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(57) ABSTRACT 

A lead locking device has a lead engaging member With a 
mandrel extending along a lumen and attached to the distal 
end of the lead engaging member such that it extends beyond 
the proximal end of the lead engaging member. The lead 
locking device also has a loop handle attached to the 
proximal end of the mandrel. The lead engaging member has 
a ?rst con?guration Which is narroWer than a second con 

?guration and is suf?ciently long to extend along substan 
tially the entire length of a lead to be removed from a 
patient’s body. Methods of removing a lead from a patient’s 
body include attaching a lead locking device along substan 
tially the entire length of the lead and applying traction to the 
proximal end of the lead locking device. 



Patent Application Publication Apr. 19, 2001 Sheet 1 0f 5 US 2001/0000349 A1 



Patent Application Publication Apr. 19, 2001 Sheet 2 0f 5 US 2001/0000349 A1 

1.mm.»WWWW.»wwwovwwovw?5mm.hm 



Patent Application Publication Apr. 19, 2001 Sheet 3 0f 5 US 2001/0000349 A1 



Patent Application Publication Apr. 19, 2001 Sheet 4 0f 5 US 2001/0000349 A1 

64 

FIG. 5A 

66 
74 r72 / as 

76 y/ i / 

FIG. 5B 64 



Patent Application Publication Apr. 19, 2001 Sheet 5 0f 5 US 2001/0000349 A1 

FIG. 7B 96 



US 2001/0000349 A1 

LEAD LOCKING DEVICE AND METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention pertains to lead locking devices and 
methods for locking onto a lead, and more particularly to 
lead locking devices and methods for locking onto and 
removing a lead from a patient’s body, such as a pacemaker 
lead. 

[0003] 2. Description of Related Art 

[0004] Various medical procedures attach Wire-like 
devices to internal portions of a person’s body, such as an 
electrical lead for a pacemaker or a catheter. Pacemaker 
leads are electrically conducting Wires Which run to an 
electrode that is attached to an inner Wall of a person’s heart. 
Pacemaker leads are typically a coil of Wire enclosed in an 
outer cylindrical sheath of electrically insulating material. 
The coil of Wire usually leaves a holloW space running doWn 
the center of the pacing lead (a “lumen”). 

[0005] Pacing leads are usually implanted With the inten 
tion that they Will remain in the patient for several years. 
During such time, ?brous tissue groWs over the electrode 
and portions of the lead. Pacing leads are often provided 
With additional barb-like structures or a corkscreW type of 
structure to encourage adhesion to the inner Wall of the 
patient’s heart. 

[0006] Pacing leads sometimes fail or it is sometimes 
desirable to place an electrode at a different position from a 
previous position. It is then necessary to determine What 
should be done With the unused pacing leads. Both the 
removal of a pacing lead and leaving it in the patient entail 
associated risks. Leaving the pacing lead in the patient can 
increase the chances of infection, interfere With the addi 
tional pacing leads, or cause additional complications. On 
the other hand, removing pacing leads can cause severe, and 
possibly fatal, damage to the patient’s heart. 

[0007] Numerous devices have thus been developed that 
can be inserted into the lumen of a pacing lead and attach to 
the pacing lead close to the electrode in order to apply 
traction to the end of the lead close to the electrode. Aseries 
of patents to Goode et al (US. Pat. Nos. 4,943,289; 4,988, 
347; 5,011,482; 5,013,310; and 5,207,683) disclose various 
devices Which attach to the pacing lead at a localiZed region 
close to the electrode. Peers-Trevarton (US. Pat. No. 4,574, 
800), Hocherl et al (US. Pat. No. 5,549,615) and McCorkle 
(US. Pat. Nos. 4,471,777 and 4,582,056) disclose similar 
devices Which attach to a pacing lead close to the electrode. 
HoWever, all of these devices have a disadvantage that they 
attach to the pacing lead in a localiZed area. Applying 
traction to the pacing lead and/or pacing lead removing 
devices according to the prior art can lead to the pacing 
lead’s becoming distorted and/or breaking before the pacing 
lead is successfully removed from the patient. In addition, 
the prior art devices rely on either a form of entanglement 
With the coiled Wire of the pacing lead, or some form of local 
distortion to the coil of the pacing lead in order to maintain 
a ?rm grip With the pacing lead removing apparatus While 
traction is applied to the apparatus. Consequently, this 
makes it dif?cult or impossible to remove a conventional 
device from the pacing lead in order to abort or restart the 
pacing lead removing procedure. 
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[0008] The expandable portions of the conventional 
devices also make it dif?cult or impossible to use other lead 
removing equipment and procedures in conjunction With 
those devices. For example, a substantially cylindrical and 
?exible catheter Which has a central lumen is often slid over 
the pacing lead such that the pacing lead passes through the 
lumen of the catheter and the leading edge of the catheter is 
used to free ?brous groWth from the pacing lead. Laser 
catheters are also knoWn to slide over a pacing lead in Which 
laser light is transmitted along the catheter in order to cut 
aWay ?brous tissue as the laser catheter is advanced along 
the pacing lead. Consequently, it is also desirable to have a 
pacing lead removing device Which can attach internally to 
the pacing lead so as not to obstruct a catheter or laser 
catheter Which may be used in conjunction With the pacing 
lead removing device. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, it is an object of this invention to 
provide a lead locking device Which is insertable into a 
lumen of a lead and Which engages and forms a grip With an 
extended portion of the inner region of the lead. 

[0010] It is another object of this invention to provide a 
lead locking device Which is insertable into a lumen of a lead 
and Which engages and forms a grip With an extended 
portion of the inner region of the lead including at least a 
proximal portion. 
[0011] It is another object of this invention to provide a 
lead locking device Which is insertable into a lumen of a lead 
and engages the lead substantially along the entire length of 
the lead to form a grip With the lead. 

[0012] It is another object of this invention to provide a 
lead locking device Which is compatible for use in conjunc 
tion With a catheter threaded over the outside surface of the 
lead. 

