an exemplary embodiment of the invention, said 
reducer is adapted to cause coagulation in an area de?ned 
betWeen said reducer and a Wall of said vein. 

[0057] There is also provided in accordance With an 
exemplary embodiment of the invention, a reducer for 
insertion in a blood vessel having a diameter, comprising: 

[0058] at least one narroWed section having a ?rst 
diameter; and 

[0059] at least one ?ared section having a diameter at 
least 20% greater than said ?rst diameter, 

[0060] Wherein said ?ared section is resistant to 
blood ?oW across a Wall of said section, such that at 
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least 50% of blood ?oW through the reducer passes 
through a lumen de?ned by said ?ared section and 
said narroWed section. Optionally, at least 80% of 
blood ?oW through the reducer passes through a 
lumen de?ned by said ?ared section and said nar 
roWed section. Optionally, at least 90% of blood ?oW 
through the reducer passes through a lumen de?ned 
by said ?ared section and said narroWed section. 

[0061] There is also provided in accordance With an 
exemplary embodiment of the invention, a reducer for 
insertion in a blood vessel having a diameter, comprising: 

[0062] at least one narroWed section having a ?rst 
diameter; and 

[0063] at least one ?ared section having a diameter 
substantially greater than said ?rst diameter, 

[0064] Wherein said ?ared section and said narroWed 
section cooperate to substantially reduce blood ?oW 
through a lumen de?ned by said sections, relative to 
?oW through a cylinder having a maximal diameter 
of the ?ared section. 

[0065] There is also provided in accordance With an 
exemplary embodiment of the invention, a blood vessel 
reducer delivery kit, comprising: 

[0066] 
[0067] a plastically deformable reducer having an 

hour-glass ?gure When deformed and adapted to ride 
on said catheter; and 

[0068] a balloon having an in?ation pro?le matching 
said hour-glass ?gure. 

a guide catheter; 

[0069] There is also provided in accordance With an 
exemplary embodiment of the invention, a method of 
reducer selection, comprising: 

[0070] determining a desired hemodynamic effect in 
a coronary vascular system; and 

[0071] selecting a reducer having a suitable geometry 
to achieve said desired hemodynamic effect, from a 
set of reducers of different geometries. Optionally, 
said desired effect is at least one of: increase in 
myocardial perfusion pressure, increase in myocar 
dial pressure, increase in myocardial perfusion dura 
tion, increase in coronary artery pressure, redistribu 
tion of blood ?oW in coronary arteries, increase in 
pressure in a coronary sinus and/or a restarting of a 
coronary artery autoregulation mechanism. 

[0072] There is also provided in accordance With an 
exemplary embodiment of the invention, a method of affect 
ing hemodynamic parameters of a coronary system, com 
prising: 

[0073] selecting a reducer for reducing a diameter of 
a coronary vein; and 

[0074] implanting said reducer in said coronary vein. 
Optionally, said coronary vein is a coronary sinus. 

[0075] There is also provided in accordance With an 
exemplary embodiment of the invention, a kit for reducing 
blood ?oW in a venous system, comprising: a plurality of 
vascular implants, each de?ning a narroWed section, said 
plurality of implants including at least tWo implants With 
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different geometrical properties. Optionally, said tWo 
implants have different degrees of narroWing. Alternatively 
or additionally, said tWo implants have different outer diam 
eters, for matching different coronary veins. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0076] Non-limiting, embodiments of the invention Will 
be described With reference to the folloWing description of 
exemplary embodiments, in conjunction With the ?gures. 
The ?gures are generally not shoWn to scale and any 
measurements are only meant to be exemplary and not 
necessarily limiting. In the ?gures, identical structures, 
elements or parts Which appear in more than one ?gure are 
preferably labeled With a same or similar number in all the 
?gures in Which they appear, in Which: 

[0077] FIG. 1 is a schematic shoWing of a reducer 
installed in a coronary sinus vein, in accordance With an 
exemplary embodiment of the invention; 

