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second coupling element

connected with a second extension and 1ntersecting at least

-

one a portion of the second extension with the first space.
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LUMBAR-SACRAL SCREW INSERTION AND MANIPULATION

BACKGROUND OF THE INVENTION

[0001] The present 1nvention relates to devices and methods

for minimally 1nvasive pedicle screw placement, and more

particularly to devices and methods that facilitate the fusion

of vertebrae 1n the spine, for example the lumbar-sacral

region of the spine during minimally 1nvasive procedures.

[0002] In minimally invasive surglcal procedures, which are

becoming more and more prevalent, smaller 1ncilsions or portals

are used to access the locations 1n the patient's body, which

causes less trauma to the adjacent tissue, reduces recovery

time and paln and may be performed in some cases under only

focal anesthesia. The avoldance of general anesthesia reduces
post-operative recovery time and the risk of complications.

[0003] Minimally invasive surgical procedures are

especially desirable for splne surgerlies because spine

o=

pathologies are generally located 1in a part of the body

without c¢lear muscle planes and there exis8ts a danger of

damaging the adjacent neural and vascular tissues. For

1nstance, 1in certain traditional spinal fixation procedures,

the spinal muscles are stripped from the bony elements of the

spine followed by laminectomy to expose the dura, the nerve
roots, and the discs. The 1incision required to perform such a

surgery has to be wide enough and the tissues have to be

retracted to maintain a channel from the skin to the floor of

the spinal c¢anal that will allow direct visualization. Other

non-minimally 1invasive fuslion procedures may reguire more

lateral tissue dissection and exposure to access the

#

transverse processes and pedicles for placement of pedicle

screws, rod constructs for stability, and bone grafts under

direct vision.

[0004] o address these 1ssues, minimally invasive spinal

procedures have been developed, including in the placement of

-1 -
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pedlicle screws. One minimally invasive pedicle screw system 1is

the MANTIS® system ("the Mantis System") offered by Stryker

g

Spine of Allendale, New Jersey (see U.S. Patent No.

3,002,798). In that system, elongate blades are mechanically

coupled to either side of the coupling element of each pedicle

screw. Each such construct 1s implanted within the pedicle of
a vertebra through a portal or small incision, rather than a

larger more invasive incision. A rod 1is then percutaneously

guided 1into the coupling elements of the implanted pedicle

screws with help from the attached blades, again without the

need for a larger more invasive incision. This system

necessarilly avoilds the shortcomings of more invasive pedicle

screw placement systems by reducing the area required to be

I}

incised and exposed. Stryker Spine also offers another

minimally invasive pedicle screw system under the name ES26

system ("the ESZ System"), which differs from the Mantis

System, 1inter alia, 1n the manner in which 1ts blades are

connected to 1ts coupling elements (see U.S. Patent No.

ﬁ

3,002,798, the entirety of which has been incorporated by

reference herein). In the ESZ System, blades are integrally

i 1}

formed with coupling elements and are broken off after proper

rod placement. Yet another percutaneous system is disclosed in

U.5. Patent No. 7,250,052 ("the '052 Patent. There, detachable

mempers or sleeves that 1include channels are disclosed as

Pbeing wuseful in guiding a rod into two or more coupling

elements. These systems (as well as others) all commonly

utilize extensions of some sort that extend from the pedicle

screws to aid 1n the percutaneous placement or minimally

—

1nvasive introduction of a spinal rod into coupling elements.
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[0005] A problem that occurs 1n such minimally 1nvasive

procedures for the spine often results from the natural

curvature of the spine, for 1instance, 1n the lumbar-sacral

reglon, which causes the instruments (e.g., the aforementioned

extensions) used for such procedures to obstruct one another.

ﬁﬁ

This problem may also exist Dbecause of or Dbe further

exacerbated 1n situations where a patient exhibits lordotic

F

deformities or because of the surgical technique (e.g., the

—

surgeon's cholce of 1nsertion angle for the 1instruments), the

shape and overall design of the 1nstruments, or even the

patient's orientation or placement on the operating surface.

