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(57) ABSTRACT 

A tissue evacuation device may be designed to provide a 
high-energy ?uid (e. g., a heated vapor) to targeted tissue for 
breaking doWn the targeted tissue, such as the nucleus of an 
intervertebral disc. An inner tube positioned Within an outer 
tube, having a noZZle coupled to distal ends of the tubes, 
having a heating element positioned between the inner and 
outer tubes, delivers a heated vapor through a port to the 
noZZle to break doWn tissue. After the nucleus or other 
targeted tissue is broken doWn, the tissue evacuation device 
may also remove some or all of the broken doWn tissue. 
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TISSUE EVACUATION DEVICE 

RELATED APPLICATIONS 

[0001] This application claims priority to commonly 
assigned US. Provisional Application Ser. No. 60/705,081, 
entitled “Tissue VaporiZation Instrument,” ?led Aug. 3, 
2005; and US. Provisional Application Ser. No. 60/720,975, 
entitled “Tissue Evacuation Device,” ?led Sep. 27, 2005, 
and US. Provisional Application Ser. No. 60/780,924, 
entitled “Tissue Evacuation Device,” ?led Mar. 9, 2006, and 
US. Provisional Application Ser. No. 60/814,937, entitled 
“Tissue Evacuation Device,” ?led Jun. 19, 2006, all of 
Which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] This patent application relates to a medical instru 
ment and, more particularly, to a surgical instrument for 
vaporizing tissue. 

BACKGROUND 

[0003] A variety of spinal surgeries, such as nucleus 
replacement, spinal fusion, and arti?cial disc replacement, 
include removing the nucleus of an intervertebral disc in a 
procedure called a nuclectomy. An intervertebral disc 
includes a nucleus and an annulus. The nucleus is a soft 
caliginous center of the disc, and the annulus is a harder 
caliginous outer ring of the disc. Accordingly, there is a 
difference in the composition of nucleus tissue and annulus 
tissue. During a nuclectomy, it is important that the surgeon 
removes the nucleus Without damaging the annulus or the 
endplates of the adjacent vertebral bodies. HoWever, per 
forming a nuclectomy While minimiZing or eliminating 
damage to surrounding tissues is a dif?cult task. 

SUMMARY 

[0004] A tissue evacuation device may be designed to 
provide a high-energy ?uid (e. g., a heated vapor) to targeted 
tissue for breaking doWn the targeted tissue, such as the 
nucleus of an intervertebral disc. An inner tube positioned 
Within an outer tube, having a noZZle coupled to distal ends 
of the tubes, having a heating element positioned betWeen 
the inner and outer tubes, delivers a heated vapor through a 
port to the noZZle to break doWn tissue. After the nucleus or 
other targeted tissue is broken doWn, the tissue evacuation 
device may also remove some or all of the broken doWn 
tissue. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] For a more complete understanding of the embodi 
ments herein and the advantages thereof, reference is noW 
made to the folloWing descriptions taken in conjunction With 
the accompanying draWings, in Which: 

[0006] FIG. 1 is a perspective vieW of one embodiment of 
a tissue evacuation device. 

[0007] FIG. 2 is a side cross-sectional vieW of the tissue 
evacuation device of FIG. 1. 

[0008] FIG. 3 is a detailed side cross-sectional vieW of the 
distal portion of the tissue evacuation device of FIG. 1. 

[0009] FIG. 4 is a detailed side cross-sectional vieW of the 
proximal portion of the tissue evacuation device of FIG. 1. 
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[0010] FIG. 5 is a front cross-sectional vieW of the tissue 
evacuation device of FIG. 4 taken along line 5-5. 

[0011] FIG. 6 is a side vieW of another embodiment of a 
tissue evacuation device. 

[0012] FIG. 7 is a side cross-sectional vieW of the tissue 
evacuation device of FIG. 6. 

[0013] FIG. 8 is a detailed side cross-sectional vieW of the 
distal portion of the tissue evacuation device of FIG. 6. 

[0014] FIG. 9 is a detailed side cross-sectional vieW of the 
proximal portion of the tissue evacuation device of FIG. 6. 

[0015] FIG. 10 is a front cross-sectional vieW of the tissue 
evacuation device of FIG. 6 taken along line 10-10. 

[0016] FIG. 11 is a side vieW of another embodiment ofa 
tissue evacuation device. 

[0017] FIG. 12 is a diagram illustrating a portion of a 
tissue evacuation device removing nucleus tissue. 

[0018] FIG. 13 is a perspective vieW of another embodi 
ment of a tissue evacuation device. 

[0019] FIG. 14 is a cross-sectional vieW of the distal end 
of the tissue evacuation device of FIG. 13 taken along line 
14-14. 

[0020] FIG. 15 is a perspective vieW of another embodi 
ment of a tissue evacuation device. 

[0021] FIG. 16 is a cross-sectional vieW of the tissue 
evacuation device of FIG. 15. 

[0022] FIG. 17 is a perspective, cross-sectional vieW of 
one embodiment of an assembly housing that may be used 
With a tissue evacuation device. 

[0023] FIG. 18 is a perspective, cross-sectional vieW of the 
assembly housing of FIG. 17 taken along line 18-18. 

[0024] FIG. 19 is a diagram of one embodiment of a 
circuit that may be used to control a tissue evacuation 
device. 

[0025] FIG. 20 is a diagram illustrating a tissue evacuation 
device removing nucleus tissue. 

[0026] FIG. 21 is a perspective vieW of one embodiment 
of a noZZle that may be used With a tissue evacuation device. 

[0027] FIG. 22 is a perspective vieW of another embodi 
ment of a noZZle that may be used With a tissue evacuation 
device. 

[0028] FIG. 23 is a perspective vieW of yet another 
embodiment of a noZZle that may be used With a tissue 
evacuation device. 

