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A MEDICAL IMPLANTABLE LEAD AND A METHOD FOR ATTACHING THE

SAME

The invention relates to a medical implantable lead of the type being

adapted to be implanted into a human or animal body and attached with a

distal end to an organ inside the body, comprising a helix of a helical wire in

the distal end which is adapted to be screwed into the organ, wherein the

lead, in addition to the first helix, also comprises a second helix of a helical

wire, the second helix having the same pitch and being intertwined with the

helical wire of the first helix and which, upon rotation of the first helix, will be

rotated and screwed into the tissue.

The invention also relates to a method for attaching a medical

implantable lead to an organ inside a human or animal body, by screwing a

helix of a helical wire into the tissue of the organ.

The invention is primarily adapted for attaching the tip of a cardiac

electrode into cardiac tissue for connecting e.g. a pacemaker or defibrillator to

a heart. However, the invention is also applicable for attaching other types of

electrodes to arbitrary organs in a human or animal body. Accordingly,

everywhere in the following description and claims where reference is made

to attachment of an electrical lead to a heart, it is to be understood that it may

concern also other types of organs where applicable.

Background of the invention

Various types of cardiac stimulation devices, such as cardiac

pacemakers, have one or more electrode leads connected at one end,

commonly called the proximal end, to the implanted stimulator housing, and

having an opposite end, commonly called the distal end, which is implanted

so as to interact with cardiac tissue. The attachment of the distal end of a

cardiac lead to the cardiac tissue is commonly referred to as fixing the lead,

or lead fixation.

Typically, the cardiac lead carries an electrode at or near the distal end

thereof, and this electrode, by fixing the electrode lead to the cardiac tissue,



must be placed in good electrical contact with the cardiac tissue. The distal

end of the cardiac lead also must be reliably mechanically affixed to the

cardiac tissue, so that beating of the heart, and other physical movements of

the subject, will not cause dislodgement of the lead.

Many types of lead fixation techniques and structures are known, one

of the most common being to configure the tip electrode of the electrode lead

to be in the form of a helix or corkscrew, which is then screwed into the

cardiac tissue during the implantation procedure.

An example of such a lead with a helical configuration is described in

United States Patent No. 6,687,550. As in the arrangement described in this

patent, the helical electrode during implantation is commonly retracted inside

of a protective covering or header, and upon reaching the implantation site at

the cardiac tissue, the helix is actively caused to protrude from the covering

and is screwed into the cardiac tissue.

United States Patent Application Publication No. 2003/0073972

discloses a catheter assembly for implanting a helical fixation device into the

myocardium. The catheter assembly has a fixation wire in the form of a helix

that is securely fastened to the distal end of the catheter. A drug delivery coil

or helix is nested inside the flights (turns) of the fixation helix, but the catheter

prevents proximal rotation of the drug delivery coil. When the surgeon screws

the fixation coil into the heart wall, the drug delivery helix is driven along with

the fixation helix, but when the surgeon unscrews the fixation helix from the

heart wall, the drug delivery helix remains in place in the cardiac tissue. The

catheter also has a centrally located hollow straight needle that extends

through the central axis of the two helices, and is used for penetrating the

myocardium when the helices are screwed into the myocardium. The two

helices have the same pitch and helix diameter, so as to permit the drug

delivery coil to be nested within the fixation helix with a sliding fit.

From US 7,212,870 it is known a helical fixation device, which

comprises two helices having the same length, diameter and pitch, which are

formed of helical wires and are intertwined with each other such that the wires

are displaced 180° in relation to each other. The fixation device is adapted to

function as a bipolar electrode, wherein one helix will be a cathode whereas



the other an anode. One disadvantage with a fixation device like this is that

the impedance between each helix and the tissue will be small. A small

impedance will lead to increased energy consumption and hence more

frequent replacement of the implanted electronic devices due to discharged

batteries. In some applications measures may have to be taken to avoid this

problem, such as partly insulating of the helices as is disclosed in the

document, which will lead to increased costs for manufacturing.

In order to reduce the size of implantable electrode leads, and to

reduce the lead impedance, there is a trend to form the fixation helix from

thinner wire than in the past, as well as to reduce the outer diameter of the

fixation helix. This trend has resulted in side-effects, such as high acute

capture thresholds and poor mechanical fixation of the distal end of the lead.

