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(57) Abstract

An endocardial, implantable lead (1) for connection with an implantable pace-
maker comprises an electrical conductor (3) adapted, via at least one electrode (5)
connected thereto and in contact with the inner wall of the right auricle (AD), to trans-
fer stimulating pulses to the heart or collect heart pulses from the heart. The lead (1) is

spring-biased along a predetermined portion (8, 9) of its length to assume a curved

.
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shape (d), which predetermined portion contains the electrodes(5) and is adapted to @‘ "
be located in the heart auricle and bear against the inner wall thereof. A withdrawable ;b‘«! s
relatively stiff wire (10) is adapted for straightening of the curved shape of the prede- i§§
termined portion (8, 9) before and during insertion of the electrodes (5) in the auricle. 'l !;
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ENDOCARDIAL, IMPLANTABLE LEAD FOR PACEMAKER

This invention relates to an endocardial, implant-
able lead of the type indicated in the preamble of claim
1.

Many leads of this kind have become known for trans-
ferring stimulating pulses from a pacemaker box to the
heart or for supplying the heart's own pulses to the
pacemaker box.

To establish reliable contact between the auricle
electrode and the cardiac tissue there have been de-
veloped a great many means provided on or in the lead
and being of the type of hooks, barbs and screws. These
means are adapted to be actuated from outside the pa-
tient's body so as to penetrate into the cardiac tis-
sue and carry along the electrode, thereby establishing
contact with the cardiac tissue.

The disadvantages associated with such means are
that they can easily damage the cardiac tissue and can
also easily come loose so that the requisite reliable
contact with the cardiac tissue is Jjeopardized.

The object of the invention is to provide an en-
docardial, implantable lead of this type, which without
the aid of tissue-tearing means can establish good con-
tact between the auricle electrode and the cardiac tis-
sue.

This object is realized in accordance with the pre-
sent invention by means of a lead of the type described
in the foregoing and possessing the characteristic fea-
tures that appear from the appended claims.

The invention will be described in greater detail
below with reference to the accompanying drawings.

Fig. 1 is a longitudinal section of a human heart with
a lead according to the invention implanted therein,

Fig. 2 is a section on line II-II in Fig. 1, and

Fig. 3 is an enlarged view of a portion (IIZT in Fig.
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1) of the lead.

Fig. 1 shows an intravascular endocardial lead 1
which is implanted in a human heart via a punctured bo-
dy vessel (not shown), such as one jugular vein, and via
the superior vena cava VCS (vena cava superior). It is
now referred to Fig. 3 where a portion III in Fig. 1 of
the lead is shown in enlargement. The lead 1 comprises
two flexible helical concentrically arranged conductors
2 and 3 of some metal or metal alloy conventional for
the purpose contemplated, such as a platinum/iridium alloy
At its distal end the inner conductor 2 is connected to
an electrode 4 in contact with the apex of the right
heart ventricle VD (ventriculus dexter). At and adjacent
to its distal end which is upstream of the distal end
of the inner conductor 2, the outer conductor 3 is con-
nected to auricle electrodes 5 which are spaced apart
in the longitudinal direction of the lead 1 and are in
contact with the inner wall, the endocardium, of the
right auricle AD (atrium dexter) to receive heart pulses.

At their proximal ends the conductors 2, 3 are con-
nectible to an implantable heart stimulating circuit adapt-
ed, in response to the heart pulses received from the
electrodes 5, to generate heart stimulating pulses and
transfer these generated héart stimulating pulses via
the electrode 4 to the right ventricle VD. The lead 1
illustrated is thus adepted for auricle controlled heart
stimulation of a human heart with partial or total AV-
block.

Sheaths 6, 7 are formed about the conductors 2, 3.
The inner sheath 6 embraces the inner conductor 2 from
the proximal end thereof to the electrode 4 and separates
said inner conductor from the outer conductor 3. The
outer sheath 7 consists of a continuous portion extend-
ing from the proximal end of the outer conductor 3 to
the first auricle electrode 5, as viewed from said proximal
2nd, and of several spaced apart successive portions em-—

-rzcing the outer conductor 3, betw2en which portions the
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3

‘other auricle electrodes 5 protrude. The last-mentioned

electrodes are in the form of rings which are electrical-
ly connected to the outer conductor 3, for example by
soldering, at their upper and lower edges and are made
from a tissue-compatible material, such as the same
platinum/iridium alloy as the conductors 2, 3.