[0029] FIG. 24 is a perspective vieW of still another 
embodiment of a noZZle that may be used With a tissue 
evacuation device. 

[0030] FIGS. 25A-25B are side and top vieWs, respec 
tively, of an embodiment of a scraper that may be used With 
a tissue evacuation device. 

DETAILED DESCRIPTION 

[0031] In the folloWing discussion, numerous speci?c 
details are set forth to provide a thorough understanding of 
the present invention. HoWever, those skilled in the art Will 



US 2007/0032785 A1 

appreciate that the present invention may be practiced 
Without such speci?c details. Furthermore, it is understood 
that the following disclosure provides many different 
embodiments or examples. Speci?c examples of compo 
nents and arrangements are described beloW to simplify the 
present disclosure. These are, of course, merely examples 
and are not intended to be limiting. In addition, the present 
disclosure may repeat reference numerals and/or letters in 
the various examples. This repetition is for the purpose of 
simplicity and clarity and does not in itself dictate a rela 
tionship betWeen the various embodiments and/or con?gu 
rations discussed. 

[0032] Referring to FIG. 1, in one embodiment, a tissue 
evacuation device 100 is illustrated. The tissue evacuation 
device 100 may be designed to provide a high-energy ?uid 
(e.g., a heated vapor) to targeted tissue for breaking doWn 
the targeted tissue, such as the nucleus of an intervertebral 
disc. After the nucleus or other targeted tissue is broken 
doWn, the tissue evacuation device 100 may also remove 
some or all of the broken doWn tissue. 

[0033] The tissue evacuation device 100 may have an 
assembly housing 102 located on the proximal end of the 
device (from the perspective of a user) that may be used as 
a grip. The assembly housing 102, Which Will be discussed 
in greater detail With respect to FIG. 4, may include one or 
more external connectors (i.e., ?ttings or couplings) for 
supplying poWer, ?uid, and/or pressure to the tissue evacu 
ation device 100. In the present example, such connectors 
may include a ?uid connector 104, a poWer (electrical) 
connector 106, and a vacuum connector 108. 

[0034] The assembly housing 102 may be coupled to a 
collar attachment 110 that couples the assembly housing 102 
to an outer tube 112. The outer tube 112 may serve as a 

device extension cannula to provide access for the high 
energy ?uid into tissue such as the nucleus. An evaporation 
chamber portion 114, Which may be separate from or inte 
gral With the outer tube 112, may be positioned near the 
distal end of the outer tube 112. As Will be described later in 
greater detail, the evaporation chamber 114 is Where a ?uid 
provided to the tissue evacuation device 100 may transition 
from a liquid state to a high-energy vapor state. AnoZZle 116 
may be located at the distal end of the outer tube 112 and 
may be con?gured to provide the high-energy vapor to the 
targeted tissue via one or more channels. In the present 
example, the noZZle 116 may include a vacuum opening for 
the evacuation of tissue. 

[0035] Referring to FIG. 2, a cross-sectional vieW of the 
tissue evacuation device 100 of FIG. 1 is illustrated. Each 
portion of the tissue evacuation device is described beloW in 
greater detail, and so is not described With respect to the 
present ?gure. More speci?cally, the distal section (encom 
passing the evaporation chamber 114 and the noZZle 116) is 
described With respect to FIG. 3 and the proximal section 
(encompassing the assembly housing 102 and collar attach 
ment 110) is described With respect to FIG. 4. 

[0036] Referring to FIG. 3, the distal section of FIG. 2 is 
enlarged to illustrate a cross-sectional vieW of the outer tube 
112, evaporation chamber 114, and noZZle 116 in greater 
detail. In the present example, the outer tube may be formed 
at least partially of an electrically conductive material (e.g., 
a metal). The conductive material of the outer tube 112 may 
be relatively thin from the assembly housing 102 until it 
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nears the distal portion of the outer tube 112 Where the 
evaporation chamber 114 is located. At this point, the 
conductive material may be thicker to form an electrode 307. 
Alternatively, the conductive material forming the outer tube 
112 may be a single thickness throughout and/or may 
connect to an electrode (e.g., the electrode 307) that is not 
formed from the outer tube 112. It is understood that, in 
some embodiments, the outer tube 112 may contain no 
conductive material and other means (e.g., a Wire integrated 
into or running along the outer tube) may be used for 
transferring voltage to the distal end of the tissue evacuation 
device 100. 

[0037] An inner tube 302 may be positioned Within the 
outer tube 112. In the present example, the exterior of the 
inner tube 302 may be approximately equidistant from the 
interior of the outer tube 112 (e.g., the inner and outer tubes 
are concentric circles), but other con?gurations may be used. 
Like the outer tube 112, the inner tube 302 may also be 
formed at least partially from a conductive material. The 
interior of the inner tube 302 may be substantially holloW 
and may provide a path for a vacuum betWeen the distal end 
of the tissue evacuation device 100 and the assembly hous 
ing 102. An outer electrode Wire 304 may connect the outer 
tube 112 (or the conductive portion of the outer tube) to a 
poWer source. 

[0038] Insulation material 308 may be positioned betWeen 
the inner tube 302 and outer tube 112 for at least a portion 
of the length of each tube, and may stop at approximately the 
evaporation chamber 114. The insulation material 308 may 
minimiZe or prevent electrical current from moving betWeen 
the electrodes formed by the outer tube 112 and inner tube 
302 When voltage is applied to the outer electrode Wire 304 
and an inner electrode Wire 407 (FIG. 4). 

[0039] One or more ?uid spaces 310 may be provided 
Within the evaporation chamber 114. The ?uid space 310 
may be connected to the ?uid connector 106 of the assembly 
housing 102 via a channel or conduit 312 positioned 
betWeen the inner tube 302 and outer tube 112. It is 
understood that the conduit 312 may form part of the ?uid 
space 310 or may be separated from the ?uid space (e.g., by 
a valve or other ?uid control means). 