[0078] FIG. 2 is a schematic side vieW of a reducer, in 
accordance With an exemplary embodiment of the invention; 

[0079] FIGS. 3A and 3B illustrate a plan layout of a 
reducer, in accordance With an exemplary embodiment of 
the invention; 

[0080] FIG. 3C shoWs illustrates the reducer of FIG. 3A 
in an unexpanded con?guration and mounted on a delivery 
system, in accordance With an exemplary embodiment of the 
invention; 

[0081] FIG. 3D illustrates a coil-based reducer, in accor 
dance With an exemplary embodiment of the invention; 

[0082] FIGS. 4A and 4B shoW a plan layout of a reducer 
having a smooth rim When expanded, in accordance With an 
exemplary embodiment of the invention; 

[0083] FIG. 4C shoWs a reducer With a smooth rim in an 
expanded con?guration, in accordance With an exemplary 
embodiment of the invention; 

[0084] FIG. 5 shoWs a vascular path to a coronary sinus, 
in accordance With an exemplary embodiment of the inven 
tion; 

[0085] FIG. 6A shoWs a plastically deforming reducer 
delivery system, in accordance With an exemplary embodi 
ment of the invention; 

[0086] FIG. 6B shoWs a delivery system for delivering a 
self-expanding reducer, in accordance With an exemplary 
embodiment of the invention; 

[0087] FIG. 6C shoWs a balloon design, in accordance 
With an exemplary embodiment of the invention; 

[0088] FIG. 7 is a ?oWchart of a method of reducer 
delivery, in accordance With an exemplary embodiment of 
the invention; 

[0089] FIG. 8 shoWs a portion of a plan layout of a section 
of a reducer With selective narroWing control, in accordance 
With an exemplary embodiment of the invention; and 

[0090] FIGS. 9A-9F illustrate various reducer variations, 
in accordance With exemplary embodiments of the inven 
tion. 
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DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0091] FIG. 1 is a schematic showing of a reducer 100 
installed in a coronary sinus vein 102, in accordance With an 
exemplary embodiment of the invention. Coronary sinus 
102 drains a plurality of cardiac veins 106 into a right atrium 
104. The cardiac circulation is generally hierarchical and 
comprises of stages of reducing (or increasing) diameter. 
Thus, veins 106, in turn, drain a plurality of thin venoules 
108, Which, after a feW stages, drain a plurality of capillaries 
110. Capillary 110 are fed by a plurality of arterioles 112, 
Which, after a feW stages, are fed by a plurality of coronary 
arteries 114 and 120. A stenosis 116 is shoWn in a coronary 
artery 114. While the cardiac circulation is generally hier 
archical, some connection exists betWeen different branches. 
Occasionally, the existence of stenosis 116 Will cause a 
collateral connection 118 to spontaneously form (or Widen 
an existing connection) betWeen coronaries 114 and 120, 
bypassing stenosis 116. 

[0092] In some cases, hoWever, this spontaneous forma 
tion does not occur. In an exemplary embodiment of the 
invention, a reducer 100 is placed in coronary sinus 102 and 
has a narroWing signi?cant enough to encourage the forma 
tion of collateral connection 118. It is hypothesiZed that 
collateral connection 118 is caused by an increase in venous 
blood pressure, Which, in turn, increases the pressure in the 
capillaries and/or causes retro-?oW in the capillaries and/or 
causes drainage of the capillaries directly into the heart. 
HoWever, even if this hypothesis is incorrect, several stud 
ies, that included numerous experiments and actual proce 
dures have shoWn that constriction of coronary sinus 102 
Will generally cause the formation of collateral circulation 
and/or otherWise improve the condition of patients With 
blocked coronary arteries. Alternative or additional hypoth 
eses Which are optionally used to select the constrictive 
effect of reducer 100 include: 

[0093] (a) Reducer 100 increases the pressure in the 
coronary capillaries, thus increasing perfusion dura 
tion. 

[0094] (b) An increase in resistance of the venous 
system causes redistribution of blood How in coro 
nary arteries. 