OCftentimes, the outwardly extending blades or other extensions

on different pedicle screws may physically c¢ross paths or

project to cross paths and therefore obstruct one another or

the channels for facilitating rod insertion. This 1ssue 1is

hereinafter referred to as c¢lashing, and has, to date, only

pbeen addressed by inserting the screws with the blades (such

gi—

as 1n the case of the Mantis and ESZ Systems) or other

extensions (sucn as in the case of other existing percutaneous

pedicle screw systems) attached at modified, less optimal

angles to avoid one another.
[0006] Another common challenge encountered 1n minimally
invasive surgilcal procedures 1s the 1mplantation and

i~
—_—

manipulation of the rod through the screw extensions.

Therefore, there exists a need for new extension geometries to

Fv

1mprove the ease o0of rod insertion under any of various

anatomical wvariliations.

[0007] Thus, there 1s a need for a percutaneous pedicle

screw delivery system and methodology which avoids the

aforementioned clashing problems.

BRI

EF SUMMARY OF TH.

L]

INVENTION

[ Y

[0008] The present disclosure 1s generally related to a

#
—

percutaneous 1mplant delivery system and a method of use

-3~
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thereof. In particular, the present disclosure 1s related to a

percutaneous 1mplant delivery system which facilitates the

F

minimally invasive placement of pedicle screws and rods within

a patient.

[0009] In an  embodiment, a system for percutaneous

implantation into bone 1s provided, the system including: a

element connected with a filrst extension defining a

first pedicle screw assembly 1including a first coupling

first

space having a first width therebetween; and a second pedicle

screw assembly 1ncluding a second coupling element connected

with a second extension defining a second width between

exterior surfaces thereof; wherein the first width 1s greater

pr— )

than the second width so that the second extension can fit

ke

wlithin the
[0010] In a

first space.

-

implantation of a pedicle screw system comprising the

F

of: Implanting a first pedicle screw assembly 1in a

vertebra, the first pedicle screw assembly including a

further embodiment, a method of percutaneous

sSteps

first

first

coupling element connected with a first extension defining a

first space; and 1mplanting a second pedicle screw assembly in

a second vertebra, the second pedicle screw assembly including

a second coupling element connected with a second extension;

ﬂ

and 1ntersecting at least one a portion of the

extension with the first space.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1A 1s a front view of a first pedicle
assembly.
[0012] Fig. 1B 1s a side view of the first pedicle

_——

assembly of Fig. 1A.

1)

[0013] Fig. 1C 1s a rear view of the first pedicle

’—h

assembly of Fig. 1A.

-

[0014] Fig. Z2A 1s a front view of a second pedicle

assembly.

second

SCIreCw

SCIrew

SCLrew

SCIrew
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[0015] Fig. 2B 1s a si1ide view of the second pedicle screw

gr—

assembly of Filg. ZA.

r—

[0016] Fig. 2C 1s a rear view of the second pedicle screw

pr—

assembly of Fig. Z2A.

[0017] Fig. 3A 1s a cross-sectional side view of the first

and second pedicle screw assemblies 1mplanted into the L5 and

S1 vertebrae, respectively.

)

[0018] Fig. 3B 1s a cross—-sectional top view of the

pr—

configuration of Fig. 3A.

—

[0019] Fig. 4A 1s a side view of the first and second

pedicle screw assemblles 1mplanted 1nto the L5 and Sl

vertebrae, respectively, with a blade from each assembly
removed.

[0020] Fig. 4B 1s a front view of the configuration of Fig.
47 . '

[0021] Fig. 4C 1s a top view of the configuration of Fig.
4A.

(0022] Fig. OA 1s a front-side view of a third pedicle

sCrew assembly.

F

[0023] F'1g. 5B 1s a cross-sectional front view of the third

pedicle screw assembly of Fig. b5A.

r—

[0024] Fig. 5C 1s a side view of the first and third

pedlcle screw assemblilies 1mplanted 1into the L5 and Si

vertebrae, respectively.