[0013] It is another object of this invention to provide a 
method of removing a pacing lead by attaching a lead 
locking device to an extended portion of a lead Within the 
lumen of the lead. 

[0014] It is another object of this invention to provide a 
method of removing a lead from a patient’s body by attach 
ing a lead locking device along substantially the entire 
length of a lead. 

[0015] The above and related objects of this invention are 
realiZed by providing a lead locking device that has a lead 
engaging member extending along a longitudinal direction 
and de?ning a lumen therein. A mandrel is disposed in the 
lumen and attached to the distal end of the lead engaging 
member such that the mandrel extends substantially along 
the entire length of the lumen and protrudes beyond a 
proximal end of the lead engaging member. The lead engag 
ing member has a ?rst con?guration in Which it is slid into 
a lumen de?ned by a lead, such as a pacing lead. Preferably, 
the lead engaging member is suf?ciently long to extend 
along at least about 30% of, and more preferably, substan 
tially along the entire length of the pacing lead. When the 
lead engaging member extends along less than substantially 
the entire length of the pacing lead, it is preferable for the 
pacing lead to engage at least a distal portion and a proximal 
portion of the pacing lead; hoWever, the scope and spirit of 
the invention includes generally engaging at least about 30% 
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of the lead engaging member. The lead engaging member 
has a second con?guration in Which it engages the lead 
substantially along the entire length of the lumen of the lead. 
This engagement of the lead engaging member to the lead 
forms a connection or lock to the lead. By engaging the lead 
substantially for the entire length, the tractional force can be 
distributed along the lead, thus reducing distortion and 
breakage of a lead during the lead removal process. 

[0016] The general concept of the lead engaging member 
engaging the pacing lead along substantially the entire 
length of the lead may be realiZed in a great variety of 
embodiments. In some preferred embodiments, the lead 
engaging member is an elastic sheath Which is stretched in 
the ?rst con?guration and substantially relaxed in the second 
con?guration. In a ?rst preferred embodiment, the lead 
engaging member is a braided sheath of Wires. Preferably, 
the Wires are ?at Wires Which have a rectangular cross 
sectional shape. In a second preferred embodiment, the lead 
engaging member is a sheath of elastic material, such as 
rubber. 

[0017] Generally, the lead engaging member has a nar 
roWer maximum diameter in the ?rst con?guration than in 
the second con?guration. The greater diameter in the second 
con?guration results in the lead engaging member gripping 
the lead from Within the lumen due to frictional or other 
contact forces With the Wall of the lumen. 

[0018] The lead locking device according to the preferred 
embodiments has a mechanism that holds the lead engaging 
member in a stretched con?guration. HoWever, the general 
concepts of the invention are not limited to having such a 
mechanism to hold the lead engaging member in a stretched 
position. For example, the user may manually hold the lead 
engaging member in a stretched con?guration until releasing 
it at a desired time. Other embodiments may provide a lead 
engaging member Which has a larger diameter in the relaxed, 
lead engaging con?guration and a smaller diameter in the 
nonrelaxed lead nonengaging con?guration. 

[0019] The ?rst preferred embodiment of a mechanism 
that holds the lead engaging member in a stretched con?gu 
ration is a press-?t mechanism. As described above, the lead 
locking device has a lead engaging member extending along 
a longitudinal direction and de?ning a lumen therein. The 
press-?t mechanism has an inner hypotube and an outer 
hypotube arranged concentrically to sandWich a proximal 
portion of the lead engaging member therebetWeen. A man 
drel is disposed in the lumen and attached to the distal end 
of the lead engaging member such that the mandrel extends 
along at least 30% of, and more preferably substantially 
along the entire length of, the lumen and protrudes beyond 
a proximal end of the lead engaging member. A portion of 
the mandrel in this embodiment is crimped in a Wave-like 
crimped pattern such that the inner and outer hypotubes, 
With the portion of the lead engaging member sandWiched 
therebetWeen, is slidable along the mandrel to substantially 
a central portion of the crimped section of the mandrel. The 
Wave-like crimp in the mandrel supplies a resistive force to 
sliding the inner and outer hypotubes over it. HoWever, the 
resistive force is small enough such that it can be overcome 
by the user operating the lead locking device. Once the inner 
and outer hypotubes are positioned substantially Within the 
center of the crimped section of the mandrel, the crimped 
section of the mandrel supplies a resistive force Which 
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cancels the restoring force of the stretched lead engaging 
member. The residual resistive force of the crimped section 
of the mandrel is suf?ciently small such that the user can 
slide the inner hypotube back aWay from the crimped section 
of the mandrel. The lead engaging member thus acquires a 
substantially relaxed con?guration and increases its outer 
diameter Which engages the surface of the lumen to provide 
a frictional engagement. 

[0020] In other preferred embodiments, a latching mecha 
nism holds the lead engaging member in a stretched con 
?guration so that the surgeon does not have to manually hold 
the lead engaging member in the stretched con?guration. 
The preferred embodiment of a latching mechanism is a 
snap-?t mechanism. The snap-?t mechanism has a ?rst 
hypotube and a second hypotube arranged concentrically 
With a proximal portion of the lead engaging member 
sandWiched therebetWeen forming a female connector. The 
?rst hypotube has a detent extending circumferentially 
around the inner surface of the ?rst hypotube. The snap?t 
mechanism has a male connector attached to the mandrel. 
The male connector has an indent along the outer surface 
extending in a circumferential direction. The male connector 
is attached to a portion of the mandrel such that When the 
?rst hypotube is pulled toWard the male connector the ?rst 
hypotube of the female connector engages and snaps to the 
male connector. The detents in the female connector ?t into 
the indents in the male connector to hold the lead engaging 
member in a stretched con?guration. The user slides the 
female connector back aWay from the male connector in 
order to unsnap the lead engaging member, thus permitting 
it to take on a substantially relaxed con?guration. 

