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(57) ABSTRACT 

An extraction device for removing an implanted structure, 
such as a cardiac lead, from a body vessel. An elongated 
sheath having a proximal end, a distal end, and a passageway 
extending therethrough is siZed such that at least a distal 
portion of the sheath is receivable in the body vessel. A tip 
con?gured for disassociating at least a portion of the 
implanted structure from the body vessel is engaged at the 
distal end of the sheath. A handle is con?gured for engage 
ment With the proximal end of the sheath. The handle 
includes an actuator and a drive mechanism responsive to 
the actuator for selectively translating input of the actuator 
into rotary movement and/or axial advancement of the 
sheath. 



Patent Application Publication Oct. 19, 2006 Sheet 1 0f 16 US 2006/0235431 A1 



Patent Application Publication Oct. 19, 2006 Sheet 2 0f 16 US 2006/0235431 A1 

28 



Patent Application Publication Oct. 19, 2006 Sheet 3 0f 16 US 2006/0235431 A1 



Patent Application Publication Oct. 19, 2006 Sheet 4 0f 16 US 2006/0235431 A1 

FIG. 5 



Patent Application Publication Oct. 19, 2006 Sheet 5 0f 16 US 2006/0235431 A1 

I 

%A 
V 

I03 

I07 82 

82 

FIG‘. 8 - FIG 7 
I06 96 

8'6 92 84 
98 



Patent Application Publication Oct. 19, 2006 Sheet 6 0f 16 US 2006/0235431 A1 

0. .wE . _ a . 



Patent Application Publication Oct. 19, 2006 Sheet 7 0f 16 US 2006/0235431 A1 

N. .OE 

\Im 

(‘-21 
mm 

"A w 8\ mm 



No. 

,2 .QE 0 

US 2006/0235431 A1 

m: V . N m: 

Q: 

N: 

E . 

m: _ i 

m: . A. v? / v NN. 

:. BK \ O i. N: / 

2 .0E . 

8. .2 Nu . on. 0: 

Patent Application Publication Oct. 19, 2006 Sheet 8 0f 16 



Patent Application Publication Oct. 19, 2006 Sheet 9 0f 16 US 2006/0235431 A1 



Patent Application Publication Oct. 19, 2006 Sheet 10 0f 16 US 2006/0235431 Al 



Patent Application Publication Oct. 19, 2006 Sheet 11 0f 16 US 2006/0235431 A1 



Patent Application Publication Oct. 19, 2006 Sheet 12 0f 16 US 2006/0235431 A1 



Patent Application Publication Oct. 19, 2006 Sheet 13 0f 16 US 2006/0235431 A1 







Patent Application Publication Oct. 19, 2006 Sheet 16 0f 16 US 2006/0235431 A1 

6 2 m. F 



US 2006/0235431 A1 

LEAD EXTRACTION DEVICE 

RELATED APPLICATION 

[0001] The present patent document claims the bene?t of 
the ?ling date under 35 U.S.C. §119(e) of Provisional US. 
Patent Application Ser. No. 60/671,858, ?led Apr. 15, 2005, 
Which is hereby incorporated by reference. 

BACKGROUND 

[0002] 
[0003] This invention relates generally to devices for use 
in the medical arts. More particularly, the invention relates 
to devices for separating an implanted elongated structure, 
such as an implanted electrical pacemaker or de?brillator 
lead, from encapsulating biological tissue. 

[0004] 2. Background Information 

1. Technical Field 

[0005] A variety of medical treatments and surgical meth 
ods entail implanting an elongated structure in the body of 
a human or veterinary patient. Examples of such elongated 
structures include catheters, sheaths and cardiac electrical 
leads (such as pacemaker leads and de?brillator leads), as 
Well as a variety of other devices. Over time, it can become 
necessary or desirable to remove the implanted elongated 
structure from the body of the patient. HoWever, if the 
elongated structure has been implanted for an extended 
period of time, encapsulating biological tissue can groW 
around the elongated structure, making it di?icult to remove 
the structure from the encapsulating tissue. 