[0040] A porous material 314 may be positioned proxi 
mate to the conductive material of the inner tube 302 and 
outer tube 112. It is noted that the insulation material 308 
may be positioned so as not to insulate the area covered by 
the porous material 314. The porous material 314, Which 
may be a ceramic open-cell porous material, may be posi 
tioned Within or coupled to the ?uid space 310 and may 
serve as a capillary ?uid container. Accordingly, ?uid from 
the ?uid space 310 may enter the porous material 314. The 
porous material 314 may be selected to accommodate vari 
ous requirements, such as reducing arcing that may occur 
betWeen the inner tube 302 and outer tube 112 When voltage 
is applied. 
[0041] The noZZle 116 may include one or more vapor 
conduits 316 coupling the evaporation chamber (e.g., the 
porous material 314) With one or more noZZle holes 318. The 
particular con?guration of the noZZle 116 may vary. For 
example, a single vapor conduit 316 may be coupled to 
multiple noZZle holes 318, multiple vapor conduits may be 
coupled to a single noZZle hole, or there may be a one to one 
correspondence betWeen the vapor conduits and the noZZle 
holes. 
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[0042] It is understood that the use of terms such as 
“evaporation chamber” and “nozzle” are for purposes of 
illustration through the present disclosure and are not meant 
to limit the present disclosure by requiring that certain 
components be positioned Within a particular section. For 
example, some overlap may occur betWeen the evaporation 
chamber and the noZZle and such overlap may depend 
largely on the particular embodiment of the tissue extraction 
instrument. 

[0043] Referring to FIG. 4, the proximal section of FIG. 2 
is enlarged to illustrate a cross-sectional vieW of the assem 
bly housing 102 and collar attachment 110 in greater detail. 
As described previously, the assembly housing 102 may 
include the ?uid connector 104, the electrical connector 106, 
and the vacuum connector 108. It is noted that the outer tube 
112 may enter and be supported by the collar attachment 110 
but may not extend into the assembly housing 102, While the 
inner tube 302 may extend through at least a portion of the 
assembly housing 102. An o-ring 402 may provide a seal 
betWeen the collar attachment 110 and the outer tube 112. A 
shoulder 404 may provide an attachment ?ange for outer 
tube 112. For example, the shoulder 404 may have a ?tting 
that couples to outer tube 112 or the shoulder 404 may be 
Welded to outer tube 112 and then attached to collar attach 
ment 110. The collar may be removable and, in some 
embodiments, may contain fastening mechanisms that alloW 
for the attachment and detachment of the outer tube 112 
and/ or other components. 

[0044] The ?uid connector 104 may couple an external 
?uid source (not shoWn) to the ?uid space 310 via a valve 
405 and the conduit 312 (FIG. 3). The ?uid may be supplied 
as a liquid to the ?uid space 310 and converted to a gas in 
the evaporation chamber 114. In some embodiments, the 
?uid connector 104 may include a tailored (e.g., barbed) 
?tting for connection. 

[0045] The electrical connector 106 may provide poWer 
for a bipolar electrode set (positive and negative electrodes) 
formed from outer tube 112 and inner tube 302. More 
speci?cally, the electrical connector 106 may couple the 
outer electrode Wire 304 to a poWer source to provide poWer 
to the outer tube 112. In the present embodiment, the outer 
electrode Wire 304 may connect directly to the proximal end 
of the outer tube 112. The electrical connector 106 may also 
couple an inner electrode Wire 407 to the poWer source to 
provide poWer to the inner tube 302. In the present embodi 
ment, the inner electrode Wire 407 may connect to a collar 
406 that is coupled to the inner tube 302. The collar 406 may 
be conductive or may contain conductive elements that 
transfer voltage from the inner electrode Wire 407 to the 
inner tube 302. In other embodiments, the inner electrode 
Wire 407 may be coupled directly to the inner tube 302. 
Various Wire fasteners/guides, such as a Wire retainer 408 
used for outer electrode Wire 304, may be used to seal and/or 
support one or both of the inner and outer electrode Wires. 

[0046] The vacuum connector 108 may be coupled to the 
proximal end of the inner tube 302. An o-ring 410 may 
provide a seal betWeen inner tube 302 and assembly housing 
102. An o-ring 412 may provide a seal betWeen inner tube 
302 and collar attachment 110. In some embodiments, the 
vacuum connector 108 may include a tailored ?tting (e.g., a 
barb) for connection to a vacuum system such as a surgical 
room suction system. 

Feb. 8, 2007 

[0047] Although not shoWn, it is understood that various 
modi?cations may be made to the ?uid, electrical, and 
vacuum portions of the tissue extraction device 100. For 
example, While the outer electrode Wire 304 and inner 
electrode Wire 407 are illustrated as connected (e.g., sol 
dered or otherWise a?ixed) Within the tissue extraction 
device 100, various means may be supplied to enable a user 
to engage and/or disengage a Wire. 

[0048] Referring to FIG. 5, a cross-sectional vieW of the 
assembly housing 102 of FIG. 5 along line 5-5 of FIG. 4 is 
illustrated. The ?uid connector 104 and electrical connector 
106 of housing assembly 102 are visible. 

[0049] Referring to FIG. 6, in another embodiment, a 
tissue evacuation device 600 may include an assembly 
housing 602 located on the proximal end of the device (from 
the perspective of a user) that may be used as a grip. The 
assembly housing 602, Which Will be discussed in greater 
detail With respect to FIG. 9, may include one or more 
external connectors or ?ttings for supplying poWer, ?uid, 
and/or pressure to the tissue evacuation device 600. In the 
present example, such connectors may include a ?uid con 
nector 604, a poWer (electrical) connector 606, and a 
vacuum connector 608. 