[0025] Fig. 5D 1s a top view of the configuration of Fig.
5C.
[0026] Fig. OE 1s a perspective view of a rod being

1nserted into four pedicle screw assemblies.

[0027] Fig. OF 1s a top view of the configuration of Fig.
SE.
[0028] [F1lg. © 1s a side view of the first pedicle screw

assembly and a fourth pedicle screw assembly implanted into

the Lo and S1 vertebrae, respectively.

o
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[0029] Fig. 7 1is a perspective view of a clip secured to

p—

the pedicle screw assembly of Fig. 1A.

DETAILED DESCRIPTION

[0030] The present invention addresses the aforementiloned

problems faced by percutaneous pedicle screw assemblies, for

pr—

instance, 1in areas of the spine where the curvature causes the

grore=
—

pedicle faces of adjacent vertebrae to face towards one

another (e.g., the lumbar-sacral region of the spilne).
Although the present invention 1s not limited to any

particular percutaneous pedicle SCrew system, certain

embodiments described in the following description 1incorporate

elements from the Mantis and ESZ Systems. Of course, the

present application has applicability to other percutaneous

pr—

pedicle screw systems that may employ differently structuread

components extending from the pedicle screws, such as systems

in which tubular components having slots or channels formed
therethrough are connected with coupling elements (e.g., as 1n

the '052 Patent).

[0031] Figs. 1A-1C and 2A-2C depict first and second

pedicle screw assemblies 10, 20. Agaln, although  such

assemblies are similar to components included 1n the ESZ2
System, these components are merely exemplary and other
designs can be utilized 1n accordance with the present
invention. Assempbly 10 1ncludes two blades 1la and 1lb secured

P

to opposing sides of a coupling element 17 of a pedicle screw

16 1n order to define a space 12 having a width 13

therebetween. As shown, blades 1lla and 1lb are 1ntegrally

formed with coupling element 17, 1n a manner that allows the

blades to be removable therefrom. The relationship between

coupling element 17 and a screw portion 18 may resemble that

o

of any type of pedicle screw, for 1nstance, the components as

shown are polyvaxially associated wlith one another.
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[0032] As shown 1in Figs. 2A-2C, assembly 20 1includes two

—

blades 2la and 21lb secured to opposing sides of a coupling

F

element 27 of a pedicle screw 26 in order to define a space 27

having a width 23 therebetween. As shown, blades 2Z21la and 21b

are 1integrally formed with coupling element 27, 1in a mannher

that allows the blades to Dbe removabple therefrom. The

relationship between coupling element 27 and a screw portion

P

28 may resemble that of any type of pedicle screw, for

instance, the components as shown are polyaxially assoclated

wlth one another.

[0033] In other embodiments, 1t 1S envislioned that

aforementioned blades may be secured to the coupling element

f*

in a different fashion. For example, 1n the case of the Mantis

System, the blades are mechanically secured to the coupling

element such that they may be removed and reattached thereto.

Again, 1t 1s also entirely within the scope of this invention

to utilize a different extension component associated with the

{

pedicle screw coupllng element, such as the detachable members

or sleeves disclosed 1in the '052 Patent. Furthermore, although

-

pedicle screws 1o and 26 are of a similar type, it 1s to be

understood that assemblies 10 and 20 may 1nclude differently

—
i

configured or differently sized pedicle screws. Likewise, the

assemblies need not 1nclude the same type of extension

component. For 1nstance, assembly 10 may be akin to the screws

of the ESZ System, while assembly 20 may be akin to the Mantis

system.