[0095] (c) An increase in resistance of venous system 
increases intra-myocardial perfusion pressure and/or 
intra-myocardial pressure. 

[0096] (d) Increasing the arterial diastolic pressure 
(by restricting venous drainage) causes the arterial 
auto-regulation to start Working again, for example, 
such an auto regulation as described in BraunWald 
“Heart Disease: A textbook of Cardiovascular Medi 
cine”, 5th Edition, 1997, W.B. Saunders Company, 
Chapter 36, pages 11168-1169. 

[0097] It should be noted that the selection of reducer 100 
may be made to achieve one or more of the above suggested 
effects, optionally to a desired degree and/or taking into 
account safety issues, such as alloWing some drainage and 
maximum pressure alloWed by the coronary venous drainage 
system. These effects may be determined using various 
measurements, as described beloW With reference to FIG. 7. 

[0098] FIG. 2 is a schematic side vieW of reducer 100, in 
accordance With an exemplary embodiment of the invention. 
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Reducer 100 comprises a narroWed section 204 and at least 
one funnel shaped section 200 (and 202) leading into 
narroWed section 204. Section 200 (and 202) includes por 
tions 210 and 206 that are inclined relative to the Wall of 
coronary sinus 102 and portions 212 and 208 that are parallel 
to the Wall. 

[0099] In the exemplary embodiment and measurements 
shoWn, reducer 100 is expandable and shortens someWhat 
during expansion: having a length of 20 mm before expan 
sion and about 18.8 mm after expansion. Optionally, a 
non-shortening design is used, for example a mesh as in 
peristaltic stents, such as described in US. Pat. No. 5,662, 
713, the disclosure of Which is incorporated herein by 
reference. An exemplary material thickness is 0.15 mm, 
hoWever, thinner or thicker materials may be used. Other 
exemplary lengths are 5 mm, 12 mm, 24 mm, 35 mm 45 mm 
and any smaller, intermediate or larger siZe. The length is 
optionally selected to match a physiological siZe of the target 
vein (e.g., length and curves) and/or to ensure good contact 
With vein Walls. The length of narroWing 204 may be, for 
example, 0.5 mm, 1 mm, 2 mm, 3 mm, 5 mm or any smaller, 
intermediate or larger length, for example selected to 
achieve desired ?oW dynamics. An exemplary inner diam 
eter of the ?ared out sections is betWeen 2 mm and 30 mm, 
for example, 5 mm, 10 mm, 15 mm, 20 mm or any larger, 
smaller or intermediate diameter, for example selected to 
match the vein diameter. The inner diameter of the narroW 
ing may be, for example, 1 mm, 2 mm, 3 mm, 5 mm, 10 mm 
or any smaller, larger or intermediate diameter, for example 
selected to achieve desired ?oW dynamics and/or a pressure 
differential across the reducer. 

[0100] In an exemplary embodiment of the invention, the 
ratio betWeen the cross-section of narroWing 204 and the 
ends of reducer 100 is 0.9, 0.8, 0.6, 0.4, 0.2 or any larger, 
smaller or intermediate ratio, for example selected to 
achieve desired ?oW dynamics and/or a pressure differential 
across the reducer. 

[0101] While a circular cross-section is shoWn, other 
cross-sections may be used, for example, polygonal and 
ellipsoid. A potential advantage of non-circular cross-sec 
tions is that the device is less likely to migrate axially. 
Alternatively or additionally, the outside of the reducer is 
roughened and/or otherWise adapted to adhere to the vein 
Wall. The cross-section shape and/or orientation optionally 
changes along the length of reducer 100. 

[0102] FIGS. 3A and 3B illustrate a plan layout of reducer 
100, in accordance With an exemplary embodiment of the 
invention. FIG. 3B shoWs a detail of the plan layout. In this 
plan layout, the ends of sections 200 and 202 are caused to 
be parallel to the vessel Wall When reducer 100 is expanded. 