The sheaths 6, 7 are made from a tissue-compatible,
electrically insulating elastomer, such as a silicon rub-
ber. The inner sheath 6, when being moulded into a tube
over that part of its length which is to lie in the auricle
AD, has been given the shape of a loop or a one-turn
coil 8 and a curved portion 9 connecting onto said coil
and containing the auricle electrodes 5. The coil 8
can be a right-hand turn, as illustrated, or a left-hand
turn, as seen towards the distal end of the lead 1. The
coil is open, i.e. the intersection of the lead 1 with
itself takes place on two levels, as will appear from
Fig. 2, and the diameter or largest cross-section of
the coil is adapted to prevent the portion of the lead
1 downstream of the coil to move outwards through the
vena cava VCS. The coil 8 extends in the longitudinal
direction of the lead 1, such that the line of inter-
section between the major plane of the coil and longitu-
dinal planes of the lead 1 makes an angle with the
longitudinal direction of the lead 1, which angle can
be about 45°. The curved portion gently joins the coil
3 so that its centre of curvature lies on the same side
22 the lead 1 as the centre of curvature of the immediate-
ly connecting loop portion. The curvature of the por-

o1 9 1s sucn that by the intsgrediary of zt l-3as= one
auvricle electrode said portion will be sures to contact, and
be slightly urged-against, the endocardium in the auricle
2D, preferably following the general curvature of the endo-
cardium, over a considerable distance o, approximately from

tn= mouth of the vena cava VCS in the auricle AD to thse

tricuspid valves TK, as will appear from Fig. 1, which
is realised bty a certain overdimensioning of zha curvad
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portion 9, such that the inherent resilience of the lead
1 realizes the above-mentioned urging. '
The inner sheath 6 can be provided with the portions
8 and 9 by extrusion of a tube in a straight state, where-

S upon this tube before vulcanization is placed in a
jig which is provided with release agent or passed onto
a wire template of the same shape as that desired
(see Fig. 1) for the lead portionsi8, 9. The tube is
then vulcanized in the jig or on the template. AFter in-

10 sertion of the inner conductor 2 into the resulting tube
which hés been given the desired shape and which has op-
tionally been expanded with the aid of gas to permit such
insertion, and after passing of the tube onto the conductor
3 with the annular electrodes 5 attached thereto, the outer

15 sheath 7 can be moulded over the outer conductor 3 be-
tween and beyond the electrodes 5.

After accomplished vulcanization the lead 1 is re-
siliently biased to the shape of the coil turn 8 and
the curved portion 9, and after straightening the lead

20 1 can resume said desired curvature which is illustrated
in Figs. 1 and 2 and has a'coil 8 and curved portion 9. The
lead portions on both sides of these members 8, 9 are
unbiased.

Straightening of the lead 1 has to be carried out

25 Dbefore and during insertion of the electrodes 4 and 5
in the heart. To this end, a relatively stiff metal
wire 10 is introduced into the central opening in the lead 1
defined by the conductor 2 and is moved all the way up to the
electrode 4. Said wire simultaneously serves as straighten-

30 ing device for the loop or coil 8 and for the curved por-
ticn 9 and as a guide means for the ventricle electrode
4 for guiding it to the heart apax. After said elec-
trode 4 has been brought into correct position, the lead

b2irg paid out simultaneously as ths wire 10 is with-

[¥%}
[}

drawn through the puncture in the body vessel, for example
one jugular vein, the wire 10 can be entirely withdrawn

through said puncture. By reason of its spring bias
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described, the lead 1 is brought into the shape shown
in Figs. 1 and 2. With this shape of the lead 1, the
auricle electrodes 5 positively bear against the endo-
cardium of the auricle also when the heart is working,
and the coil 8 prevents the part of the lead 1 located
in the heart from moving out through the wvena cava VCS,
and results in the positive abutment of the electrode tip
against the lower apex of the ventricle VD.

Thus, it will be appreciated that the coil 8 serves
as a member absorbing the movements of the heart, and
not transferring these movements to the other portions
of the lead 1.

Being spring biased, the lead iﬁ the heart can
take part in the movement of the heart simultaneous-
lyras the electrodes 4 and 5 remain in contact with
the heart at the points illustrated in Fig. 1. The loop
or coil 8 unloads the lead 1 from the stresses caused
by the heart movements.

An annular magnet 11 can, if desired, be arranged
in the annular space radially inside each ring electrode
5 or a number of said ring electrodes 5, as is illustrat-
ed in Fig. 3. Said magnet 11 can be caused to cooperaté
with a magnet placed on the outer side of the patient's
body for fixation of the electrodes 5 to the myocardium
until fibrin is precipitated onto the lead.

In a similar manner the lead 1 may contain a magnet
also in the vicinity of its distal end to maintain the
electrode 4 in contact with the myocardium in the ventricle
VD »ntil fibrin is precipitated. all in conformity -rith
mv 11.S. Patent No. 4,162,679,

The plurality illustrated of auricle =lectrodes
i1s not necessary. It may very well be replaced by a
few or even a single auricle electrode 5 in the curved
portion 9. In that case, the electrode 5 is located at
such a point of said portion that a positive contact

is obtained with the endocardium in the right auricle 2D.

The dimensions of the 152D or coil 3 aad the curved
o LLREAY
RS
G W
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6

portion 9 are preferably determiﬂed on a model of the
patient's heart. The following dimensional statements
maé, however, serve as a guide where the heart of an adult
is concerned. Length o of curved portion 9 = 32 mm,
length B from the distal end of the curved portion 9
approximately at the tricuspid valves TK to the distal
end of the lead = 85 mm, diameter y of the approximately
circular coil 8 = 22 mm, distance § between the mouth
of the vena cava VCS in the auricle AD and the lowermost
portion of the coil = 15 mm, distance of intersection
€ at the coil = 25 mm, and total length of portions
8 and 9 = 130 mm.