[0034] It 1s to be understood that any of widths 13, 23 or

distances 14, 24, as well as the lengths of the blades 1lla,

11lb, <Z21la, 21b themselves, may vary. However, 1in a preferred

embodiment, widths 13 and 23 are approximately 8.8 mm and

distances 14 and 24 are approximately 13 mm. In other

embodliments, widths 13 and 23 may range from 6 to 12 mm and

distances 14 and 24 may range from 8 to 20mm. Thus, assemblies

-/ -
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10 and 20 are shown as being identical 1n at least these

dimensions (blades 21la and 21b do exhibit a different height

than Dblades 1la and 1lb). It 1s to be understood, that

differently configured assemblies can be provided 1n

relirerer

accordance wilth the present 1nvention. For 1nstance, as 1s

shown 1n below discussed assembly 10', the distance between

the 1interior of the blades (shown 1n Figs. O5A and 5B as

p—
and

element 13') can be greater than that of the exterior of

another assembly.

[0035] In an exemplary method of use, as shown 1n Figs. 3A

P

and 3B, first assembly 10 1s engaged with the pedicle of a

g

first vertebra, for example, the L5 vertebra, and second

assembly 20 is engaged with the pedicle of a second vertebra,

for example the S5S1 vertebra. It 1s to be understood that the

H

engagement of the assemblies with the respective vertebrae can

be performed according to any known methodology, i1ncluding

insertion through small portals formed adjacent each vertebrae

to be 1mplanted, or even through a single incision. After

f—

engagement of the screw portions 18, 28 with the respective

*.

vertebrae, as shown 1in Fig. 3A, the blades of assemblies 10,

20 may be disposed towards each other, such that their paths

o

1ntersect. This 1s at least due 1n part to the anatomy of the

LL5-S1 region. Given the similarity between assemblies 10 and

20, one set of Dpblades can be flexed outwardly to thereby
increase 1ts 1nterior width 13 or 23. With the blades flexed
in this manner, the other set can be placed therebetween.

However, 1n other embodiments (such as 1in the below-discussed

assempbly 10'), the wldth between one set of blades may be such

that an adjacent, narrower set of Dblades may be placed

—

therebetween, without the need to flex any of the blades

outwardly. In any event, Fi1gs. 3A and 3B depict an

1llustrative scenario where one set of blades (blades 21a,

t)

21b) are placed between another set of blades (blades 1la,

_8__
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11b). Thus, the <c¢lashing problem that would otherwise be
present 1n conventional percutaneous pedicle screw systems 1s
overcome.

[0036] With assemblies 1n the above-discussed position, the
remalinder procedure may pbe performed. This 1ncludes, 1nter
alia, percutaneously placing a rod, which may be contoured

F
e

before 1nsertion to match the desired localilzed curvature of

the spine, which ultimately spans between the two assemblies.

One such contouring procedure 1s disclosed 1in U.S. Patent No.

P

8,177,817. Because of theilr positioning, blades 1lla, 1llb and

2la, 21b may still be utilized to guide the rod into place. In

addition, the blades may also still aid in the securement of

e

the rod by, for example, allowing for the placement of a set

screw or other fixatlion means. Ultimately, blades 1la, 1lb,

21la and 21b are removed from pedicle screws 30.

[0037] In an alternative embodiment of the method, as shown

in Figs. 4A-4C, the <c¢lashing problem may be avoided by

selectively detaching one or more of blades 1la, 1lb, 2la, or

H

21lb from the pedicle screws 16, 26. For example, 1f after

F F

implantation of assemblies 10 and 20, two of the blades

obstruct one another, the surgeon may detach one of them to

avold the conflict. As shown 1n Filgs. 4A-4C, 1t 1s envisioned

that the surgeon may even detach multiple 1ntersecting blades

in such an 1instance (1.e., blades 1lb and Z2Z21lb are shown

o~

removed). The remaining blades effectively create a channel

which may be relied upon to gulde the percutaneous 1nsertion

F

of a rod 1into the implanted pedicle screws 16, Z26. Because

P

this method involves the removal of intersecting blades, the

—_—

method may even be used with just one model of a pedicle screw

assembly, having the same dimensions for each assembly, by
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detaching one or both 1i1intersecting blades o©of adjacently

implanted assemblies.