[0006] A heart pacemaker is typically implanted in a 
subcutaneous tissue pocket in the chest Wall of a patient. A 
pacemaker lead extends from the pacemaker through a vein 
into a chamber of the patient’s heart. The pacemaker lead 
commonly includes a conductor, such as an electrical Wire 
coil, for conducting electrical signals (such as stimulating 
and/or sensing signals) betWeen the pacemaker and the 
heart. Leads for de?brillators are generally similar to pace 
maker leads, and are positioned about the heart. De?brillator 
leads may be a?ixed either internally or externally of the 
heart. 

[0007] Some leads include one or more coaxial or lateral 
helical Wire coils having a holloW inner passageWay that 
extends the entire length of the Wire coil or coils. Other leads 
may be made With a cable Without a holloW inner passage 
Way. The Wire coils are surrounded by an electrically insu 
lating material such as a ?exible tube, sheath or coating. The 
insulating material, generally formed of silicone or polyure 
thane, serves to simultaneously protect the Wire coils from 
body ?uids and insulate the Wire coils from one another. 

[0008] While cardiac electrical leads typically have a 
useful life of many years, over time such leads may become 
encapsulated by ?brotic tissue against the heart itself or the 
Wall of the vein, or against other surrounding tissue. Encap 
sulation is especially encountered in areas Where the veloc 
ity of the ?oW of blood is loW. The ?brotic tissue can be very 
tough, Which makes it difficult to remove the lead from the 
area of the heart Without causing trauma to the area. When 
small diameter veins through Which a pacemaker lead passes 
become occluded With ?brotic tissue, separation of the lead 
from the vein can cause severe damage to the vein, including 
the possible dissection or perforation of the vein. In such 
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cases, separation of the lead from the vein is usually not 
possible Without restricting or containing movement of the 
lead, i.e., ?xing the lead in position With respect to the 
patient, in particular, With respect to the patient’s vein. 

[0009] To avoid this and other possible complications, 
some useless pacemaker or other leads are simply left in the 
patient When the pacemaker or de?brillator is removed or 
replaced. HoWever, such a practice can incur the risk of an 
undetected lead thrombosis, Which can result in stroke, heart 
attack, or pulmonary embolism. Such a practice can also 
impair heart function, as plural leads can restrict the heart 
valves through Which they pass. 

[0010] There are many other reasons Why removal of a 
useless lead may be desirable. For example, if there are too 
many leads positioned in a vein, the vein can be obstructed 
to the extent that ?uid ?oW through the vein is severely 
compromised. In addition, multiple leads can be incompat 
ible With one another, thereby interfering With the pacing or 
de?brillating function. An inoperative lead can migrate 
during introduction of an adjacent second lead, and 
mechanically induce ventricular arrhythmia. Other poten 
tially life-threatening complications can require the removal 
of the lead as Well. For example, removal of an infected 
pacemaker lead may be desirable so as to avoid conditions 
such as septicemia or endocarditis. 

[0011] Surgical removal of a heart lead in such circum 
stances often involves open heart surgery. HoWever, open 
heart surgery is accompanied by signi?cant risk and cost to 
the patient, as Well as a potential for unintended complica 
tions. A variety of methods and apparatuses have been 
devised as alternatives to open heart surgery for heart lead 
removal. Several of these methods and apparatuses are 
described in related patents, such as US. Pat. No. 5,697,936, 
titled “Device for Removing an Elongated Structure 
Implanted in Biological Tissue”; US. Pat. No. 5,507,751, 
titled “Locally Flexible Dilator Sheath”; US. Pat. No. 
5,632,749, titled “Apparatus for Removing an Elongated 
Structure Implanted in Biological Tissue”; US. Pat. No. 
5,207,683, titled “Apparatus for Removing an Elongated 
Structure Implanted in Biological Tissue”; US. Pat. No. 
4,943,289, titled “Apparatus for Removing an Elongated 
Structure Implanted in Biological Tissue”; US. Pat. No. 
5,011,482, titled “Apparatus for Removing an Elongated 
Structure Implanted in Biological Tissue”; US. Pat. No. 
5,013,310, titled “Method and Apparatus for Removing an 
Implanted Pacemaker Lead”; US. Pat. No. 4,988,347, titled 
“Method and Apparatus for Separating a Coiled Structure 
from Biological Tissue”; US. Pat. No. 5,423,806, titled 
“Laser Extractor for an Implanted Object”; US. Pat. No. 
6,419,974, titled “Radio Frequency Dilator Sheath”, and 
US. Pat. Nos. 6,687,548 and 6,712,826, each titled “Appa 
ratus for Removing an Elongated Structure Implanted in 
Biological Tissue”, among others. Each of the aforemen 
tioned patents is incorporated by reference as if fully set 
forth herein. 