[0103] In an exemplary embodiment of the invention, the 
outside rim of reducer 100 is de?ned by sections 340, 342 
and 344, shoWn in FIG. 3B. Optionally, the total length of 
these sections de?nes the maximum rim length. Alterna 
tively or additionally, the bending areas in and betWeen these 
sections de?ne the relative force required to expand the rim 
region relative to the area near the rim. If the rim region is 
more difficult to expand and/or is expanded less than the 
adjacent regions, the expansion of reducer 100 Will tend to 
cause the rim to bend in, or at least not ?are out. Alterna 
tively, in a self-expanding reducer, the existence of sections 
340, 342 and 344 can be used to endure the ?nal shape of the 
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rim. Optionally, additional sections 346 are provided around 
the circumference of reducer 100, Which de?ne outer cells in 
reducer 100, Which outer cells may have a maximum expan 
sion that is the same or smaller than that nearby (axially 
inWards) cells. This design can also be used to control the 
shape of the rim. 

[0104] In an exemplary embodiment of the invention, a 
reducer is characteriZed by this maximum diameter, Which 
may be used, for example, for selecting a particular reducer 
to match a patient. Optionally, during expansion, the balloon 
is aligned With reducer 100 so that it only contacts the rim 
region or only contacts the non-rim regions of reducer 100. 

[0105] FIG. 3C shoWs reducer 100 in an unexpanded 
con?guration and mounted on a delivery system 302 (e.g., a 
balloon catheter). 

[0106] In an exemplary embodiment of the invention, 
reducer 100 is formed by cutting out of a sheet of metal or 
a tube, for example, using laser, Water cutting, chemical 
erosion or metal stamping (e.g., With the result being Welded 
to form a tube). Alternatively, reducer 100 is Woven (eg of 
metal or plastic ?ber), for example, using methods as Well 
knoWn in the art. Optionally, narroWing section 204 is made 
using a different method from ?aring sections 200 and 202, 
for example, the ?aring sections being Woven and the 
narroWing section being cut from sheet metal. In an alter 
native embodiment of the invention, reducer 100 includes 
With a constraining ring that prevents the expansion of 
narroWing section 204. Optionally, the restraining ring is 
plastically expandable, possibly under a higher pressure than 
the rest of reducer 100, Which may be plastically deformable 
or self-expanding. Alternatively or additionally, the restrain 
ing ring is selected to set the desired degree of narroWing, 
and then mounted on a reducer, a stent or a stent graft, for 
implantation. In a sleeve reducer (FIG. 9F, beloW), a similar 
effect may be achieved by suturing the stent graft. 

[0107] In an alternative embodiment, reducer 100 is cut 
out of a sheet and then spirally tWisted around a mandrel to 
form the shape of reducer 100. Alternatively, reducer 100 is 
cut out of a tube, With the ?ared parts being spiral cuts and 
the narroWing part being a ring cut. Alternatively, reducer 
100 is formed as a coil spring, With axially varying relax 
ation positions. FIG. 3D illustrates a coil-based reducer 320, 
in accordance With an exemplary embodiment of the inven 
tion. 

[0108] In an exemplary embodiment of the invention, 
once reducer 100 is formed, it is mounted in a jig having the 
desired ?nal expanded shape and heated to train that shape 
(e.g., for a super-elastic reducer). 

[0109] In an exemplary embodiment of the invention, 
reducer 100 is adapted for use in a coronary sinus or other 
coronary vein. Veins are typi?ed by having a loW degree of 
elasticity and being relatively sensitive to tears (as compared 
to arteries). In one example, the edges of reducer 100 are 
curved inWards or curled, for example as shoWn by reference 
130 in FIG. 1. Alternatively or additionally, the edges are 
folded back and/or smoothed to remove sharp edges. Alter 
natively, the parallel sections 208 and 212 (FIG. 2) are made 
long enough to support reducer 100 Without harming coro 
nary sinus 102. Alternatively or additionally, reducer 100 or 
at least larger diameter portions thereof, is made soft enough 
and/or With a loW spring constant, to prevent the reducer 
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from applying too much pressure on the coronary reducer 
Wall. Alternatively or additionally, the ends of reducer 100 
are coated With a ?exible coating, for example, a soft 
silicone elastomer or another soft plastic or rubber material 
such as Latex, Te?on and/or Polyurethane. 