[0050] The assembly housing 602 may be coupled to a 
collar attachment 610 that couples the assembly housing 602 
to an outer tube 612. The outer tube 612 may provide a 
relatively rigid structure coupled to (or including) an evapo 
ration chamber 614 and a noZZle 616. As Will be described 
in greater detail beloW, the outer tube 612 in the present 
embodiment may not be included in a poWer circuit used to 
evaporate ?uid. The evaporation chamber 614 may be Where 
a ?uid provided to the tissue evacuation device 600 may 
transition from a liquid state to a high-energy vapor state. 
The noZZle 616 may be located at the distal end of the outer 
tube 612 and may be con?gured to provide the high-energy 
vapor to the targeted tissue via one or more channels. In the 
present example, the noZZle 616 may include a vacuum 
opening for the evacuation of tissue. 

[0051] Referring to FIG. 7, a cross-sectional vieW of the 
tissue evacuation device 600 of FIG. 6 is illustrated. Each 
portion of the tissue evacuation device is described beloW in 
greater detail, and so is not described With respect to the 
present ?gure. More speci?cally, the distal section (encom 
passing the evaporation chamber 614 and the noZZle 616) is 
described With respect to FIG. 8 and the proximal section 
(encompassing the assembly housing 602 and collar attach 
ment 610) is described With respect to FIG. 9. 

[0052] Referring to FIG. 8, the distal section of FIG. 7 is 
enlarged to illustrate a cross-sectional vieW of the outer tube 
612, evaporation chamber 614, and noZZle 616 in greater 
detail. In the present example, the outer tube may provide an 
exterior structure but may not form part of the electrical 
circuit and, accordingly, may not be formed of an electrically 
conductive material (e.g., a metal). The outer tube 112 may 
vary in thickness or may be of a uniform thickness. It is 
understood that, in some embodiments, the outer tube 112 
may include conductive material and be used to form part of 
an electrical circuit. 

[0053] An inner tube 802 may be positioned Within the 
outer tube 612. In the present example, the exterior of the 
inner tube 802 may be approximately equidistant from the 
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interior of the outer tube 612 (e.g., the inner and outer tubes 
are concentric circles), but other con?gurations may be used. 
The inner tube 802 may be formed at least partially from a 
conductive material and may form an inner electrode that is 
part of an electrical circuit. The interior of the inner tube 802 
may be substantially holloW and may provide a path for a 
vacuum betWeen the distal end of the tissue evacuation 
device 600 and the assembly housing 602. 

[0054] An outer electrode 804 may be electrically coupled 
to the assembly housing 602 by an outer electrode Wire 806. 
The outer electrode Wire 806 may be positioned betWeen the 
outer tube 612 and the inner tube 802. Insulation material 
808 may be used to cover the exterior of the outer electrode 
804. In some embodiments, the outer tube 612 may extend 
over the outer electrode 804 and the insulation material 808 
may be positioned betWeen the outer electrode and the outer 
tube. In other embodiments, if the outer tube 612 extends 
over the outer electrode 804 and is not conductive, the 
insulation material 808 may not be present. 

[0055] Insulation material 810 (e.g., a Te?on sleeve) may 
be positioned betWeen the inner tube 802 and outer tube 612 
for at least a portion of the length of each tube, stopping at 
approximately the evaporation chamber 614. The insulation 
material 810 may be used to electrically insulate the inner 
tube 802 from the outer electrode Wire 806 and outer tube 
612. 

[0056] One or more ?uid spaces 812 may be provided 
Within the evaporation chamber 614. The ?uid space 812 
may be connected to the ?uid connector 604 of the assembly 
housing 602 via a channel or conduit 814 positioned 
betWeen the inner tube 802 and outer tube 612. It is 
understood that the conduit 812 may form part of the ?uid 
space 810 or may be separated from the ?uid space (e.g., by 
a valve or other ?uid control means). 

[0057] A porous material 816 may be positioned betWeen 
the conductive material of the inner tube 802 and outer 
electrode 804. It is noted that the insulation material 810 
may be positioned so as not to insulate the area covered by 
the porous material. The porous material 816, Which may be 
a ceramic open-cell porous material, may be positioned 
Within or coupled to the ?uid space 812 and may serve as a 
capillary ?uid container. Accordingly, ?uid from the ?uid 
space 812 may enter the porous material 816. The porous 
material 816 may be selected to accommodate various 
requirements, such as reducing arcing that may occur 
betWeen the inner tube 802 and electrode 804 When voltage 
is applied. 

[0058] The noZZle 616 may include one or more vapor 
conduits 818 coupling the evaporation chamber (e.g., the 
porous material 816) With one or more noZZle holes 820. The 
particular con?guration of the noZZle 616 may vary. For 
example, a single vapor conduit 818 may be coupled to 
multiple noZZle holes 820, multiple vapor conduits may be 
coupled to a single noZZle hole, or there may be a one to one 
correspondence betWeen the vapor conduits and the noZZle 
holes. 

[0059] Referring to FIG. 9, the proximal section of FIG. 7 
is enlarged to illustrate a cross-sectional vieW of the assem 
bly housing 602 and collar attachment 610 in greater detail. 
As described previously, the assembly housing 602 may 
include the ?uid connector 604, the electrical connector 606, 
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and the vacuum connector 608. It is noted that the outer tube 
612 may enter and be supported by the collar attachment 610 
but may not extend into the assembly housing 602, While the 
inner tube 802 may extend through at least a portion of the 
assembly housing 602. An o-ring 902 may provide a seal 
betWeen the collar attachment 610 and the outer tube 612. A 
shoulder 904 may provide an attachment ?ange for outer 
tube 612. For example, the shoulder 904 may have a ?tting 
that couples to outer tube 612 or the shoulder 904 may be 
Welded to outer tube 612 and then attached to collar attach 
ment 610. 