[0012] Most of the aforementioned patents describe 
manual, or mechanical, devices that are used for removing 
an implanted structure, such as a pacemaker lead. Others 
describe neWer non-mechanical techniques, such as laser 
extraction and radio frequency extraction. These neWer 
techniques have been effective in many cases When the 
amount and/or placement of ?brous groWth that surrounds 



US 2006/0235431 Al 

the implanted lead renders manual extraction di?icult or 
impossible. One example of an effective device that uses 
radio frequency extraction to enable the physician to cut 
aWay the heavy growth is the PERFECTA® electrosurgical 
dissection sheath, available from Cook Vascular Incorpo 
rated, of Leechburg, Pa. The PERFECTA® sheath utiliZes 
an intermittent discrete RF dissecting arc betWeen bipolar 
electrodes located at the sheath’s distal end. This sheath 
enables the physician to separate, With directed precision, a 
transvenous lead from its ?brous binding attachments. 

[0013] Although the prior art devices have been found to 
be reasonably effective in many situations, physicians con 
tinue to encounter particularly di?icult situations in Which 
existing extraction devices provide unsatisfactory or incon 
sistent results. Due to the multiplicity of factors that may 
contribute to the di?iculty in extracting an implanted lead, a 
technique that may be effective in one instance, may not 
provide similarly successful results in another instance. For 
example, manual devices normally are provided With single 
or telescoping ?exible sheaths. Such sheaths, generally 
formed from a polymer, have the ?exibility to enable the 
sheath to traverse tortuous pathWays in the vessel. HoWever, 
such sheaths may lack su?icient strength to cut through 
particularly tough tissue groWth and calci?cation around the 
implanted lead. Laser and radio frequency devices normally 
utiliZe metallic sheaths. Such sheaths provide a good deal of 
strength to enable the sheath to cut through ?brous groWths. 
HoWever, some groWths are resistant to metallic sheaths, and 
these sheaths may also lack the ?exibility desired to maneu 
ver tortuous pathWays. 

[0014] It Would be desirable to provide a lead extraction 
device that is effective for removing implanted leads from a 
vessel, that is easy to operate, and that is versatile enough to 
overcome many of the obstacles that may be encountered in 
such operations With existing devices. 

BRIEF SUMMARY 

[0015] The problems of the prior art are addressed by the 
inventive lead extraction device. In one form thereof, the 
invention comprises a device for removing an implanted 
structure from a body vessel. The device comprises an 
elongated sheath having a proximal end, a distal end, and a 
passageWay extending therethrough. The sheath is siZed 
such that at least a distal portion of the sheath is receivable 
in the body vessel, and the passageWay is siZed such that the 
implanted structure is receivable therein. A handle is con 
?gured for engagement With the sheath proximal end. The 
handle includes an actuator and a drive mechanism respon 
sive to the actuator. The drive mechanism is operable for 
selectively translating input of the actuator into rotary move 
ment and/ or axial advancement of the sheath. 

[0016] In another form thereof, the invention comprises a 
device for removing an implanted structure from an obstruc 
tion in a body vessel, Which device comprises a handle and 
an elongated sheath assembly engaged With the handle. The 
handle and the elongated sheath assembly are aligned to 
de?ne a passageWay therethrough for receiving the 
implanted structure. The sheath assembly comprises a radi 
ally inner ?rst sheath, a second sheath overlying the ?rst 
sheath and having a cutting tip a?ixed at its distal end, and 
a ?exible member engaged With the ?rst sheath for provid 
ing spring action to the ?rst sheath. The ?rst sheath is axially 
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movable relative to the second sheath. The respective ?rst 
and second sheaths are siZed such that the distal end of the 
?rst sheath extends distally beyond the distal end of the 
second sheath When no obstruction is encountered, and the 
distal ends of the respective ?rst and second sheaths extend 
substantially the same length in the distal direction When an 
obstruction is encountered. 