[0021] Preferably, the lead locking device has a loop 
handle at the proximal end of the mandrel. The loop handle 
makes it easier for the user to remove the lead from the 
patient’s body. In a preferred embodiment, the loop handle 
is a proximal loop made from a malleable material, and more 
preferably an annealed portion of the mandrel itself. A 
suitable material is annealed stainless steel Wire. Preferably, 
a portion of the mandrel at the proximal end is annealed and 
tWisted around another portion of the mandrel and encased 
Within a proximal loop hypotube. The proximal loop hypo 
tube is crimped to form a secure connection betWeen the 
proximal handle and the mandrel. Crimping the proximal 
loop hypotube Without adding adhesive, solder, or other 
material is preferred; hoWever, the general concept of the 
invention is not limited to only crimping the proximal loop 
hypotube. 

[0022] In operation, the lead locking device is inserted 
into a lumen of a lead such that the lead engaging member 
extends along at least 30% of the lead. More preferably, the 
lead locking device is inserted into a lumen of a lead such 
that the lead engaging member extends along at least 30% of 
the lead so that it includes a proximal and a distal portion of 
the lead. Even more preferably, the lead engaging member 
is inserted into a lumen of a lead such that the lead engaging 
member extends along substantially the entire length of the 
lead. 

[0023] The lead engaging member is in a stretched con 
?guration While it is being inserted into the lumen of the lead 
so that it has a smaller diameter than that of the lumen. Once 
the lead engaging member is fully inserted into the lumen of 
the lead, the surgeon releases a lead engaging member, or 
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disengages the mechanism holding the lead engaging mem 
ber in the stretched con?guration, such that the lead engag 
ing member acquires a substantially relaxed con?guration. 
The lead engaging member thus acquires a larger outer 
diameter than it had in the stretched con?guration. In the 
substantially relaxed con?guration, the lead engaging mem 
ber engages the lead, thus forming a connection along at 
least about 30% of the lead, and more preferably substan 
tially along the entire length of the lead, due to its increased 
outer diameter. The surgeon applies traction to the proximal 
end of the lead locking device, preferably using the loop 
handle. The loop handle also provides greater control over 
the lead locking device for the removal of the lead from the 
patient’s body. The lead locking device may be selectively 
removed from the lead, either before or after removing the 
lead from the patient’s body, by restretching the lead engag 
ing member such that it is again in a stretched con?guration. 
After reacquiring the stretched con?guration, the lead lock 
ing device disengages from and becomes unlocked from the 
lead since it again has a smaller outer diameter than the 
lumen diameter. Insertion and removal of the lead locking 
device from the lead may include tWisting as Well as pushing 
and pulling action from the user. Furthermore, removing the 
lead from the patient’s body may also include tWisting 
action, preferably using the loop handle, as Well as applying 
traction, pulling, or pushing actions. 
[0024] In a third preferred embodiment of the lead locking 
device, the lead engaging member is a coil attached to the 
distal end of a mandrel that extends along at least about 30% 
of, and more preferably substantially along the entire length 
of, the entire length of a lead. The lead locking device 
according to the third embodiment has a tightly Wound 
con?guration for the lead engaging member, such that it has 
a smaller outer diameter than the diameter of the lumen. The 
lead locking device is inserted into the lumen of the lead 
While the coil of the lead engaging member is in the tightly 
Wound con?guration such that the coil extends substantially 
along the entire length of the lead Within the lumen of the 
lead. The surgeon rotates the mandrel relative to the proxi 
mal end of the coil in order to partially unWind the coil such 
that it takes on a loosely Wound con?guration Which has an 
increased outer diameter as compared to the tightly Wound 
con?guration. The coil in the loosely Wound con?guration 
has a greater diameter than in the tightly Wound con?gura 
tion, it thereby engages and locks onto the lead from Within 
the lumen of the lead. The surgeon applies traction to the 
proximal end of the mandrel in order to remove the lead 
from the patient’s body. 
[0025] In a fourth preferred embodiment, the lead engag 
ing member is a helical ribbon Wrapped around a mandrel in 
Which the distal end of the ribbon and the distal end of the 
mandrel are attached, preferably by adhesive material. The 
helical ribbon of the lead engaging member is non-overlap 
ping in a ?rst con?guration. The surgeon inserts the lead 
locking device into the lumen of the lead While the ribbon of 
the lead engaging member is in the non-overlapping con 
?guration such that the ribbon extends along at least 30% of, 
and more preferably substantially along the entire length of, 
the lead. Once the lead locking device is fully inserted into 
the lumen of the lead, the surgeon applies traction to the 
mandrel causing the helical ribbon of the lead engaging 
member to partially overlap itself, thus resulting in an 
increase in diameter of the lead engaging member. The 
increase in diameter of the lead engaging member forms a 
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contact along at least 30% of, and more preferably substan 
tially along the entire length of, the lumen of the lead. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] These and other objects and advantages of the 
invention Will become more apparent and more readily 
appreciated from the folloWing detailed description of the 
presently preferred exemplary embodiments of the inven 
tion, taken in conjunction With the accompanying draWings, 
of Which: 

[0027] FIG. 1 illustrates a lead locking device according 
to the ?rst embodiment of the invention; 

[0028] FIG. 2 is a schematic illustration of the lead 
locking device according to the ?rst embodiment of the 
invention; 
[0029] FIG. 3A is a bloWn-up vieW of a section of FIG. 
1; 
[0030] FIG. 3B is a cross-sectional vieW of the portion of 
the lead locking device illustrated in FIG. 3A; 

[0031] FIG. 4 is a schematic illustration of a lead locking 
device Which has a second embodiment of a mechanism to 
hold the lead engaging member in a stretched con?guration; 

[0032] FIG. 5A and FIG. 5B illustrate tWo con?gurations 
of a second embodiment of the lead locking device accord 
ing to the invention; 

[0033] FIG. 6 illustrates a third embodiment of a lead 
locking device according to the invention; and 