[0060] The ?uid connector 604 may couple an external 
?uid source (not shoWn) to the ?uid space 812 via a valve 
905 and the conduit 814 (FIG. 8). The ?uid may be supplied 
as a liquid to the ?uid space 812 and converted to a gas in 
the evaporation chamber 614. In some embodiments, the 
?uid connector 604 may include a tailored (e.g., barbed) 
?tting for connection. 

[0061] The electrical connector 606 may provide poWer 
for a bipolar electrode set (positive and negative electrodes) 
formed from electrode 804 and inner tube 802. More spe 
ci?cally, the electrical connector 606 may couple the outer 
electrode Wire 806 to a poWer source to provide poWer to the 
electrode 804. In the present embodiment, the outer elec 
trode Wire 806 may connect directly to electrode 804. The 
electrical connector 606 may also couple an inner electrode 
Wire 907 to the poWer source to provide poWer to the inner 
tube 802. In the present embodiment, the inner electrode 
Wire 907 may connect to a collar 906 that is coupled to the 
inner tube 802. The collar 906 may be conductive or may 
contain conductive elements that transfer voltage from the 
inner electrode Wire 907 to the inner tube 802. In other 
embodiments, the inner electrode Wire 907 may be coupled 
directly to the inner tube 802. Various Wire fasteners/ guides, 
such as a Wire retainer 908 used for outer electrode Wire 806, 
may be used to seal and/or support one or both of the inner 
and outer electrode Wires. 

[0062] The vacuum connector 608 may be coupled to the 
proximal end of the inner tube 802. An o-ring 910 may 
provide a seal betWeen inner tube 802 and assembly housing 
602. An o-ring 912 may provide a seal betWeen inner tube 
802 and collar attachment 610. In some embodiments, the 
vacuum connector 608 may include a tailored ?tting (e.g., a 
barb) for connection to a vacuum system such as a surgical 
room suction system. 

[0063] Although not shoWn, it is understood that various 
modi?cations may be made to the ?uid, electrical, and 
vacuum portions of the tissue extraction device 600. For 
example, While the outer electrode Wire 806 and inner 
electrode Wire 907 are illustrated as connected (e.g., sol 
dered or otherWise a?ixed) Within the tissue extraction 
device 600, various means may be supplied to enable a user 
to engage and/or disengage a Wire. 

[0064] Referring to FIG. 10, a cross-sectional vieW ofthe 
assembly housing 602 of FIG. 6 along lines 10-10 is 
illustrated. 

[0065] Referring to FIG. 11, in another embodiment, a 
tissue evacuation device 1100 may include an assembly 
housing 1102 located on the proximal end of the device 
(from the perspective of a user) that may be used as a grip. 
The assembly housing 1102 may include one or more 
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external connectors or ?ttings for supplying power, ?uid, 
and/or pressure to the tissue evacuation device 1100. In the 
present example, such connectors may include a ?uid con 
nector 1104, a poWer (electrical) connector 1106, and a 
vacuum connector 1108. The assembly housing 1102 may be 
coupled to a tube 1110 via a collar 1112. The tube 1110 may 
extend from the assembly housing 1102 to an evaporation 
chamber 1114. A nozzle 1116 may be used to direct heated 
vapor from the evaporation chamber 1114 to a surgical site 
and may contain a vacuum opening coupled to the vacuum 
connecter 1108. Although not shoWn, the tube 1110 may 
contain other components, such as an inner tube described 
With respect to other embodiments. Similarly, the evapora 
tion chamber 1114 may be structured as has been described 
or may be constructed di?ferently. 

[0066] In the present example, the tube 1110 may be 
curved. The curve may be ?xed or the tube 1110 may be 
articulating. Accordingly, a surgeon may control the move 
ment of the tube 1110. For example, the surgeon may move 
the tube 1110 side to side or forWard and backward to access 
the targeted tissue, as illustrated in FIG. 12. 

[0067] Referring to FIG. 12, a picture representation of a 
curved tube (e.g., the tube 1110 of the tissue evacuation 
device 1100 of FIG. 11) illustrates the removal of nucleus 
tissue 1200 from a spinal disc 1202. As shoWn in FIG. 12, 
the tube 1110 may provide access to nucleus tissue 1200 for 
a nuclectomy. In the present example, the tube 1110 may be 
inserted through the annulus to the nucleus tissue 1200. The 
tissue evacuation device 1100 may then break doWn the 
nucleus tissue 1200 using a heated vapor and remove at least 
a portion of the resulting debris from the spinal disc 1202. 
It is understood that, While FIG. 11 illustrates the tissue 
evacuation device 1100 removing nucleus tissue 1200, the 
tissue evacuation device 1100 may be used to remove other 
types of tissue. 

[0068] Referring to FIG. 13, in another embodiment, a 
tissue evacuation device 1300 may include an assembly 
housing 1302 located on the proximal end of the device 
(from the perspective of a user) that may be used as a grip. 
The assembly housing 1302 may include one or more 
external connectors or ?ttings for supplying poWer, ?uid, 
and/or pressure to the tissue evacuation device 1300. In the 
present example, such connectors may include a ?uid con 
nector 1304, a poWer (electrical) connector 1306, and a 
vacuum connector 1308. The assembly housing 1302 may 
be coupled to an outer tube 1310 that extends from the 
assembly housing to a nozzle 1312. As can be seen from the 
cross-sectional vieW provided by FIG. 13, the outer tube 
1310 may contain an inner tube 1314 that provides support 
for a heating element 1316. 