It will also lead to an increased risk that the thin wire helix may easily start to

rotate in the myocardium behind the endocardium at the surface of the heart

wall if the helix is over-rotated. This will tear up the myocardium around the

helix, which will cause unnecessarily injury to the heart, which causes poor

connection, electrically as well as mechanically, and increased capture

threshold between the helix and the tissue. .

Summary of the invention

It is an object of the present invention to provide a fixation arrangement

for a medical implantable lead, comprising a helix, which can be

manufactured of a thin wire and with a small helix diameter, but by which the

fixating characteristics as well as the electrical connection characteristics can

be improved to a low cost. At least this object is achieved by a medical

implantable lead according to claim 1.

The invention also relates to a method for attaching a medical

implantable lead to an organ inside a human or animal body having

essentially the same object as above. At least this object is achieved by a

method according to claim 12.

The above object is achieved in accordance with the present invention

by a double helix fixation arrangement for a medical implantable lead having

two helices, of which one helix is electrically non-conductive whereas the



other is electrically conductive. By forming the first helix electrically non-

conductive, this helix can be optimally formed for achieving an as good

fixation as possible with regard to e.g. its length, cross-sectional dimension of

the wire and the like. On the other hand, by forming the second helix

electrically conductive, this helix can, in a corresponding way, be optimally

formed for achieving an as good electrical connection as possible with regard

to e.g. its impedance and capture threshold by varying its length, cross-

sectional dimension of the wire and the like. At the same time the helices will

interact to provide a more secure fixation to the tissue. In case the helices are

arranged on a distance from each other, the fixation arrangement will provide

two entry points through the outer layer of the organ, which for most organs

has a higher strength in relation to the tissue beneath the outer layer such as

for example the outer layer or endocardium of a heart in relation to the

underlying myocardium, such that there is provided a protection against over-

rotation of the helices and hence destroying of tissue. Over-rotation of a

single helix arrangement may occur if the physician performing the

implantation, continues to rotate the helix after it has been completely

screwed into the tissue and the tip of the lead is abutting the surface of the

organ. The helix will then continue to rotate around the entry point in the outer

layer and destroy the underlying layer. Due to the double entry points and the

comparatively strong outer layer, this risk is considerably reduced. On the

other side, in case the helices are arranged without any distance between

them, they will act in combination as a flat helical wire with an enlarged width,

which will give increased fixation characteristics. By being free to design the

second helix in a way for optimally function as an electrode, e.g. by making it

shorter, longer, thicker and/or thinner than the first electrode, it is possible to

adapt impedance and capture threshold to a desirable level in order to

achieve a good electrical contact and restrict the energy consumption.

Within this overall idea, the invention may be realized in many different

ways. Normally it is preferred to manufacture the first helix of a metal, which

is coated by an electrically insulating material, but it is also possible to

manufacture the complete helix of an insulating material such as plastics.

However, it could also be possible to manufacture the helix of an electrically



conductive material without any insulation if the two helices are held

completely separated in relation to each other and there is no risk that they

will come into contact with each other during penetration into the tissue. The

expression "electrically non-conductive" are accordingly to be interpreted

extensively and comprises also the case where the helix is of a metal but

non-connected and hence electrically inactive.

There are several ways to control the impedance and the capture

threshold of the electrically conducting, second helix. The impedance is

normally increased by reducing the overall surface area of the helix, which

can be done by reducing the length and/or the cross-sectional dimension of

the helical wire. The capture threshold, on the other hand, is lowered if the

helix is in good electrical contact with the tissue. When screwing the helix into

the tissue, it will be subjected to trauma and the electrical contact will

deteriorate within a few days due to the inflammatory process and the

subsequent fibrous capsule formation around the helix. Therefore it is

normally beneficial to use a helix of a thin helical wire since then the trauma in

the tissue will be restricted. It could also in some cases be beneficial if the

electrically conductive helix is longer than the electrically non-conductive

helix, since then the tip of the electrically conductive helix will be positioned in

tissue which is unaffected by the shorter electrically non-conductive helix and

might also reach more easily excitable tissue.

The pitch of the first and second helix is the same and is normally at

least 1, preferably at least 1,2 and most preferred at least 1,4 mm per

winding. The outside diameter of a helix is typically between 1, 1 -2 mm and

preferably around 1,4 mm. The cross-sectional dimension of the helical wire,

on the other hand, is normally between 0,25-0,35 mm for the fixating,

electrically non-conductive helix and between 0,1 5-0,3 mm for the electrically

conductive helix.