[0034] FIG. 7A and FIG. 7B illustrate tWo con?gurations 
of a lead locking device according to a fourth embodiment 
of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0035] Reference numeral 10 in FIG. 1 generally repre 
sents a lead locking device according to a ?rst embodiment 
of the invention. The lead locking device 10 has a lead 
engaging member 12, a mandrel 14, a loop handle 16 and a 
press-?t type of latching mechanism 18. The lead engaging 
member 12 has a proximal end 20 and a distal end 22. FIG. 
1 shoWs a section of the lead engaging member 12, betWeen 
the proximal end 20 and the distal end 22, With the center 
portion cut aWay for illustration purposes. Consequently, 
FIG. 1 does not illustrate the scaled length of the lead 
engaging member 12. Preferably, the lead engaging member 
12 is at least about 65 cm long. HoWever, the length of the 
lead engaging member 12 may be selected according to the 
intended application. As one may see illustrated schemati 
cally in FIG. 2, the lead engaging member 12 de?nes a 
lumen extending betWeen the proximal end 20 and distal end 
22. The mandrel 14 is disposed in the lumen de?ned by the 
lead engaging member 12 and attached to the distal tip 24 of 
the lead engaging member 12. In a preferred embodiment, 
the lead engaging member 12 is a braided sheath. The lead 
engaging member 12 is soldered to the mandrel 14 at the 
distal tip 24 in a ?rst embodiment. The solder at the distal tip 
24 is preferably a radiopaque solder. Suitable materials for 
the radiopaque solder are alloys of gold and tin. More 
preferably, the solder at the distal tip 24 is about 80% gold 
and about 20% tin. 



US 2001/0000349 A1 

[0036] In a preferred embodiment, the press-?t type of 
latching mechanism 18 has at least a portion 26 attached to 
the proximal end 20 of the lead engaging member 12 and a 
crimped portion 28 of the mandrel 14. Preferably, the portion 
of the press-?t mechanism 26 attached to the proximal end 
20 of the lead engaging member 12 has an inner hypotube 
30 and an outer hypotube 32 concentrically arranged to 
sandWich the proximal end 20 of the lead engaging member 
12 therebetWeen. Preferably, the inner hypotube 30 and 
outer hypotube 32 are crimped to become mechanically 
?xed to the lead engaging member 12. The inner hypotube 
30 and outer hypotube 32, Which are preferably rigidly ?xed 
With respect to each other and to a proximal end 20 of the 
lead engaging member 12, is slidable along the mandrel 14 
disposed in the lumen de?ned by the lead engaging member 
12. The crimped section 28 in the mandrel 14 is constructed 
at a position relative to the proximal end 20 of the lead 
engaging member 12 such that the inner hypotube 30 and 
outer hypotube 32 attached to the proximal end 20 of the 
lead engaging member 12 overlaps the crimped section 28 of 
the mandrel 14 When the lead engaging member 12 is in a 
stretched con?guration. More preferably, the inner hypotube 
30 and outer hypotube 32 attached to the proximal end 20 of 
the lead engaging member 12 sets in a stable condition, thus 
being held or “latched” in place, approximately in the center 
of the crimped section 28 When the lead engaging member 
12 is in a stretched con?guration. In the preferred embodi 
ment, the inner hypotube 30 and outer hypotube 32 attached 
to the proximal end 20 of the lead engaging member 12 is 
beyond the most distal end 34 in the distal direction When 
the lead engaging member 12 is in a substantially relaxed 
con?guration. 
[0037] As one may see illustrated in FIG. 1, the loop 
handle 16 of the lead locking device 10 preferably has a 
proximal loop 36 and an end portion 38 Which is further 
tWisted around the most proximal end 40 of the mandrel 14. 
In the preferred embodiment, a proximal loop hypotube 42 
is disposed over the tWisted end 38 of the loop handle 16 and 
crimped to mechanically attach the loop handle 16 to the 
mandrel 14. Preferably, the proximal loop hypotube 42 is 
crimped, thereby forming a solid mechanical attachment of 
the loop handle 16 to the mandrel 14. 

[0038] Preferably, the proximal loop 36 is made from 
annealed stainless steel Wire, thus providing a degree of 
malleability. More preferably, the stainless steel Wire of the 
proximal loop 36 is an annealed portion of the most proxi 
mal end of the mandrel 14 itself. Stainless steel 304V Wire 
about 0.020“ thick With about 20 cm annealed at the proxi 
mal end has been found to be suitable for the mandrel 14 
With a proximal loop 36. Preferably, the proximal loop 
hypotube 42 is 304V stainless steel. 

[0039] In the preferred embodiment, the mandrel 14, the 
inner hypotube 30 and the outer hypotube 32 are 304V 
stainless steel. In the ?rst preferred embodiment, the lead 
engaging member 12 is a braided sheath. Preferably, the lead 
engaging member 12 is a braided sheath of ?at Wires Which 
have a rectangular cross-section. Preferably, the ?at Wires of 
the braided sheath of the lead engaging member 12 are 304V 
stainless steel. More preferably, the ?at Wires have cross 
sectional dimensions of about 0.001“><0.003“. A braided 
sheath for the lead engaging member 12 formed from about 
16 ?at Wires Was found to be suitable for speci?c applica 
tions. In addition, an outer diameter of the lead engaging 
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member 12 of 0.016“ in the stretched con?guration and 
about 0.045“ in a substantially relaxed con?guration Were 
found to be suitable for speci?c applications. Preferably, the 
tip of the lead locking device is less than about 0.017 inch. 
In a preferred embodiment, the mandrel 14 tapers from the 
proximal end to the distal end. Thicknesses of the mandrel 
14 ranging from about 0.020“ to about 0.011“ going from the 
proximal end to the distal end Were found to be suitable for 
particular applications. The lead locking device 10 may also 
include a ?llet provided at the interface betWeen the outer 
hypotube 32 and the lead engaging member 12, although it 
is currently more preferred not to include a ?llet. A suitable 
material for the ?llet, if included, is glue or solder. 