F

[0038] Because the natural or deformed curvature of a spine

it
e

may vary, the point and angle at which the blades of one

assembly 1ntersect with the blades of another assembly may

vary on a case-py-case basis. However, the blades themselves

are generally unrestricted from 1ntersecting one another at

any angle. Additionally, depending on the method employed, as

well as the widths of the 1ntersecting assemblilies and the

angles at which they are 1mplanted 1into the patient, the

ﬁ
p—

blades of one assembly may or may not contact the blades of

the other when their paths 1ntersect one another.

p—

[0039] In order to 1increase the range of widths at which

.

the blades of the assemblies may 1intersect one another, the

alternative embodiment of Figs. 5A and 5B 1is envisioned. The

wldened pedicle screw assembly 10' 1ncludes two blades 1la°

and 11lb' which may be 1integrally or mechanically secured

(shown 1ntegrally secured) to opposing sides of a couplling

F

element 17' of a pedicle screw 16' 1n order to define a space

12' therebetween. A distance 14' 1s defined by the space

o

between opposing points on the exteriors of the blades 1la',

1l1b', while space 12' has a width 13'. As 1n the above

assemblies, pedicle screw 1l6' may be any type of pedicle
screw, €.Jg., Sscrew portion 18' may be polvaxially associliated

wilth coupling element 17'.

[0040] Because an upper portion of blades 1lla' and 1lb' may

—

extend along a different plane than that of the coupling

element 17 to which the blades 1la', 11lb' are attached,

assembly 10' allows for a wider width 13' and distance 14

than those defined by the dimensions of the coupling element

17 to which the blades 1la', 1lb' are attached. In a preferred

'ﬂ

embodiment of assembly 10', width 13' is approximately 14 mm

and distance 14' 1s approximately 19 mm. In alternate

-10-
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embodiments, width 13’ may range from 10-20 mm and distance

14" may range from 15-25 mm. In vyet another alternate
embodiment, 1t 1s even envisioned that blades 1la', 11b' may
follow different planes along their respective lengths, such

that the distance 14' between the blades may transition 1nto

broader or narrower distances along the length of the blades.

Thus, assembly 10' may be used 1n lleu of assemblies 10 (see

Figs. 5C and 5D) or 20 (not shown), or both (not shown), for

—
p—

the aforementioned methods of use 1n order to 1ncrease the

rﬁ

range of widths by which the blades may 1ntersect. However, 1t

is to be understood that any of widths 13, 13', 23 or

distances 14, 14', 24 may vary, as well as the lengths of the
blades 1la, 11ib, 1la', 1lb', Z2la, 2l1lb themselves. It 1s also

envisioned that the blades 1la, 1llb, 1lla', 1lb' Z2l1la, Z21lb may

be 1nterchangeable as the situation dictates, such that a

—
e

single pedicle screw assembly may feature a comblnation of

blades 1lla and 21la, or 21b and 11lb', and so forth.

[0041] Additionally, once the assemblies are implanted, the

larger width 13' of assembly 10" provides a broader tolerance

s

for manipulation of the rod, thereby easing 1ts 1insertion 1into

the 1mplanted coupling elements. In other words, assembly 10'

1s not only useful 1n 1nstances where clashing 1s present, but

also 1n 1nstances where the pedicle screws may be displaced

laterally/medially from each other. As shown in Figs. 5E and

5F, the larger widths of the two assemblies 10' which are

provided allow for the rod to be percutaneously inserted, even

—
ey

though those assemblies are offset from assemblies 10, also

shown 1i1n the figure. Thus, the present 1invention not only 1is

useful 1n preventing clashing, but also 1in aligning a rod
during percutaneous 1nsertion.