An advantage that can be achieved if the length of the electrically

conducting second helix is made shorter than the first helix, is that the

impedance of the electrode can easily be regulated by varying the length of

the short helix, whereas the long helix is electrically non-conductive and has a

length which is optimal for attaching the lead to the organ in a reliable way. In



case the second helix is made shorter than the first helix, normally, the short

helix protrudes at least a 30% shorter distance, preferably at least a 40%

shorter distance and most preferred at least a 50% shorter distance from the

tip of the lead than the long helix.

It is to be understood that the invention may be modified in many

different ways within the scope of the claims. In the hereinafter described and

illustrated embodiments of the invention, the helices are rotatable as well as

displaceable in relation to the header and the rest of the lead. However, the

helices could also be fixed arranged in relation to the lead, in which case the

entire lead is rotated when screwing the helices into the tissue. Moreover, the

invention could be applicable also in leads where the helices are directed

substantially perpendicular in relation to the longitudinal extension of the lead.

Although it is preferred, for reducing the manufacturing costs, to let the

electrically conductive helix be entirely electrically conductive, it is within the

scope of the invention to let the electrically conductive helix be partly

insulated, e.g. if it is desirable to have a long helix but be able to increase the

impedance. According to the invention, it is however intended that the

electrically non-conductive helix is completely electrically inactive.

Brief description of the drawings

Embodiments of the invention will hereinafter be described with

reference to the accompanying drawings, in which:

Fig 1 is a partly cut side view through a distal end of a medical

implantable lead according to a first embodiment of the

invention;

Fig 2 is a partly cut perspective view of the embodiment of fig 1;

Fig 3 is a cross section along the line Ill-Ill in fig 1;

Fig 4 is a partly cut side view through a distal end of a medical

implantable lead according to a second embodiment of the

invention;

Fig 5 is a partly cut perspective view of the embodiment of fig 4 ;



Fig 6 is a partly cut side view through a distal end of a medical

implantable lead according to a third embodiment of the

invention; and

Fig 7 is a partly cut perspective view of the embodiment of fig 6 .

Detailed description of embodiments of the invention

In the detailed description given hereinafter, reference is made to use

of the medical implantable lead as an electrical lead for connecting a

pacemaker or a defibrillator to a heart. It is to be understood however, that the

lead can be attached also to other organs in a body.

A first embodiment of an arrangement according to the invention is

shown in Figs 1-3. In accordance with the present invention, a dual helix

fixation arrangement has two fixation helices 1, 2, each formed of a helical

wire and each terminating in a sharp point that is capable of penetrating the

endocardium and the myocardium of a heart.

The two helices are mounted in a holder portion on a shaft 3 that can

be rotated from the opposite, proximal end of the lead or the implantation

device by means of for example a rotatable coil or a stylet in a way commonly

known in the art. When the shaft 3 and the two helices 1, 2 are rotated, this

causes them to advance from inside a protective covering or header 4 , in

which they are initially positioned, so as to penetrate into the endocardium

and the myocardium. In the illustrated embodiment the two helices have the

same diameter and pitch but are displaced by about 90° in relation to each

other, as is best seen in fig 3 , in order to position the helical wires with a small

distance from each other. In order to restrict the impedance, the first helix 1 is

insulated and hence electrically non-conductive, whereas the second helix 2

is uninsulated and hence electrically conductive for signals to or from the

tissue.

Thereafter reference is made to figs 4 and 5 , in which is illustrated a

second embodiment of the invention. Here, the helical wires of the first and

second helices 1, 2 have the same diameter and they are positioned with the

same distance from each other, i.e. displaced about 90° in relation to each

other, as in the first embodiment. In order to adjust the impedance, the



uninsulated second helix 2 is made shorter than the insulated first helix 1. In

this way the impedance of the second helix is increased and by adjusting the

length of the short, second helix, the impedance can easily be regulated to a

desired level.

In figs 6 and 7 is disclosed a third embodiment of the invention. Here

the first and second helices 1, 2 have the same length and are displaced 180°

in relation to each other. However, in order to increase the impedance of the

second helix 2 , it has been manufactured of a thinner wire than the first helix

1. Accordingly, the first helix 1 can be formed of a helical wire of a desirable

cross-sectional dimension to achieve an optimal fixation to the tissue,

whereas the second helix 2 can be formed of a helical wire of a desirable

cross-sectional dimension to achieve an optimal electrical connection to the

tissue with respect to e.g. impedance and capture threshold.