[0040] As one may see in another preferred embodiment 
illustrated in FIGS. 3A and 3B, the lead locking device 10‘ 
includes a distal band 46 attached to the distal end 22‘. FIG. 
3A is an enlarged vieW of a section of the lead locking 
device 10‘, except the distal end 46 replaces the solder tip 24 
illustrated in FIG. 2. The distal band 46 is disposed over a 
distal portion 48 of the lead engaging member 12. Prefer 
ably, the distal band 46 and the distal portion 48 are joined 
together. The distal band 46 and distal portion 48 of the lead 
engaging member 12 are preferably joined together by 
epoxy disposed therebetWeen. The epoxy permeates the 
braid of the distal portion 48 of the lead engaging member 
12 up to a Wick length 47. More preferably, an epoxy plug 
49 is formed at the distal end of the lead locking device 10‘, 
mechanically locking the distal band 46 to the lead engaging 
member 12 and mandrel 14. The epoxy plug reduces fraying 
of the Wires forming the braided lead engaging member if 
one, or some, of the Wires break. In other embodiments, it is 
also suitable to join the distal band 46 and the distal portion 
48 by other adhesives, soldering, Welding or by crimping. A 
suitable material for the distal band is an alloy of platinum 
and iridium (preferably 90% Pt and 10% Ir). 

[0041] FIG. 4 is a schematic illustration of a lead locking 
device 10“ Which is similar to the lead locking device 10, but 
it has a latching mechanism 50 instead of a press-?t type of 
latching mechanism 18. In the lead locking device 10“, the 
loop handle 16“ is similar to the loop handle 16. The loop 
handle 16“ forms a proximal loop 36‘ an end 38‘ that is 
tWisted around another portion of the mandrel 14. A proxi 
mal loop hypotube 42‘ is preferably disposed over the 
tWisted end 38‘ of the loop handle 16“ Which is crimped. In 
the preferred embodiment of the lead locking device 10“ the 
latching mechanism 50 has a portion 52 attached to the 
proximal end of the lead engaging member 12. Preferably, 
the latching mechanism 50 also has a portion 54 attached to 
a proximal portion of the mandrel 14 that provides a male 
connector. The portion 52 attached to the proximal end 20 of 
the lead engaging member 12 is selectively and removably 
attachable to the portion 54 attached to the proximal end of 
the mandrel 14. More preferably, the portion 52 attached to 
the proximal end 20 of the lead engaging member 12 and the 
portion 54 attached to the proximal portion of the mandrel 
14 cooperatively form a snap-?t latching mechanism. More 
preferably, the portion 52 attached to the proximal end 20 of 
the lead engaging member 12 is a ?rst hypotube having a 
detent 56 de?ned by an inner surface of the ?rst hypotube 
52. Preferably, the portion 54 attached to a proximal portion 
of the mandrel 14 has an outer surface that de?nes an indent 
58. The detent 56 is secured Within the indent 58 in a latched 
con?guration of the latching mechanism 50, thus holding the 
lead engaging member in a stretched con?guration. In the 
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preferred embodiment, a second hypotube 60 is slidably 
disposed over the mandrel 14 and arranged concentrically 
With the ?rst hypotube 52 such that a proximal portion 20 of 
the lead engaging member 12 is disposed therebetWeen. The 
concentric arrangement of second hypotube 60, the proximal 
portion 20 of the lead engaging member 12 and the ?rst 
hypotube 52 are securely attached by at least one of adhesive 
material, Welding and crimping, but preferably by crimping, 
to form a female connector. Although the lead locking 
device 10“ has a distal tip 24 as in the lead locking device 
10, a distal band such as in the lead locking device 10‘ may 
also be used in this embodiment. The material of the ?rst and 
second hypotubes 52 and 60 is preferably stainless steel. The 
material of the portion 54 is preferably stainless steel or a 
polymer. A?llet may also be provided at the interface of the 
?rst hypotube 52 and the proximal end 20 of the lead 
engaging member 12. The ?llet, if used, is preferably glue or 
solder. 

[0042] In operation of the lead locking device 10, the user 
slides the portion 26 of the press-?t type of latching mecha 
nism 18 that is attached to the proximal end 20 of the lead 
engaging member 12 along the mandrel 14 in a direction 
from the distal tip 24 toWards the loop handle 16 until the 
inner hypotube 30 and outer hypotube 32 are positioned 
approximately at the center of the crimp 28. The crimped 
portion 28 of the mandrel 14 provides resistance to sliding 
the inner hypotube 30 and outer hypotube 32 thereon. 
Similarly, once the inner hypotube 30 and outer hypotube 32 
are positioned over the crimped portion 28 of the mandrel 
14, the crimped portion of the mandrel 14 provides a 
resistive force Which cancels the restoring force provided by 
the lead engaging member 12 in the stretched con?guration, 
thus holding it in place. 

[0043] The lead engaging member 12 is disposed in a 
lumen de?ned by a lead, for example, a pacing lead for a 
pacemaker. Pacing leads are coiled, thus forming a lumen 
therein. The lead engaging member 12 is inserted into the 
lead lumen until it is disposed along at least about 30% of 
the length of the pacing lead, and more preferably substan 
tially along the entire length of the pacing lead. The surgeon, 
or other user of the lead locking device 10, releases the 
press-?t type of latch mechanism by sliding the inner 
hypotube 30 and outer hypotube 32 combined unit toWard 
the distal tip 24. The additional force provided by the 
surgeon overcomes the resistive force provided by the 
crimped portion 28 of the mandrel 14. The lead engaging 
member 12 thus acquires a substantially relaxed con?gura 
tion such that it has a larger diameter than When it Was in a 
stretched con?guration. The Wider diameter of the lead 
engaging member 12 acts to frictionally engage and lock the 
lead engaging member 12 to an inner surface of the lumen 
of the lead, along at least about 30%, and more preferably 
substantially the entire length of the lead. Flat braided Wires 
in the lead engaging member 12 enhance the quality of the 
grip betWeen the lead engaging member 12 and the inner 
portions of the lead. Furthermore, the ?exibility of the lead 
engaging member 12 compensates for variations in the 
shape and siZe of the lumen of the lead to ensure a good grip 
along an extended portion of the lumen. 