[0042] Yet another alternative embodiment pedicle screw
assemply 10'' 1s shown 1in Fig. 6, 1implanted adjacent to

pedicle screw assembly 10. The curved pedicle screw assembly
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10''" includes two blades 1l1a'' and 1lb'' (the latter of which

is not shown) that may be 1integrally or mechanically secured

(shown integrally secured) to opposing sides of a coupling

—

element 17'' of a pedicle screw 1l6'' in order to deflne a

space therebetween. Like 1n the above-discussed assemblies,

width 13'' and distance 14'', respectively are deflined between

e

opposing points on the interiors and exteriors of the blades

11a'', 11b''. Also, as 1n the above-discussed embodiments,
pedicle screw 106'' may be any type of pedicle screw, e.g., a
screw portion 18'' (not shown) may be polyvaxially assoclated

with the coupling element 17'"'.

[0043] BRlades 11a'', 1lb'' of assembly 10"'' are curved at a

point along their respective lengths. Thus, when implanted,

the coupling element 17'' may be positioned such that the

pblades 1l1la'', 1llb'' attached thereto are curved away from the

blades of an adjacently implanted assembly. Thus, the curved

assembly 10''" provides an extra channel to facilitate rod

P

insertion without c¢lashing with the blades of the adjacent

pedicle screw assembly.

[0044] Depending on doctor and patient needs, 1t 1s
envisioned that the curved assembly 10'' may bend along any
point of the lengths of the blades 1la'', 1lb'' (as shown in

ﬁ

Fi1g. ©) or curve along any portion of the 1lengths, or any

i

compbination  of the aforementioned  characteristics. n

addition, although the curved assembly 10'' in Fig. 6 1is

1mplanted adjacent pedicle screw assembly 10, the curved

—

assembly 10''" may be utilized with any of the aforementioned

assemblies 10, 20, 10', including another curved assembly

"'Oll

[0045] As shown 1n Fig. 7, any of the Dblades heretofore

discussed may be further secured by a clip 15, 1like that

currently utilized in the ESZ2 System. For instance, clip 15 is

shown 1n Fig. /7 fixedly or slidably secured to a portion along

-1 -
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the lengths of blades 1lla, 1llb in order to prevent deflection

of the blades 1la, 1lb about thelir engagements with the

——

coupling element 17. In addition to reinforcing the engagement

of the blades 1la, 1llb with the coupling element 17, the clip

vy

15 may also be wused to aid the surgeon or other medical

professional 1n properly contouring a rod before 1Implantation

into the patient. By placing a clip on each 1mplanted assembly

along a plane parallel to the patient's spine, the operator

may determine the curvature necessary for the rod to be

1mplanted before percutaneously 1inserting said rod. Although

—
s

the clip 15 shown 1s si1zed to attach to the blades 1la, 1lb of

P
—

assembly 10, the clip may be sized to attach to the blades of

’-ﬁ

any range of dilistances or widths 1n the same manner.

[0046] Although polvaxial pedicle screws are utilized in

the above-dlscussed embodiments, fi1xed, monolithic or
unlplanar screws, polyaxial hooks or the like may be employed.

Similarly, a rod 1is discussed above as being used in the

preferred embodiments, but the connecting device may be

r‘ﬁ
-

plates, rods, wires or articulating versions thereof. In

addition, although not discussed specifically above, more than

two pedicle screw assemblies may be implanted in a given

|’" gr—
-

surgery and different areas of the spine may also make use of

the present 1nvention. For 1nstance, the screw assemblies may

pe 1mplanted 1nto a three-vertebrae construct including the

I

L5-51 region and, 1n certain extreme cases of deformity or

ﬁ

dlsease, other areas of the spine, other than the L5-S1 region

may even benefit from the present invention.

[0047] Moreover, as noted above, the present invention has

applicabllity to systems that employ tubular elements having

slots or channels formed therethrough. In such a case in

Jr—
-

accordance with the present invention, the slot or channel of

one such component would be sized to accept at least a portion

ﬁ

of the other tubular component. Put differently, the outer

-1 3=
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'-h

diameter or dimension of one tubular element would be smaller

F

+rhan the slot or channel of the other tubular element. A

gr—

method of utilizing such an embodiment would follow as

described above.