An alternative embodiment (not shown) of the lead
1l is a strip lead where the helical conductors 2 and 3 are
placed in juxtaposition and each conductor is embraced by a
sheath 6 and 7, with the exception that the conductor
3 comprises the auricle electrodes 5 which are devoid
of sheaths. The conductors 2 and 3 may be enclosed to-
gether with the sheaths 6, 7 by a common catheter cover
0of a more rigid material than the sheaths 6 and 7 and
movable in its longitudinal direction along the sheaths
6 and 7. The conductor 2 may be provided with a guide
wire for guiding the electrode 4 into the right ven-
tricle VD, and the sheath 7 for the conductor 3 is '
spring-biased, as described in the foregoing. The
catheter cover serves the same straightening function
as the wire 10 in the embodiment illustrated and can,
after implantation in the heart, be withdrawn to restore

the slackened shape of the sheath 7 and the conductor

(9%}

Instead of either sheath 6, 7 sr the two sheaths
6 and 7 the electrical conductor or conductors 2, 3
can be biased to the desired shape (illustrated in Fig. 1)
of the coil 8 and the cirved portion 9, which helical
conductors in the produced straight state are placed in
a conventional manner, in a jig of the desired configura-

tion for the lead 1, and heated, whereafter they are
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allowed to cool for abtaining memory. A lead 1 having
an electrical conductor and of coil and/or loop form
for contact with the auricle by means of auricle elec-
trodes can of course be utilized without the aid of

5 a ventricle electrode for solely auricle stimulation.
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CLAIMS

1. Endocardial, implantable lead for connection
with an implantable pacemaker, said lead (1) comprising
an electrical conductor (3) adapted, via at least one
electrode (5) connected thereto and in contact with the
inner wall of a heart auricle (AD), to transfer stimu-
lating pulses to the heart or collect heart pulses from
the heart, characterised in that the lead
(1) along a predetermined portion (8, 9) of its length
is spring-biased to assume a curved shape, said curvature
being dimensioned so as to bear against the inner wall
of the heart auricle along a substantial length (a) of
said curvature, which contains said electrode or electro-
des (5).

2. A lead as claimed in claim l, character-
i s ed in that the bias is generated by one or more
tubular members (6, 7) of an elastomer, such as silicon
rubber, which embraces and/or is embraced by the conduc-
tor (3) but leaves said electrode or electrodes (5) free
for contact with the inner wall of the auricle (AD).

3. A lead as claimed in claim 1 or 2, ¢ har a c-
terised in that a relatively rigid elongated means
(10) is adapted, in releasable positive connection with
said predetermined portion, to counteract the bias forces
and permit insertion of said portion in the heart in a
substantially straightened state.

4. A lead as claimed in any one of claims 1-3,
characterised in that the shape of said
considerable length (a) of the curvature (8, 9) generally
corresponds to the curvature of the inner wall of the
auricle (AD) in a longitudinal section thereof, from
approximately the mouth of the superior vena cava (VCS)
in the auricle to the tricuspid valves (TX).

5. A lead as claimed in any one of claims 1-4,

characterised in that the curvature compri-
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ses, in turn as viewed towards the distal end of the
lead, a steeply rising helical coil or loop (8) of
slightly larger transverse dimension than the transverse
dimension of the mouth of the supériof vena cava (VCS)
in the auricle (AD), and a curved portion (9) gently
connecting onto the loop and including said substantial
lenght of curvature (a).

6. A lead as claimed in any one of claims 1-4,
characterised in that the line of inter-
section between the major plane of the coil (8) and
longitudinal planes of the lead (1) make an angle with
the longitudinal direction of the lead (1}, such that the
coil (8) forms a member absorbing the movements of the
heart.

7. A lead as claimed in any one of claims 1-6,
characterised in that the electrodes (5)
consist of annular elements spaced apart along said
substantial length of curvature (o).

8. A lead as claimed in any one of claims 3-7,
character ised in that hte conductor (3) is
helicallyrwound and that hte elongated relatively stiff
means (10) is a metal wire which is slidably arranged
in the opening of the helically wound conductor (3).

9. A lead as claimed in any one of claims 3-8,
characterised in that i contains a second
electrical conductor (2) which extends past the first
conductor by a length (B) which contains a second
electrode (4) arranged to contact the inner wall of a
heart ventricle (VD).

10. A lead as claimed in claim 9, c har a c-
terised in that the conductors (2, 3) are coaxial
and iﬂsulated by said tubular members (6, 7), the
auricle electrode or electrodes (5) being connected to
the outer conductor (3).

11. A lead as claimed in any one of claims 9 and
10, characterised in that the metal wire
(10) also serves as a guide for the ventricle electrode
(4).
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