[0017] In yet another form thereof, the invention com 
prises a device for removing an implanted structure from a 
body vessel. The device comprises a striker mechanism 
comprising an axially movable elongated body having a 
leading edge at a distal end thereof, a bias member carried 
by the elongated body, Which bias member is capable of 
compression upon axial movement of the elongated body in 
a proximal direction and of generating an axial spring force 
in a distal direction upon release of the compression, and a 
stop member for limiting axial movement of said elongated 
body in the distal direction. A ?ange is positioned for 
engagement With the elongated body leading edge upon 
generation of the axial spring force, and for transmitting the 
axial spring force in the distal direction. An elongated 
member is positioned for receiving the transmitted axial 
spring force from the ?ange member, such that incremental 
axial movement of the elongated member in the distal 
direction is generated thereby. The elongated member has a 
tip at a distal end thereof con?gured for separating the 
implanted structure from the vessel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a perspective vieW of one embodiment of 
a lead extraction device of the present invention; 

[0019] FIG. 2 is a perspective vieW of the handle of the 
lead extraction device of FIG. 1, With a portion of the outer 
Wall removed to illustrate the inner components of the 
handle; 
[0020] FIG. 3 is a vieW of the translation device removed 
from the handle of the lead extraction device; 

[0021] FIG. 4 is a vieW shoWing the handle and sheath of 
the lead extraction device prior to assembly; 

[0022] FIG. 5 is a vieW of the reverse side ofan embodi 
ment of a lead extraction device including a poWer supply; 

[0023] FIG. 6 is a perspective vieW of another embodi 
ment of a lead extraction device according to the present 
invention; 
[0024] FIG. 7 is a longitudinal sectional vieW of the lead 
extraction device of FIG. 6; 

[0025] FIG. 8 is an enlarged vieW of a portion of the 
device as shoWn in FIG. 7, illustrating the joinder of the 
sheath assembly and the handle; 

[0026] FIG. 9 is an enlarged sectional vieW of the sheath 
assembly, taken along lines 9-9 of FIG. 10; 

[0027] FIG. 10 is an enlarged side vieW of the sheath 
assembly portion of the lead extraction device of FIG. 6; 

[0028] FIG. 11 is a side vieW of the sheath assembly, 
partially broken aWay to illustrate the cutting tip; 

[0029] FIG. 12 is a vieW, partially in section, taken along 
line 12-12 of FIG. 11 shoWing the cutting tip, and also 
illustrating the handle nose portion; 
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[0030] FIG. 13 is a side vieW of another embodiment of 
a lead extraction device according to the present invention; 

[0031] FIG. 14 is a sectional vieW taken along lines 14-14 
of FIG. 13; 

[0032] FIG. 15 is a sectional vieW of the lead extraction 
device of FIG. 13, With the striker shoWn in a retracted 
position; 
[0033] FIG. 16 is a perspective vieW of the lead extraction 
device of FIG. 13, With portions cut aWay to illustrate 
internal operating features of the device; 

[0034] FIG. 17 is an exploded vieW of the lead extraction 
device of FIG. 13; 

[0035] FIG. 18 is a perspective vieW of one embodiment 
of a distal tip for a lead extraction device; and 

[0036] FIGS. 19-26 are perspective vieWs of additional 
embodiments of a distal tip for a lead extraction device. 

DETAILED DESCRIPTION OF THE DRAWINGS 
AND THE PRESENTLY PREFERRED 

EMBODIMENTS 

[0037] For the purposes of promoting an understanding of 
the principles of the invention, reference Will noW be made 
to the embodiments illustrated in the draWings, and speci?c 
language Will be used to describe the same. It should 
nevertheless be understood that no limitation of the scope of 
the invention is thereby intended, such alterations and fur 
ther modi?cations in the illustrated device, and such further 
applications of the principles of the invention as illustrated 
therein being contemplated as Would normally occur to one 
skilled in the art to Which the invention relates. 

[0038] The present invention relates to an extraction 
device for extracting an elongated structure that has previ 
ously been implanted into a patient. The present invention 
also relates to novel tips that may be utiliZed With an 
extraction device. In the folloWing discussion, the terms 
“proximal” and “distal” Will be used to describe the oppos 
ing axial ends of the device, as Well as the axial ends of 
various component features of the device. The term “proxi 
mal” is used in its conventional sense to refer to the end of 
the device (or component thereof) that is closest to the 
operator during use of the device. The term “distal” is used 
in its conventional sense to refer to the end of the device (or 
component) that is at the greatest distance from the operator, 
or that is initially inserted into the patient. 