[0069] The poWer connecter 1306 (e.g., heating Wire 
leads) may provide a connection to an energy source (e.g., 
a variable impedance output RF generator such as that 
shoWn in FIG. 19) that may be used to provide the energy 
needed to move a ?uid supplied via the ?uid connector 1304 
from a liquid state to a vapor state. The vacuum connector 
1308 may be used to provide a negative pressure Within the 
inner tube 1314 for removing small fragments of debris and 
droplets of condensed ?uid (e.g., saline). The ?uid connector 
1304 may provide a ?uid, such as Water or saline solution, 
to the assembly housing 1302. The ?uid connector 1304 may 
be con?gured to enable a user to control the in?oW of the 
saline solution or other ?uid into the assembly housing 1300. 
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[0070] With additional reference to FIG. 14, a more 
detailed embodiment of the distal end of the tissue extraction 
device 1300 of FIG. 13 is illustrated. The outer tube 1310 
may surround the inner tube 1314. In the present embodi 
ment, the heating element 1316 may be a single Wire that is 
Wrapped around the inner tube 1314. The heating element 
1316 may be used to heat the ?uid to varying temperatures 
based upon the voltage applied to the heating element. In 
other embodiments, multiple Wires may be used. Further 
more, the Wire or Wires may be arranged di?ferently (e.g., 
longitudinally doWn the length of the inner tube 1314 or 
each Wire may be Wrapped only partially around the inner 
tube). In other embodiments, the heating element 1316 may 
be supported by the outer tube 1310 rather than the inner 
tube 1314, or may be supported by both the outer and inner 
tubes. 

[0071] A space 1400 may exist betWeen the outer tube 
1310 and inner tube 1314 to alloW ?uid to pass from the 
assembly housing 1302 to the nozzle 1312. As the ?uid 
passes over the heating element 1316, it may vaporize and 
be discharged as vapor from the nozzle 1312 via nozzle ports 
1402. A vacuum port 1404 in the nozzle 1312 may be 
coupled to the inner tube 1314 to couple the vacuum 
pressure supplied by the inner tube With the surgical site. 
Accordingly, When the nozzle 1312 is placed Within the 
nucleus, the high temperature vapor may escape through the 
steam ports 1402 and break up the nucleus tissue, and debris 
and ?uid may be removed from the nucleus via the vacuum 
port 1404. 

[0072] It is understood that may di?ferent embodiments of 
this tissue extraction device 1300 may be envisioned. For 
example, an additional tube (not shoWn) may be provided 
betWeen the outer tube 1310 and the inner tube 1314. This 
additional tube may be used to separate the heating element 
1316 from the ?uid that is to be vaporized. Heating of the 
additional tube by the heating element 1314 may then 
vaporize the ?uid. Alternatively, multiple tubes (not shoWn) 
that extend at least part of the distance from the assembly 
housing 1302 to the nozzle 1312 may be positioned betWeen 
the outer tube 1310 and inner tube 1314. Each tube may 
serve as a ?uid conduit and the ?uid may be vaporized by the 
heating element 1316. Alternatively, a separate heating 
element may be associated (e.g., Wrapped around or running 
alongside) of each tube to provide for vaporization Within 
the associated tube. Accordingly, control of ?uid and/or 
heating of a particular tube may alloW for additional user 
control. In some embodiments, each tube may be associated 
With a particular nozzle port 1402, Which may provide for 
additional user control of the nozzle ports and/or amount of 
heated vapor used during a surgical procedure. 

[0073] Referring to FIG. 15, in still another embodiment, 
a tissue evacuation device 1500 may include an assembly 
housing 1502 located on the proximal end of the device 
(from the perspective of a user) that may be used as a grip. 
The assembly housing 1502 may include one or more 
external connectors or ?ttings for supplying poWer, ?uid, 
and/or pressure to the tissue evacuation device 1500. In the 
present example, such connectors may include a ?uid con 
nector 1504, a poWer (electrical) connector 1506, a vacuum 
connector 1508, and a C02 connector 1510. The assembly 
housing 1502 may be coupled to an outer tube 1512 that 
extends from the assembly housing to a nozzle 1514. In the 
present example, the vacuum connector 1508 may be the 
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proximal end of an inner tube that is surrounded by the outer 
tube 1512 betWeen the assembly housing 1502 and the 
noZZle 1514. 

[0074] The poWer connecter 1506 (e.g., heating Wire 
leads) may provide a connection to an energy source (e.g., 
a variable impedance output RF generator such as that 
shoWn in FIG. 19) that may be used to provide the energy 
needed to move a ?uid supplied via the ?uid connector 1504 
from a liquid state to a vapor state. The vacuum connector 
and corresponding inner tube 1508 may be used to provide 
a negative pressure for removing small fragments of debris 
and droplets of condensed ?uid (e.g., saline). The ?uid 
connector 1504 may provide a ?uid, such as Water or saline 
solution, to the assembly housing 1502. The CO2 connector 
may be coupled to a C02 tube (FIG. 16) that may be used to 
provide CO2 gas for cooling the temperature of the vapor in 
the main tube 1512. It is understood that the use of CO2 is 
for purposes of example and that other suitable ?uids may be 
used in place of or in conjunction With C02. 

[0075] Referring to FIG. 16, the tissue evacuation device 
of FIG. 15 is illustrated in cross-section. The outer tube 1512 
may surround the inner tube 1508 and a C02 tube 1600 that 
is positioned betWeen the outer and inner tubes. In the 
present example, the outer tube 1512, C02 tube 1600, and 
inner tube 1508 may be concentric cylinders. One or more 
heating elements (not shoWn) may be positioned betWeen 
the assembly housing 1502 and the noZZle 1514 in the space 
betWeen the outer tube 1512 and CO2 tube 1600 and/or the 
space betWeen the CO2 tube and the inner tube 1508. One 
or more o-rings, such as an o-ring 1602, may be used to 
provide a seal betWeen components such as the inner tube 
1508 and the CO2 tube 1600. 