[0110] Alternatively or additionally, reducer 100 has a 
smooth rim at each end. FIGS. 4A and 4B shoW a plan 
layout of a reducer 400 having a smooth rim 402 (When 
expanded). 
[0111] In FIG. 413, outer rim 402 is de?ned by sections 
440 and 446. As shoWn, these sections are designed to 
provide a relative smooth rim, possibly With small amounts 
of distortion (so rim 402 remains smooth) Where the sections 
connect to sections 442 and 444. Together, sections 442, 444 
and 446 de?ne outer cells for rim 402. 

[0112] FIG. 4C shoWs an alternative design for reducer 
400, in an expanded con?guration, illustrating smooth rims 
402. 

[0113] Referring back to FIG. 1, a region 132 is de?ned 
betWeen reducer 100 and the Wall of coronary sinus 102. In 
an exemplary embodiment of the invention, it is desired that 
little or no blood bypass narroWing 204 through region 132. 
In some types of reducer 100, this is achieved by sections 
200 and 202 being dense enough to sloW doWn blood ?oW 
considerably or being practically blood-proof, for example, 
in a coil-type reducer. Alternatively or additionally, an 
elastic coating is provided on the inside or outside of reducer 
100, for example, latex, to cover and prevent ?oW through 
openings in the reducer body. In an exemplary embodiment 
of the invention, the coating is a separate, ?exible layer, that 
is attached to the reducer at several points (e.g., at the center 
and at either end, such as to prevent tearing of the layer by 
the expanding reducer) and is performed to the shape of the 
expanded reducer, prior to expansion, this coating layer is 
folded and/or pleated. Alternatively or additionally, one 
reducer is implanted inside another reducer, With misaligned 
mesh patterns, so that the solid parts of one reducer block 
apertures de?ned by the other reducer. 

[0114] Alternatively or additionally, the Walls of coronary 
sinus 102 collapse onto reducer 100, blocking any apertures 
in the body of reducer 100 and preventing ?oW bypassing 
narroWing section 204. Optionally, reducer 100 is con 
structed to encourage such collapsing, for example, by the 
pattern of apertures in funnel section 200 being different 
from those in funnel section 202, or by the external diameter 
of reducer 100 being slightly greater than that of coronary 
sinus 102. It should be noted that since veins are typically 
soft and are surrounded by tissue, veins typically collapse 
When their inner pressure is reduced. 

[0115] Optionally, the outer surface of reducer 100 
includes means for attaching the reducer to the collapsed 
Walls, for example, small barbs, an adhesive and/or a ?bro 
sis-formation encouraging material. Optionally, during 
implantation of reducer 100, ?oW of blood from the coro 
nary veins to the reducer is blocked for a short period of time 
and/or blood in reducer 100 is sucked out, to encourage the 
coronary sinus Walls to collapse onto reducer 100 and 
attached to reducer 100. Optionally, a reducer used for such 
a procedure can have very short ?aring parts, possible With 
an outer diameter smaller than that of the coronary sinus. 

[0116] In some embodiments of the invention, a coagula 
tion enhancing material or geometry (e.g., thrombogenic 
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threads) are provided in area 132, for example, being 
attached to reducer 100. Thus, region 132 Will ?ll With 
coagulated blood and prevent further blood ?oW there 
through. In an exemplary embodiment of the invention, 
hoWever, the reducer is made as un-thrombogenic as pos 
sible (e.g., suitable coatings and geometry, as knoWn in the 
art), to prevent propagation of clots into the heart. Coagu 
lation enhancing is optionally provided if the reducer is 
relatively impervious to blood ?oW through its Walls, so that 
clots are not expected to propagate. 