[0039] The implanted elongated structure targeted for 
removal may comprise a cardiac lead. A cardiac lead, as the 
term is used herein, refers to a lead that is used in connection 
With a heart-related device. Non-limiting examples of car 
diac leads that may be removed by the inventive device 
include pacemaker leads, de?brillator leads, coronary sinus 
leads, and left ventricular pacing leads. When the device is 
used to remove a cardiac pacemaker lead, the distal end of 
the cardiac lead Will normally be located Within the vascular 
system of the patient, and in particular, Within a chamber of 
the patient’s heart (such as in an atrium or ventricle of the 
heart). When the implanted elongated structure is a de?bril 
lator lead, the distal end of the structure may be located 
either in or about the heart of the patient. The distal ends of 
other types of implanted elongated structures targeted for 
removal may not necessarily be near the heart. 
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[0040] In addition to cardiac leads, the invention may also 
be used in the removal of other devices or leads, such as 
neurological pacing and stimulation leads. A non-limiting 
list of still other structures that can be removed by the 
inventive device includes implanted catheters, sheaths, can 
nulae and the like. For convenience, the folloWing discus 
sion Will refer to the removal of a cardiac lead, such as a 
pacemaker or a de?brillator lead. HoWever it should be 
understood that this is no Way intended to be a limitation on 
the scope of the invention, and that the device may be 
suitable for removal of at least the other elongated structures 
referred to above. 

[0041] Typically, a cardiac lead comprises an inner core, 
comprising a cable or a coil, surrounded by a layer of 
insulating material. As explained previously, some cardiac 
leads have a lumen extending therethrough, While others 
(i.e., “lumenless” leads) do not. The extraction devices of the 
present invention are useful for extracting implanted leads 
having a lumen, as Well as lumenless leads. When an 
inventive device is to be used for removal of a cardiac lead, 
those skilled in the art Will appreciate that the lead should 
initially be severed from the control device, such as the 
pacemaker or de?brillator, prior to any attempts to remove 
the lead. The control device Will normally have a much 
larger diameter than the remainder of the lead, and thus only 
an unreasonably large dilator sheath could ?t over the 
control device. 

[0042] FIG. 1 depicts a perspective vieW of a preferred 
embodiment of a lead extraction device 10 for use in 
separating an encapsulated elongated structure, such as a 
cardiac electrical lead, from biological tissue. When a car 
diac lead is implanted in a vessel, all or a portion of the 
elongated structure of the lead may become encapsulated 
over time by ?brotic biological tissue that groWs against the 
Wall of the vessel or surrounding tissue. The inventive lead 
extraction device 10 is particularly useful for removing the 
encapsulated cardiac lead from the vein of a patient. In the 
embodiment shoWn, lead extraction device 10 comprises a 
handle 12, a sheath 14 extending distally from handle 12, 
and a cutting tip 16 at a distal end of the sheath. As shoWn 
in the ?gure, an optional strain relief 15 may be provided at 
the proximal end of sheath 14 to inhibit kinking of the 
sheath. 

[0043] FIG. 2 is a perspective vieW of handle 12. Outer 
handle Wall 22 has been removed from this ?gure to alloW 
visualiZation of the internal features of the handle. Handle 
12 comprises opposing Wall members 22 (FIG. 1) and 24. 
Wall members 22, 24 are connected via a snap ?t or other 
conventional mechanism. In the embodiment shoWn, Wall 
member 24 includes a plurality of transverse pegs 26 that are 
received in corresponding receptacles (not shoWn) in Wall 
member 22 When the Walls are snapped or otherWise ?tted 
together in Well-knoWn fashion. Preferably, handle 12 has an 
ergonomically shaped grip 28, as shoWn in the ?gures. If 
desired ergonomic grip 28 may also include a plurality of 
ribs 29 spaced along a hand-engaging surface of grip 28. 

[0044] In the embodiment of the handle shoWn in FIGS. 
2 and 3, handle 12 includes a translation mechanism 34. For 
ease of vieWing, translation mechanism 34 is removed from 
the Wall members of handle 12 in FIG. 3. Translation 
mechanism 34 utiliZes a rack and gear structure to translate 
linear motion generated upon pull of an actuator, such as 
