[0048] Still further, the present i1invention may have
applicability to systems in which intervertebral fusion 1s
also accomplished. For instance, it 1s commonplace for both
pedicle screws and intervertebral devices, 1ncluding fusion
biologic devices comprising biologically created materials
which can promote bone growth, to be utilized 1n the same

surgery. This has the benefit of effecting not only posterior

L

fixation, but also fixation between the vertebral bodies as
well.

[0049] The scope of the claims should not be limited by the

preferred embodiments set forth in the examples, but should be

given the  Dbroadest interpretation consistent with  the

description as a whole.
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CLAIMS
1. A system for percutaneous 1mplantation 1into bone, the
system comprising:

a first pedicle screw assembly including a first coupling

element connected with a first extension, the first extension

including a first blade and a second blade defining a first

space having a first width therebetween, the first and second
blades each having a length between a distal end and a
proximal end, the distal end of each of the first and second
blades being connected with the first coupling element; and

a second pedicle gscrew assembly 1including a second
coupling element connected with a second extension defining a
second width between exterior surfaces thereof;

wherein the first width 1s greater than the second width
so that the second extension can fit within the first space;

wherein the distal end of the first blade extends along a
first longitudinal axis, and the distal end of the second
blade extends along a second longitudinal axils; and

wherein, 1ndependent of deformation of either o©f the

first or second blades, the first blade deviates from the
first longitudinal axis along the length of the first blade,
and the second blade deviates from the second longitudinal

axis along the length of the second blade.

2. The system for percutaneous i1mplantation of claim 1,

wherein the second extension includes third and fourth blades.

3. The system for percutaneous 1implantation of claim 2,
wherein the first and second blades are integrally formed with

the filrst coupling element.

4. The system for percutaneous 1mplantation of claim 3,
wherein the third and fourth blades are mechanically coupled

with the second coupling element.

-15-
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5. The system for percutaneous implantation of claim 3,
wherein the third and fourth blades are integrally formed with

the second coupling element.

6 . The system for percutaneous implantation of claim 2,
wherein the first and second blades are mechanically coupled

with the first coupling element.

7 . The system for percutaneous implantation of claim 6,
wherein the third and fourth blades are mechanically coupled

with the second coupling element.

8 . The system for percutaneous implantation of claim 6,
wherein the third and fourth blades are i1ntegrally formed with

the second coupling element.

0l

9. The system for percutaneous implantation of claim 2,

wherein the first and second blades are curved.

10. The system for percutaneous implantation of claim 9,

wherein the proximal end of the first blade extends along a
third longitudinal axis, and the proximal end of the second

blade extends along a fourth longitudinal axis; and whereiln

the first blade is curved such that the third longitudinal

axis 1s angled with respect to the first longiltudinal axis

within a first plane, and the second blade is curved such that

the fourth longitudinal axis 1s angled with respect to the

second longitudinal axis within a second plane, the first and

second planes extending generally parallel to one another.

11. The system for percutaneous implantation of claim 2,

further comprising a first clip attached to a portion of the

first and second blades.
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12. The system for percutaneous implantation of claim 11,

further comprising a second clip attached to a portion of the

third and fourth blades.

13. The system for percutaneous implantation of claim 1,

wherein the proximal end of the first blade extends along a

third longitudinal axis, and the proximal end of the second
blade extends along a fourth longitudinal axis; wherein the
first extension has a central longitudinal axis; and wherein
the third longitudinal axis of the proximal end of the first
blade is spaced further away from the central longitudinal
axis than the first longitudinal axis of the distal end of the

e

first blade, and the fourth longitudinal axis of the proximal

end of the second blade 1is spaced further away from the

P
p—

central longitudinal axis than the second longitudinal axis of

pr——

the distal end of the second blade.

14. The system for percutaneous 1mplantation of claim 13,

wherein the third longitudinal axis 1s spaced further away
from the central longitudinal axis than the first longitudinal

axis by a first laterally outward step of the first blade, and

wherein the fourth longitudinal axig 1s spaced further away
from the central longitudinal axls than the second
longitudinal axis by a second laterally outward step of the

second blade.

~17-
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