[0117] In an exemplary embodiment of the invention, 
reducer 100 is formed of metal, for example, a NiTi alloy 
(e.g., Nitinol) or stainless steel (e.g., 316L and 316LS). 
Alternatively, reducer 100 is formed of—or coated With— 
other bio-compatible materials, such as Nylon and other 
plastics. Optionally, reducer 100 is bio-absorbable. A 
reducer made of plastic can be, for example, cast or injection 
molded. Depending on the type of material and the process 
ing applied, reducer 100 may be plastically deformable to 
the geometry shoWn in FIG. 1. Alternatively, reducer 100 
may relax to that geometry, for example, using an elastic, 
shape-memory or super-elastic relaxation process. 

[0118] Optionally, reducer 100 is formed of tWo or more 
materials, for example, narroWing section 204 being a ring 
formed of plastic and the ?ared sections being formed of 
metal. 

[0119] FIG. 5 shoWs a vascular path to coronary sinus 
102, in accordance With an exemplary embodiment of the 
invention. Desirably, reducer 100 is implanted using a 
trans-vascular approach, for example, from the venous sys 
tem or by crossing through an intra-chamber Wall in the 
heart. In an exemplary embodiment of the invention, the 
delivery system is inserted through a jugular vein 510 or a 
subclavian vein 512 to a right atrium 506 of a heart 500 via 
a superior vena cava 508 and/or a femoral vein 502, via an 
inferior vena cava 504. Once in right atrium 506, the 
delivery system is guided (e.g., through a sharp bend) to an 
opening 514 into coronary sinus 102. In some patients, a 
valve exists at the entrance to coronary sinus 102. 

[0120] As noted above, reducer 100 can be, for example, 
actively deformed to the implanted con?guration or alloWed 
to relax to the con?guration. FIG. 6A shoWs a plastically 
deforming reducer delivery system 600, in accordance With 
an exemplary embodiment of the invention. System 600 can 
be a standard delivery system designed for deploying a stent 
over a balloon. Possibly, hoWever, specialiZed guide sheaths, 
adapted to the particular path in the right atrium, Will be 
provided. In an exemplary embodiment of the invention, 
narroWing section 204 of reducer 100 is non-expandable or 
is less easily expandable, so that the balloon Will not 
completely in?ate under narroWing section 204. Alterna 
tively, a non-standard balloon is used, for example, a double 
balloon, comprising a ?rst balloon section 602 and a second 
balloon section 604, each adapted to expand one funnel 
section of reducer 100. Optionally, a single balloon or tWo 
balloons are used for this balloon design. Alternatively, in an 
exemplary embodiment of the invention, a single balloon, 
that is moved axially from one part of the reducer to another, 
is used. Alternatively or additionally, after a tWo-section 
balloon is used it is replaced With a single section balloon, 
for example, for selectively expanding a ?ared end or a 
narroWing of reducer 100. 
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[0121] FIG. 6B shoWs a delivery system 620 for deliver 
ing a self-expanding reducer, in accordance With an exem 
plary embodiment of the invention. System 620 can be a 
system generally like that used for standard self-expanding 
reducers, for example, including an outer sheath 622 and an 
inner mandrel 624 on Which reducer 100 is mounted. In an 
exemplary embodiment of the invention, When reducer 100 
expands, its inner diameter is greater than the outer diameter 
of mandrel 624, alloWing mandrel 624 to be retracted. In an 
exemplary embodiment of the invention, mandrel 624 com 
prises tWo optional end pieces 626 that de?ne betWeen them 
a depression, in Which reducer 100 is held. End pieces 626 
prevent axial migration of reducer 100. 

[0122] Optionally, the delivery system includes a pressure 
transducer at its end, for example, for measuring base-line 
pressure in the coronary sinus. Alternatively or additionally, 
the delivery system includes a contrast injection channel, for 
example, for assisting in imaging the coronary sinus before, 
during and/or after deployment of reducer 100. 

[0123] FIG. 7 is a ?oWchart 700 of a method of reducer 
delivery, in accordance With an exemplary embodiment of 
the invention. It should be appreciated that the procedure of 
FIG. 7 is an exemplary procedure and other procedures may 
be applied as Well. In particular, the process of FIG. 7 
assumes, for clarity, the use of a particular sheath-based 
delivery system, the use of Which is not an essential feature 
of the invention. 