[0044] Traction is then applied to the mandrel 14, Which 
may be primarily provided by applying traction to the loop 
handle 16. Since the lead locking device 10 is locked along 
at least about 30%, and more preferably substantially the 

Apr. 19, 2001 

entire length of the lead, the traction is distributed over an 
extended portion of the lead rather than being applied in a 
small local region. In addition, by engaging the lead along 
at least about 30% of the lumen of the lead to include at least 
a proximal portion and at least a distal portion of the lead, 
traction forces are distributed to at least a proximal portion 
and a distal portion of the lead. By distributing the traction 
force over an extended portion of the lead, distortions, 
disruptions and breakage of the lead are reduced. 

[0045] The lead locking device 10 may also be unlocked, 
and removed, from the lead prior to removing the lead from 
the patient’s body. This may be done to abort the operation, 
remove and recon?gure the lead locking device 10, remove 
the lead locking device 10 and replace it With another 
device, or to remove the lead locking device to apply other 
methods and techniques. To release the lead locking device 
from the lead, the surgeon slides the inner hypotube 30 and 
outer hypotube 32 arrangement toWards the proximal end, 
aWay from the distal tip 24, thus restretching the lead 
engaging member 12. 

[0046] In the preferred embodiment, the ?at Wires of the 
braided sheath of the lead engaging member 12 lock along 
an extended length of the lead. The lead locking devices 10‘ 
and 10“ operate in a manner similar to that of lead locking 
device 10. After inserting the lead locking device 10“ into 
the lumen of a lead, the surgeon applies traction to the 
mandrel 14, Which may be primarily applied through the 
loop handle 16“. The lead locking device 10“ may be 
removed from the lead either before or after removal of the 
lead from the patient’s body by sliding the ?rst hypotube 52 
aWay from the distal tip 24 toWards the loop handle 16“ such 
that the ?rst hypotube 52 forms a snap-?t With the portion 54 
attached to the mandrel 14. Once the detente 56 is secured 
Within the indent 58, the lead engaging member 12 is held 
in a stretched con?guration, thus having a narroWer outer 
diameter than in the relaxed con?guration. The surgeon then 
applies traction to the lead locking device 10“ through the 
mandrel 14 to remove the lead locking device 10“ from the 
lead. Although the preferred embodiment of the lead locking 
device 10 has a press-?t mechanism, and the lead locking 
device 10“ has a snap-?t mechanism, the general concepts of 
the invention are not limited to prestretching the lead 
engaging member in only these Ways. One skilled in the art 
Would recogniZe, based on the above teachings, that numer 
ous other mechanisms may be used. 

[0047] FIGS. 5A and 5B shoW a second preferred 
embodiment of the invention. The lead locking device 64 
has a lead engaging member 66 and a mandrel 68. The 
mandrel 68 is disposed in a lumen de?ned by the lead 
engaging member 66 and attached at the distal end 70 of the 
lead engaging member 66. The lead engaging member 66 is 
preferably attached to the mandrel 68 by adhesive material 
72. A ?llet 74 is attached at an interface betWeen the lead 
engaging member 66 and the distal end 70 of the mandrel to 
form a smoother ?t. In addition, a spherical element 76 may 
be attached to the distal tip 78 of the lead locking device 64 
in order to form a smooth and rounded tip. In the second 
preferred embodiment, the lead engaging member 66 is an 
elastic material such as a rubber material. FIG. 5A shoWs 
the lead engaging member in a stretched con?guration. The 
lead locking device 64 may also employ a press-?t or 
latching mechanism as in the lead locking devices 10 and 
10“, or may be used Without such a mechanism in Which 
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case the surgeon holds the lead locking member 66 in a 
stretched con?guration. Similarly, the lead locking devices 
10 and 10“ may also be used Without the press-?t and 
latching mechanisms, in Which case the surgeon may hold 
the braided lead locking member in a stretched con?guration 
and release it for it to acquire a substantially relaxed 
con?guration. 

[0048] FIG. 5B shoWs the lead engaging member 66 in a 
substantially relaxed con?guration in Which it has a greater 
outer diameter than in the stretched con?guration, as illus 
trated in FIG. 5A. 

[0049] The lead locking device 64 is used in a similar 
manner to the lead locking devices 10, 10‘, and 10“. The 
surgeon stretches the lead engaging member 66, inserts the 
lead engaging member 66 into a lumen de?ned by a lead, 
and releases the lead engaging member 66 such that it takes 
on a substantially relaxed con?guration. The lead engaging 
member 66 in the stretched con?guration has a narroWer 
outer diameter than the diameter of the lumen. Upon releas 
ing the lead engaging member 66 it engages the lead lumen 
and locks onto the lead, along at least 30%, and more 
preferably along the entire length of the lead since it has a 
diameter substantially equal to or greater than the lumen 
diameter in the relaxed con?guration. The surgeon then 
applies traction to the mandrel 68 Which may include an 
attached loop handle. The lead locking device 64 is similarly 
removable from the lead, either before or after the lead is 
removed from the patient’s body. 

[0050] FIG. 6 is an illustration of the third embodiment of 
the invention. The lead locking device 80, according to the 
third embodiment has a mandrel 82 With a coil 84 Wrapped 
therearound. The coil 84 is preferably metal Wire. More 
preferably, the coil 84 is stainless steel Wire. The lead 
locking device 80 has a tightly Wrapped con?guration With 
an outer diameter less than the lumen diameter When it is 
inserted into the lumen de?ned by a lead. After the surgeon 
inserts the lead locking device 80 such that the coil 84 
extends substantially along the entire length of the lead, the 
surgeon rotates the mandrel 82 about a longitudinal axis so 
as to cause the coil 84 to partially unWind, thus obtaining a 
loosely Wound con?guration With an increased diameter. 
The coil 84 in the loosely Wound con?guration locks onto 
the lead along at least about 30%, and more preferably along 
substantially the entire length of the lead by friction or other 
contact forces. The surgeon then applies traction to the 
mandrel 82 to remove the lead from the patient’s body. The 
lead locking device 80 can be removed from the lead either 
before or after the lead is removed from the patient’s body 
by rotating the mandrel in a direction to cause the coil 84 to 
Wind more tightly, thus obtaining a tightly Wound con?gu 
ration. The surgeon then can remove the lead locking device 
80 from the lead by applying traction to the mandrel 82 
Without signi?cant traction being applied to the lead. 