[0076] It is understood that the connections betWeen the 
various connectors and the spaces betWeen the outer tube 
1512 and CO2 tube 1600 and betWeen the CO2 tube and the 
inner tube 1508 may vary, as may the location of the heating 
element(s). For example, in one embodiment, the ?uid 
connector 1504 may supply ?uid to the space betWeen the 
outer tube 1512 and the CO2 tube 1600, and the CO2 
connector 1506 may supply CO2 to the space betWeen the 
CO2 tube and the inner tube 1308. The heating element may 
be positioned in the space betWeen the inner tube 1508 and 
the CO2 tube 1600 or betWeen the outer tube 1512 and the 
CO2 tube 1600. In another embodiment, the ?uid connector 
1504 may supply ?uid to the space betWeen the inner tube 
1508 and the CO2 tube 1600, and the CO2 connector 1506 
may supply CO2 to the space betWeen the CO2 tube and the 
outer tube 1512. The heating element may be positioned in 
the space betWeen the inner tube 1508 and the CO2 tube 
1600 or betWeen the outer tube 1512 and the CO2 tube 1600. 

[0077] In another embodiment, a ?uid such as CO2 gas 
may be provided in the same cylindrical space as the heated 
vapor. For example, With respect to the tissue evacuation 
device 1300 of FIG. 14, the CO2 gas may be injected into the 
space 1400 betWeen the outer tube 1310 and inner tube 
1314. In such an implementation, there may not be a 
separate CO2 tube, such as the tube 1600 of FIG. 16. 

[0078] Referring to FIG. 17, in one embodiment, an 
assembly housing 1700 is illustrated. The assembly housing 
1700 may be con?gured for use With a tissue evacuation 
device such as those illustrated in FIGS. 13 and 15. In the 
present example, the assembly housing 1700 may be used to 
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control the ?uid (e.g., Water) pressure and the CO2 pressure 
in a tissue evacuation device. It is understood that the 
assembly housing 1700 may be connected to an energy 
source and controller to control the ?uid intake and pressure 
and the CO2 intake and pressure. 

[0079] The Water in the assembly housing 1700 may 
provided through a Water port 1702. A Water pressure gauge 
port 1704 may be used to measure the Water pressure. A 
Water cap 1706 may retain a Water piston 1708 in the 
assembly housing 1700. A regulator piston 1710 and a Water 
regulator spring 1712 may further assist With Water pressure 
regulation. A Water pressure regulator screW 1714 and tWo 
plugs 1716a and 1716b may be used to hold the regulator 
piston 1710 and the Water regulator spring 1712 in place. 
The Water regulator screW 1714 may enable the Water 
pressure to be adjusted manually. 

[0080] C02 in the assembly housing 1700 may be pro 
vided through a C02 port 1718. A CO2 pressure gauge port 
1720 may be used to measure the CO2 pressure. A CO2 
regulator piston 1722 and a C02 regulator spring 1724 may 
assist With the CO2 pressure regulation. A CO2 pressure 
regulator screW 1726 and a plug 1728 may hold the CO2 
regulator piston 1722 and the CO2 regulator spring 1724 in 
place. The CO2 pressure regulator screW 1726 may enable 
the CO2 pressure to be adjusted manually. A cartridge 
puncture screW 1730 may be used to control the CO2 
released from a C02 cartridge (FIG. 16). A CO2 cap 1732 
may be used in conjunction With the CO2 regulator piston 
1722 and the CO2 regulator spring 1724 to control the CO2 
pressure. 

[0081] Referring to FIG. 18, an alternate vieW along the 
lines 18-18 of the assembly housing 1700 of FIG. 17 is 
illustrated. As illustrated in FIG. 18, a Water piston cap 
screW 1800 may be used to control the Water piston 1708 and 
the corresponding Water pressure. In the present embodi 
ment, a C02 cartridge 1802 may be used to provide CO2 to 
the assembly housing 1700 and the CO2 port 1718 may be 
used to provide additional CO2 beyond What is available in 
CO2 cartridge 1802. In other embodiments, the CO2 car 
tridge 1802 may not be implemented. 

[0082] In operation, the assembly housing 1700 may be 
used to control the Water pressure and CO2 pressure for a 
tissue evacuation device. For example, With respect to the 
tissue evacuation device 1300 of FIG. 13, the assembly 
housing 1700 may be used to control the Water or saline 
solution pressure in the main tube 1310. The Water piston 
1708, regulator piston 1710, and the regulator spring 1712 
may Work in conjunction to control the Water pressure. The 
assembly housing 1700 may also be used With the tissue 
evacuation device 1300 to control the injection of CO2 into 
the main tube 1310. In this embodiment, the CO2 gas and the 
steam may occupy the space 1400 (FIG. 14). As previously 
described, the CO2 may be used to cool the heated saline 
vapor. The CO2 cap 1732, C02 regulator piston 1722, C02 
regulator spring 1724, and the CO2 cartridge 1802 may Work 
in conjunction to control the CO2 pressure. 

[0083] Additionally, in some embodiments, a vacuum tube 
(not shoWn) may be positioned Within or coupled to the 
assembly housing 1700. In various embodiments, the 
vacuum tube may reside Within the assembly housing 1700 
or outside of the assembly housing 1700. In still other 
embodiments, one or more heating elements (not shoWn) 
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may be positioned Within the assembly housing 1700. In 
various embodiments, a heating element may heat the Water 
or other ?uid inside the assembly housing 1700 or outside of 
the assembly housing 1700. 

[0084] Referring to FIG. 19, one embodiment of a variable 
impedance output RF circuit 1900 is illustrated. The circuit 
1900 may be used as an energy source for a tissue evacuation 
device to vaporiZe a ?uid such as Water or saline solution. It 
is understood that a tissue evacuation device is not limited 
to the energy source provided by the variable impedance 
output RF circuit 1900, and that the circuit 1900 is only 
provided as an illustration of one possible energy source. 

[0085] In the present example, the circuit 1900 may be 
coupled to a tissue evacuation device 1940 (e.g., to the 
assembly housing of such a device). The tissue evacuation 
device may be similar to those described previously (e.g., 
the tissue evacuation device 1300 of FIG. 13). As described 
above, various embodiments of a tissue evacuation device 
may convert a ?uid to a heated vapor state. Accordingly, the 
circuit 1900 illustrates one embodiment of a circuit that may 
be used to supply and control the energy used to create the 
heated vapor. 