[0124] In an exemplary embodiment of the invention, the 
coronary sinus treatment is combined With an arterial treat 

ment, such as PCTA, stenosis removal (e.g., laser ablation) 
and/or stenting. The arterial treatment may be applied, for 
example, before, during or after the venous treatment, pos 
sibly during a same use of the catheteriZation facilities. 

[0125] At 702, various pre-implantation tests and proce 
dures are optionally applied to a patient to be catheteriZed, 
for example, a feW Weeks, a feW days or a feW hours before 
the catheteriZation. Such procedures can include, for 
example, one or more of, tests typically applied prior to 
catheteriZation and/or reducer delivery, various cardiac 
function measurements, determination that the patient suf 
fers from ischemic heart disease, determination of angina 
class, performing electrocardiographgy, full blood Work, 
functional and/or perfusion mapping (e.g., using nuclear 
medicine imaging techniques such as PET, Thallium or 
Technetium), to determine pre-procedure perfusion state, 
echo-cardiography, echo-dobutamin, estimation of micro 
cardiological perfusion, Millar catheteriZation and physi 
ological measurements, such as cardiac output, pulse pres 
sure, left ventricular end-diastolic pressure and stroke 
volume, left arterial pressure, SVO2% in the right atrium 
and/or coronary sinus, intra-myocardial pressure and/or 
stress testing, such as tread-mill exercise testing. Optionally 
an imaging technique (e.g., ultrasound, MRI, angiography, 
or CT) is used to determine the siZe and/or shape of the 
coronary sinus and/or other coronary veins. 

[0126] Just prior to the catheteriZation, the patient is 
optionally attached to various monitoring equipment, for 
example, one or more of ECG (especially to detect and/or 
monitor one or more of heart rate, ischemic changes, rate 
disturbances and/or ST segment changes), an arterial line for 
measuring blood pressure, a pulse oxyrneter, a body ther 
mometer and/or apparatus for tracking blood gases. 
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[0127] In an optional step 704, a determination is made of 
desirable properties of reducer 100 and a reducer and/or an 
expansion protocol is selected to reach these properties. 
Alternatively, step 704 is performed after catheteriZation 
(712). In an exemplary embodiment of the invention, the 
selection of the reducer depends on one or more of: 

[0128] (a) coronary sinus length and diameter (e.g., 
to obtain a matching reducer geometry); 

[0129] (b) coronary sinus change in diameter near the 
right atrium (e.g., to obtain a matching reducer 
geometry); 

[0130] (c) desired increase in coronary sinus pressure 
before reducer, optionally including a maximum 
alloWed pressure, for example, 50 mmHg at Which 
coronary sinus is expected to be damaged and/or fail 
(e.g., to decide What narroWing to select); 

[0131] (d) desired narroWing (e.g., to decide What 
narroWing to select); 

[0132] (e) desired later further narroWing (e.g., to 
decide on reducer type); 

[0133] resistance of coronary sinus Wall (e.g., hoW 
elastic or stiff should reducer be and/or What in?ation 
pressure to use); 

[0134] (g) desired redistribution of coronary blood 
flow; 

[0135] (h) desired retro-?oW of blood in coronary 
arteries; and/or 

[0136] desired reduction in back?oW during right 
atrium contraction. 

[0137] In an exemplary embodiment of the invention, the 
venous location of the reducer is selected to match various 
cardiac conditions, such as arterial blockage, alternatively or 
additionally to selecting the reducing diameter for each such 
reducer. In an exemplary embodiment of the invention, a 
reducer is implanted in a coronary vein corresponding to a 
blocked coronary artery. Alternatively or additionally, the 
locations of implantation are selected to achieve a desired 
redistribution of coronary artery pressures and/or blood 
?oW, for example, to increase perfusion of ischemic or 
hibernating portions of the heart. 