[0051] FIGS. 7A and 7B shoW a fourth embodiment of a 
lead locking device according to the invention. The lead 
locking device 86 according to the fourth embodiment has a 
mandrel 88 and a helical ribbon 90 Wrapped around the 
mandrel 88. The most distal portion 92 of the helical ribbon 
90 is attached to the mandrel 88, preferably by adhesive or 
Welding. The interface betWeen adjacent portions of the 
helical ribbon 90 preferably has an up-slope from the distal 
end 94 to the proximal end 96 of the mandrel Which is an 

Apr. 19, 2001 

acute angle y. Preferably, the angle betWeen all adjacent 
portions of the ribbon meet at a substantially uniform angle 
y. In operation, the surgeon inserts the lead locking device 86 
into a lumen de?ned by a lead until the helical ribbon 90 
extends along at least about 30%, and more preferably 
substantially along the entire lead. The surgeon applies 
traction to the mandrel 88 Which causes the helical ribbon 90 
to partially overlap itself, as illustrated in FIG. 7B. The outer 
diameter of the lead engaging member 90 in the con?gura 
tion illustrated in FIG. 7B is larger than that illustrated in 
FIG. 7A. Consequently, the lead engaging member 90 locks 
onto the lead along at least 30%, and more preferably 
substantially along the entire length of the lead. 

[0052] The surgeon can remove the lead locking device 86 
from the lead, either before or after removing the lead from 
the patient’s body. In order to remove the lead locking 
device 86 from the lead, the surgeon pushes on the mandrel 
82 toWards the distal tip 94. The lead engaging member 90 
then reacquires the con?guration illustrated in FIG. 7A, 
Which permits the surgeon to apply traction on the lead 88 
to remove it from the lead Without it transferring signi?cant 
traction to the lead. 

[0053] Each of the lead locking devices according to the 
third embodiment 80 and the fourth embodiment 86 may 
also have a press-?t or a latch mechanism and may have a 
loop handle as in the ?rst and second embodiments. 

[0054] One skilled in the art Would recogniZe from the 
teachings of the speci?cation that one may provide other 
con?gurations Which include pliable material or expandable 
and contractible lead engaging members Without departing 
from the general scope and spirit of the invention. Further 
more, one skilled in the art Would recogniZe from the above 
teachings that many modi?cations and variations are pos 
sible Without departing from the scope and spirit of the 
invention. 

We claim: 

1. A lead locking device, comprising: 

a lead engaging member having a distal end and a 
proximal end, said lead engaging member de?ning a 
lumen extending along a longitudinal axis betWeen said 
distal end and said proximal end; 

a mandrel disposed in said lumen and attached to said 
distal end of said lead engaging member, said mandrel 
extending along substantially the entire length of said 
lumen and protruding beyond the most proximal end of 
said lead engaging member, 

Wherein said lead engaging member has a ?rst con?gu 
ration While being inserted into a lumen of a lead and 
a second con?guration While engaging said lead from 
Within said lumen of said lead, and 

Wherein said lead engaging member engages said lead 
along at least about 30% of the entire longitudinal 
length of said lumen of said lead. 

2. A lead locking device according to claim 1, Wherein 
said at least 30% of the entire longitudinal length of said 
lumen of said lead includes at least a portion of a proximal 
end and at least a portion of a distal end of said lumen of said 
lead. 
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3. A lead locking device according to claim 1, Wherein 
said at least 30% of the entire longitudinal length of said 
lumen of said lead includes substantially the entire length of 
said lumen of said lead. 

4. A lead locking device according to claim 1, Wherein 
said lead engaging member has a maXimum transverse 
diameter in said ?rst con?guration that is less than substan 
tially all diameters of said lumen of said lead along sub 
stantially the entire length of said lead, and said lead 
engaging member has a transverse diameter in said second 
con?guration that is at least substantially equal to diameters 
of said lumen of said lead along substantially the entire 
length of said lead. 

5. A lead locking device according to claim 4, Wherein 
said lead engaging member is a sheath of elastic material 
that is stretched in said ?rst con?guration and substantially 
relaXed in said second con?guration. 

6. A lead locking device according to claim 4, Wherein 
said lead engaging member is a braided sheath that is 
longitudinally stretched in said ?rst con?guration and sub 
stantially relaXed in said second con?guration. 

7. A lead locking device according to claim 4, Wherein 
said lead engaging member is a Wire coil having a ?rst coil 
Winding diameter in said ?rst con?guration and a second 
coil Winding diameter in said second con?guration, said 
second coil Winding diameter being larger than said ?rst coil 
Winding diameter. 

8. A lead locking device according to claim 4, Wherein 
said lead engaging member is a helical ribbon having a 
substantially nonoverlapping Wrap in the ?rst con?guration 
and a partially overlapping Wrap in the second con?guration. 

9. A lead locking device according to claim 6, further 
comprising a latching mechanism having at least a portion 
attached to said proXimal end of said lead engaging member. 

10. A lead locking device according to claim 9, Wherein 
said latching mechanism has a portion attached to a proXi 
mal portion of said mandrel, said portion of said latching 
mechanism attached to said proXimal end of said lead 
engaging member being selectively and removably attach 
able to said portion of said latching mechanism attached to 
said proXimal portion of said mandrel. 

11. A lead locking device according to claim 10, Wherein 
said portion of said latching mechanism attached to said 
proXimal end of said lead engaging member and said portion 
of said latching mechanism attached to said proXimal por 
tion of said mandrel cooperatively form a snap-?t latching 
mechanism. 

12. A lead locking device according to claim 11, Wherein 
said portion of said latching mechanism attached to said 
proXimal end of said lead engaging member is a ?rst 
hypotube having a detent de?ned by an inner surface, and 
said portion of said latching mechanism attached to said 
proXimal portion of said mandrel has an outer surface 
de?ning an indent, said detent being secured Within said 
indent in a latched con?guration of said latching mecha 
nism. 