[0086] A user interface 1908 may be used by a user to 
program a digital signal processor (DSP) 1910 to desired 
speci?cations (e.g., pressure, temperature, ?oW rate, and 
duration). The DSP 1910 may control, monitor, and measure 
one or more variables Within the circuit 1900 and/or the 
tissue evacuation device 1940. An AC input voltage 1902 
may supply a primary set of coils of a transformer 1904. A 
secondary set of coils of the transformer 1904 may be 
connected to a variable output poWer supply 1906. The 
variable output poWer supply 506 may convert the AC input 
voltage 1902 into a variable DC voltage. The DSP 1910 may 
control the variable output poWer supply 1906 to produce a 
speci?c DC voltage. In the present embodiment, the voltage 
ranges from approximately ten volts to approximately 160 
volts DC. 

[0087] The DC voltage may be applied to poWer steering 
sWitches (e.g., an H bridge) 1912. This DC voltage may 
control the amplitude of the output poWer. The poWer 
steering sWitches 1912 may form an inverter circuit to 
convert a DC voltage input into a RF AC output. Accord 
ingly, the DSP 1910 may supply the poWer steering sWitches 
1912 With a pulse Width modulated (“PWM”) signal and an 
enable signal. The PWM signal may provide the frequency 
of the RF AC output and the enable signal may turn the 
poWer steering sWitches 1912 on and off. 

[0088] The poWer steering sWitches 1912 may supply 
voltage to tWo transformers 1920 and 1922. Capacitors 1916 
and 1918 may be connected to the primary Windings of 
transformer 1920 and transformer 1922, respectively. A solid 
state sWitch 1914 may be connected to the primary of coils 
of transformer 1922, and another solid state sWitch 1924 
may be connected to the secondary set of coils of trans 
former 1922. An enable signal from the DSP 1910 may turn 
the solid state sWitches 1914 and 1924 on and off. The 
transformers 1920 and 1922 may be used to drive various 
impedance loads. In the present embodiment, transformer 
1920 may have a loW value Windings ratio (e.g., 1:1) that 
may drive a loW impedance load. Transformer 1922 may 
have a higher value Windings ratio (e.g., lzX) that may 
e?fectively develop a higher output voltage to drive a rela 
tively high impedance load. 
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[0089] An output ?lter 1926 may ?lter the output of the 
transformers 1920 and 1922 to provide a relatively precise 
AC output. An active energy clamp 1928 may limit output 
poWer on detection of a voltage spike to prevent high 
voltages at the tissue evacuation device 1940. The RF AC 
output may be supplied to the tissue evacuation device 1940 
to heat the pressurized ?uid (e.g., Water or saline solution). 
Accordingly, a ?uid pump 1938 may supply the Water or 
saline solution to the tissue evacuation device 1940 at a 
controlled rate. The DSP 1910 may control the liquid leaving 
the ?uid pump 1938. 

[0090] A signal conditioning block 1930 and a current 
transformer 1932 may provide the output current of the 
transformers 1920 and 1922 to the DSP 1910. A signal 
conditioning block 1934 and a transformer 1936 may pro 
vide the output voltage of the transformers 1920 and 1922 to 
the DSP 1910. These tWo mechanisms may provide a current 
feedback and a voltage feedback, respectively. This enables 
the DSP 1910 to read the output currents and voltages and 
adjust the variables of the RF generator circuit 1900 accord 
ingly. 

[0091] In this embodiment, the loW impedance trans 
former 1920 may alWays be in the circuit and the high 
impedance transformer 1922 may be either in series With the 
?rst transformer 1920 or may be effectively shorted out of 
the circuit by the solid state sWitches 1914, 1924. The DSP 
1910 may control the solid state sWitches 1914, 1924. The 
circuit 1900 may have the capability to drive the initial loW 
impedance load (transformer 1920) effectively with the high 
impedance load (transformer 1922) removed from the cir 
cuit. Then, at an appropriate time, the high impedance output 
transformer 1922 may be sWitched into the circuit, Which 
may alloW e?icient energy transfer to the high impedance 
load. When the transformer 1922 is short circuited, tWo 
separate magnetic paths may be provided for the different 
Windings to prevent unnecessary high circulating currents in 
the Windings of the transformer 1922. 

[0092] In the present embodiment, the state of the process 
may be estimated by calculating the electrical impedance of 
the load. For example, the circuit 1900 may have the 
capability to monitor input voltage, output current, and 
output voltage through the DSP 1910. These parameters may 
be utiliZed to calculate the process state and determine the 
proper settings for poWer input, ?uid ?oW rate, and output 
impedance. The desired process state may be input by a user 
via the user interface 1908. Such monitor mechanisms may 
be electrically insulated from the high voltage output to 
alloW a patient safe isolated output. 

[0093] Referring to FIG. 20, a diagram 2000 illustrates a 
tissue evacuation device (e.g., the tissue evacuation device 
1500 of FIG. 15) removing nucleus tissue 2006. The tissue 
evacuation device 1500 may be inserted into an interverte 
bral disc 2002 that resides betWeen a vertebra 2004 and 
another vertebra (not shoWn) in the human spine. The 
intervertebral disc 2002 may include nucleus tissue 2006 
surrounded by annulus tissue 2008. The nucleus tissue 2006 
may have a loWer collagen content than the surrounding 
annulus tissue 2008, and may be broken up With less energy 
than the annulus. A noZZle 1314 may be placed proximate to 
the nucleus tissue 2006. A heated vapor, such as steam, 
having a proper temperature and pressure may be directed 
into the nucleus tissue 2006 through steam ports (not shoWn) 