[0138] In an exemplary embodiment of the invention, a 
database is maintained, Which provides a correlation 
betWeen one or more disease state parameters, the degree of 
narroWing and/or other reducer parameters, various expan 
sion protocols and/or the expected side effects and/or ben 
e?cial effects of the reducer. This database is optionally used 
to assist in selecting Which reducer to use. 

[0139] At 706, the insertion site is disinfected, for 
example, near a Jugular vein or a Femoral vein. Depending 
on the diameter of the delivery system, a smaller vein may 
be used, possibly alloWing the procedure to be less invasive. 
At 708, a local anesthetic is optionally applied. At 710, a port 
is inserted in to the vein. Various tests, for example as 
described above may be performed, for example, one or 
more of Atrium and chamber pressures, LVEDP, functional 
tests such as echo-dobutamin and/or perfusion tests. Option 
ally, Heparin is provided and an ACT (Activated Clotting 
time) test is performed. 
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[0140] At 712, a guide catheter is inserted into the coro 
nary sinus. In some delivery methods, no separate guide 
catheter is needed. Before inserting the reducer, various 
measurements may be performed, for example, a base-line 
coronary sinus pressure (e.g., using a pressure transducer at 
the end of the catheter), an angiographic mapping of the 
coronary sinus, for example to assist in determining What 
siZe reducer to use and/or a test obstruction of the coronary 
sinus, for example to assist in determining a desired nar 
roWing dimension of the reducer that Will achieve a desired 
pressure increase and/or to detect possible side effects in the 
patient of such a pressure increase. 

[0141] At 714, a guide sheath is inserted over the catheter 
to the coronary sinus. HoWever, alternative insertion meth 
ods can be used, for example, guiding reducer 100 over a 
guide Wire or along a monorail guide Wire. The reducer may 
be provided With the sheath or it may be inserted through the 
sheath after the sheath is in place. The reducer may be 
guided to the coronary sinus. Alternatively or additionally, a 
suitably siZed reducer may be inserted in one or more 
coronary veins. 

[0142] At 716, the reducer is deployed. In an exemplary 
embodiment of the invention, deployment comprises deliv 
ering the reducer and expanding the reducer (e.g., self 
expanding or balloon-expanded). 

[0143] At 718, various measurements are optionally per 
formed, for example, coronary sinus pressures and cardiac 
functions (e.g., as noted above). Optionally, as described 
beloW, the narrowing diameter is changed in response to 
results of the measuring. Optionally, an image is acquired to 
ensure the reducer is positioned correctly. Optionally, a 
measurement of the coronary sinus pressure is made to 
ensure that the resulting increase in pressure (e.g., by 20 
mmHg or 30 mmHg) does not go beyond the holding 
capacity of the vein or some other safety number (e.g., 50 
mmHg). If the pressure exceeds the holding capacity, the 
narroWing may be enlarged, to reduce the pressure differ 
ential. It should be noted that such measurements may be 
performed before, during and/or after a corresponding arte 
rial treatment that may be performed concurrently With the 
venous treatment. 

[0144] At 720, the delivery system is retracted. Optionally, 
various measurements (e. g., cardiac function) are performed 
a short-time after deployment, for example, after half an 
hour. 

[0145] It is expected that one or more of the folloWing 
effects is detected (at once and possibly to a greater extent 
after some delay): retrograde increase in coronary sinus 
pressure, With a possible associated retrograde ?oW, 
improvement of perfusion in some ischemic areas, reduction 
in venous O2 saturation (e.g., greater extraction of Oxygen 
by the cardiac muscle) and/or increase of intra-myocardial 
pressure, as an indication of possible redistribution of blood 
supply in the heart. Alternatively or additionally, functional 
improvements may be vieWed, for example, an improvement 
in segmental contraction, Which can be seen using ECHO 
methods. 

[0146] At 722, an optional short term folloW-up, for 
example after a feW hours, days or Weeks is performed. At 
724, an optional long term folloW-up, for example, after a 
feW months or years is performed. In an exemplary embodi 