13. A lead locking device according to claim 12, further 
comprising: 

a second hypotube slidably disposed over said mandrel, 

Wherein said ?rst hypotube and said second hypotube are 
substantially concentrically arranged With said proXi 
mal end of said lead engaging member being sand 
Wiched and attached therebetWeen. 
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14. A lead locking device according to claim 13, Wherein 
the material of said ?rst and second hypotubes is stainless 
steel. 

15. A lead locking device according to claim 13, further 
comprising a radiopaque member attached to the distal end 
of said lead locking device, 

Wherein substantially all components of said lead locking 
device eXcept said radiopaque member are the same 
material. 

16. A lead locking device according to claim 6, further 
comprising a press ?t mechanism having at least a portion 
attached to said proXimal end of said lead engaging member. 

17. A lead locking device according to claim 16, Wherein 
said portion attached to said proXimal end of said lead 
engaging member has an inner hypotube slidably disposed 
over said mandrel and an outer hypotube disposed substan 
tially concentrically With said inner hypotube and sandWich 
ing at least a portion of said proXimal end of said lead 
engaging member therebetWeen. 

18. A lead locking device according to claim 17, Wherein 
the material of said inner and outer hypotubes is stainless 
steel. 

19. A lead locking device according to claim 16, Wherein 
said mandrel has a crimped portion constructed along a 
region of said mandrel that at least partially coincides With 
said portion of said press ?t mechanism that is attached to 
said proXimal end of said lead engaging member When said 
lead engaging member has said ?rst con?guration. 

20. A lead locking device according to claim 19, Wherein 
said crimped portion of said mandrel opposes sliding said 
portion of said press ?t mechanism both over and off of said 
crimped portion by a force Which is greater than a restoring 
force of the stretched braided sheath. 

21. A lead locking device according to claim 1, Wherein 
the material of said mandrel is stainless steel. 

22. A lead locking device according to claim 21, Wherein 
said mandrel is about 0.011 inch thick along substantially an 
entire length Which is inserted into said lumen of said lead. 

23. A lead locking device according to claim 6, Wherein 
said braided sheath is attached to said mandrel at said distal 
end of said lead engaging member by forming a tip of said 
lead locking device that has a radial thickness in said ?rst 
con?guration of said lead engaging member that is substan 
tially equal to a radial thickness in said second con?guration 
of said lead engaging member. 

24. A lead locking device according to claim 23, Wherein 
said radial thickness of said tip of said lead locking device 
is less than about 0.017 inch. 

25. A lead locking device according to claim 6, further 
comprising: 

a distal band disposed over a portion of said braided 

sheath, 

Wherein said distal band, said mandrel and said braided 
sheath are joined together. 

26. A lead locking device according to claim 25, Wherein 
said distal band comprises platinum and iridium. 

27. A lead locking device according to claim 6, Wherein 
said braided sheath comprises a plurality of ?at Wires. 

28. A lead locking device according to claim 27, Wherein 
said ?at Wires are substantially uniform ?at Wires having 
cross-sectional dimensions of about 0.001 inch by 0.003 
inch. 
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29. A lead locking device according to claim 28, Wherein 
said plurality of ?at Wires is about 16 ?at Wires. 

30. A lead locking device according to claim 6, Wherein 
said braided sheath has an outer diameter of about 0.045 
inch in a substantially relaXed state and an outer diameter of 
about 0.016 inch in said stretched con?guration. 

31. A lead locking device according to claim 29, Wherein 
said braided sheath has an outer diameter of about 0.045 
inch in a substantially relaXed state and an outer diameter of 
about 0.016 inch in said stretched con?guration. 

32. A lead locking device according to claim 6, Wherein 
said braided sheath is at least about 65 cm along said 
longitudinal aXis in said stretched con?guration. 

33. A lead locking device according to claim 6, further 
comprising a loop handle formed at the most proximal end 
of said mandrel. 

34. A lead locking device according to claim 33, Wherein 
said loop handle is a proximal loop that has a portion 
Wrapped around said most proXimal end of said mandrel. 

35. A lead locking device according to claim 34, Wherein 
said proXimal loop hypotube is disposed over said portion of 
said proximal loop that is Wrapped around said most proXi 
mal portion of said mandrel, said proximal loop hypotube 
being crimped. 

36. A lead locking device according to claim 35, Wherein 
said proximal loop comprises annealed stainless steel Wire 
forming a loop handle. 

37. A lead locking device according to claim 36, Wherein 
said stainless steel Wire forming said loop handle is about 
0.020 inch thick. 

38. A method of removing a lead implanted in a patient’s 
body, comprising: 

inserting a lead locking device into a lumen de?ned by 
said lead, said lead locking device comprising an 
elastic lead engaging member that eXtends along sub 
stantially the entire length of said lead, said elastic lead 
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engaging member having a narroWer radial dimension 
in a longitudinally stretched con?guration than in a 
relaXed con?guration, Wherein said elastic lead engag 
ing member is in said longitudinally stretched con?gu 
ration during said inserting said lead locking device; 

releasing said elastic lead engaging member of said lead 
locking device, Wherein said elastic lead engaging 
member returns to a substantially relaXed con?guration 
after being released, said elastic lead engaging member 
having a relaXed radial dimension that is substantially 
equal to an inner diameter of said lumen of said lead; 
and 

applying traction to said lead locking device, 

Wherein said elastic lead engaging member engages said 
lead along substantially the entire longitudinal length of 
said lead. 

39. A method of removing a lead implanted in a patient’s 
body according to claim 38, further comprising: 

longitudinally stretching said elastic lead engaging mem 
ber prior to removing said lead from said patient’s 
body; and 

removing said lead locking device from said lumen of 
said lead. 

40. A method of removing a lead implanted in a patient’s 
body according to claim 39, further comprising: 

reinserting said lead locking device back into said lumen 
de?ned by said lead; 

releasing said elastic lead engaging member of said lead 
locking device after said reinserting said lead locking 
device; and 

applying traction to said lead locking device. 

* * * * * 