Since the dual helices of all three of the embodiments described above

are mounted with a distance in relation to each other, over-rotating of the

header/helix combination is prevented when torque is applied to the helix

during implantation. This is due to the fact that by using dual helices with a

proper pitch, two entry punctures are made in the strong endocardium, which

will prevent the helix from over-rotating in and thereby damaging the softer

myocardium. With two entry points through the endocardium, the entire

endocardium would in that case have to be twisted around the header, which

does not normally occur. This allows the helices to be made of thinner wire

and also allows helices of smaller diameter to be used, thereby allowing the

overall lead to be of a smaller diameter.

It is also to be understood that a medical implantable lead according to

the invention, can be formed as a combination of the embodiments described

above. E.g. as a medical implantable lead having a second helix, which is

thinner as well as shorter than the first helix and the helices can be displaced

in arbitrary angles in relation to each other.

Although modifications and changes may be suggested by those

skilled in the art, it is the intention of the inventors to embody within the patent

warranted hereon all changes and modifications as reasonably and properly

come within the scope of their contribution to the art.



CLAIMS

1. A medical implantable lead of the type being adapted to be

implanted into a human or animal body and attached with a distal end to an

organ inside the body, comprising a helix ( 1 ) of a helical wire in the distal end

which is adapted to be screwed into the organ, wherein the lead, in addition to

the first helix, also comprises a second helix (2) of a helical wire, the second

helix having the same pitch and being intertwined with the helical wire of the

first helix and which, upon rotation of the first helix, will be rotated and

screwed into the tissue, c h a r a c t e r i z e d in that the first helix (1) is

electrically non-conductive whereas the second helix (2) is electrically

conductive.

2 . A medical implantable lead according to claim 1, c h a r a c t e r i -

z e d in that the first and second helices ( 1 , 2) have the same diameter.

3 . A medical implantable lead according to claim 1 or 2 , c h a r a c t e -

r i z e d in that the second helix (2) is shorter than the first.

4 . A medical implantable lead according to claim 3 , c h a r a c t e r i ¬

z e d in that the second, short helix (2) protrudes at least a 30% shorter

distance, preferably at least a 40% shorter distance and most preferred at

least a 50% shorter distance from the tip of the lead than the long helix ( 1) .

5. A medical implantable lead according to any of the preceding claims,

c h a r a c t e r i z e d in that the helical wire of the second helix (2) is thinner

than the helical wire of the first helix (1).

6. A medical implantable lead according to any of the preceding claims,

c h a r a c t e r i z e d in that the first and second helices ( 1 , 2) are positioned

with a distance in relation to each other.



7 . A medical implantable lead according to claim 6 , c h a r a c t e r i ¬

z e d in that the helices ( 1 , 2) are displaced less than 90°, preferably less

than 60° and most preferred less than 30° in relation to each other.

8 . A medical implantable lead according to any of the claims 1-5,

c h a r a c t e r i z e d in that the first and helices are positioned adjacent

each other.

9. A medical implantable lead according to any of the preceding claims,

c h a r a c t e r i z e d in that the pitch of the helices ( 1 , 2) is at least 1,0 mm

per winding, preferably at least 1,2 mm per winding and most preferred at

least 1,4 mm per winding.

10 . A medical implantable lead according to any of the preceding

claims, c h a r a c t e r i z e d in that the helices ( 1 , 2) are mounted on a

common shaft (3), which is rotatable as well as displacable forward from a

sleeve formed header (4).

11. A medical implantable lead according to any of the preceding

claims, c h a r a c t e r i z e d in that the first helix ( 1) is mounted on a shaft,

which is rotatable as well as displaceable forward from a sleeve formed

header (4), whereas the second helix (2) is fixed mounted on the header

sleeve.

12 . A method for attaching a medical implantable lead to an organ

inside a human or animal body, by screwing a helix (1) of a helical wire into

the tissue of the organ, comprising the steps of:

providing a lead in which the first helix ( 1 ) is electrically non-conductive

and having also a second helix (2) being electrically conductive, the two

helices having the same pitch and being intertwined with each other, wherein

the first helix is formed for optimally fixation of the helix to the tissue, whereas

the second helix is formed for optimally electrically characteristics; and



attaching the lead to the organ by simultaneously screwing the two

helices into the tissue.
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