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(57) ABSTRACT 

A system and method for discriminating tissue types, con 
trolling the level of therapy to tissue, and determining the 
health or a known tissue by measuring the characteristics an 
electrical signal applied to conductive element located 
Within or by the tissue. Additionally, the system and method 
may be used for determining Whether the conductive tip of 
a pedicle probe or pedicle screW is located in one of cortical 
bone, cancellous bone, and cortical bone near a boundary 
With soft tissue, Whether the conductive tip of a cannula is 
located adjacent to one of nerve tissue and annulus tissue, 
and Whether the conductive tip of a cathode is located 
adjacent to one of nerve tissue and prostate gland tissue. 
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TISSUE DISCRIMINATION AND APPLICATIONS 
IN MEDICAL PROCEDURES 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] The present application is a divisional of com 
monly owned and co-pending US. patent application Ser. 
No. 10/812,038, entitled “Tissue Discrimination and Appli 
cations in Medical Procedures,” ?led Mar. 29, 2004 and 
issued as US. Pat. No. 7,050,848 on May 23, 2006, Which 
itself is a divisional of commonly oWned and co-pending 
US. patent application Ser. No. 09/860,648, entitled “Tissue 
Discrimination and Applications in Medical Procedures, 
?led May 18, 2001 and issued as US. Pat. No. 6,760,616 on 
Jul. 6, 2004, the complete disclosure of Which is hereby 
incorporated herein by reference in its entirety for all pur 
poses. Additionally, the present application claims bene?t 
under 35 U.S.C. § 119(e) from US. Provisional Application 
Ser. No. 60/205,634 ?led May 18, 2000; and US. Provi 
sional Application Ser. No. 60/243,465 ?led Oct. 25, 2000; 
the entire contents of Which are hereby expressly incorpo 
rated by reference into this disclosure as if set forth fully 
herein. 

BACKGROUND OF THE INVENTION 

[0002] I. Field of the Invention 

[0003] The present invention is related to tissue surveil 
lance systems. 

[0004] II. Discussion of the Prior Art 

[0005] Systems and methods exist for determining When a 
probe, needle, catheter or other devices make contact With a 
particular tissue, eg US. Pat. No. 5,836,990 to Li entitled 
“Method and Apparatus for Determining Electrode/Tissue 
Contact.” The Li patent teaches a method for determining 
When a catheter makes contact With tissue covered With an 
ionic liquid. The system measures the electrical impedance 
at a distal end of the catheter and determines tissue contact 
has been made When the impedance increases. The system 
does not identify the type of tissue contacted and presumes 
the tissue is covered in an ionic liquid. Accordingly, a need 
exists for a system and method that identi?es tissue and uses 
this information in medical procedures. 

[0006] Systems and methods also exist for controlling the 
level of ablation of tissue. These systems monitor the 
impedance of tissue being ablated to determine if the abla 
tion energy is optimal. The systems generally measure 
impedance to Within approximately 20 ohms. These systems 
do not determine When suf?cient therapy has been applied to 
the tissue or employ impedance measurement With loW 
tolerance levels. Accordingly, a need exists for a system that 
may control any form of therapy by monitoring character 
istics of an electrical signal applied to the tissue. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a system in Which 
an electrical signal is applied to a tissue via electrodes 
disposed on a tissue probe. The electrical signal applied to 
the tissue preferably comprises a frequency variable current 
or voltage that is preferably applied to the tissue using a 
sliding frequency scale. 
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[0008] In accordance With the present invention, the 
response to the applied signal is measured as the signal 
passes through tissue disposed at, around, or adjacent to the 
probe. The inventors have found that different tissue types 
display different electrical transmission properties, includ 
ing different capacitance and impedance properties. Accord 
ingly, by measuring the electrical characteristics of the 
response signal, it is possible to determine the type of tissue 
through Which the signal is passing. Preferably, this is 
accomplished by comparison to knoWn exemplary signal 
characteristics for various tissue types. Furthermore, When 
the probe is knoWn to be disposed Within, around, or 
adjacent to a ?rst tissue, the system and method may 
determine When the probe is advanced into a second tissue 
based on the changed electrical characteristics of the signal 
applied by the probe. 

[0009] In accordance With the present invention, the elec 
trical signal characteristics that are monitored may include 
the phase shift betWeen the voltage and current passing 
through a selected tissue, and the impedance of the selected 
tissue. The inventors have experimentally determined that 
these properties vary from one tissue type to another. In a 
preferred aspect of the present invention, the electrical signal 
applied to the tissue may be a sliding frequency signal such 
that a frequency spectrum of phase shift and impedance of 
a tissue is determined. HoWever, any electrical, magnetic, or 
optical signal With a measurable phase relationship and 
impedance to passage through the tissue can be used. 

[0010] In a preferred method, a probe is advanced to a 
position in, at, or adjacent to a selected tissue and an 
electrical signal is applied to the tissue by an electrode on the 
probe. The response to this signal is then measured and 
compared against knoWn electrical, magnetic, or optical 
transmission characteristics for the various tissue types. For 
example, the present invention provides a method and 
system for determining Whether the conductive tip of a 
pedicle probe or pedicle screW is located in one of cortical 
bone, cancellous bone, and cortical bone near a boundary 
With soft tissue, Whether the conductive tip of a cannula is 
located adjacent to one of nerve tissue and annulus tissue, 
and Whether the conductive tip of a cathode is located 
adjacent to one of nerve tissue and prostate gland tissue. 

[0011] Furthermore, the inventors have discovered that the 
signal transmission characteristics of various tissues vary as 
a function of the tissue’s health. Accordingly, the present 
system can also be used to determine tissue health (for 
various tissue types) by comparing the signal responses of 
tissue in response to stimulation by the probe to responses 
for healthy tissue. 

[0012] The inventors have also determined that different 
cell/tissue types exhibit different capacitive effects. In addi 
tion, these capacitive effects vary considerably betWeen 
living and dead cells. Accordingly, in another aspect of the 
invention, the present system discriminates betWeen living 
and dead tissues. This feature of the invention is particularly 
useful When the present system is used in conjunction With 
a tissue ablation system. For instance, the tissue ablation 
system may be prevented from providing unnecessary 
energy to ablate tissue and thereby protect surrounding 
tissue. 

[0013] Moreover, the present system can be adapted to 
sense the presence of a particular type(s) of tissue as the 
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probe is advanced through the patient’s body. Such a feature 
is particularly advantageous When sensing for the presence 
of nerve tissue. Speci?cally, the probe can be advanced 
through the patient’s body While the response to the elec 
trical stimulation emitted by the probe is continuously 
monitored such that as nerve tissue is approached, the 
response signal Will begin to exhibit characteristics indica 
tive of nerve tissue. 

[0014] Such nerve sensing features of the present inven 
tion can be used, for example, to sense for the presence of 
spinal nerves When advancing surgical equipment (Which by 
Way of example only may include cutting, drilling, screW 
insertion, implant, and tissue ablation systems) toWards the 
patient’s intervertebral space. 

[0015] In an optional aspect of the present invention, a 
probe having an electrode positioned thereon is replaced 
With a probe that is itself electri?ed. For example, an 
electri?ed needle or an electri?ed trocar or cannula can be 

used as the probe. An advantage of having the entire probe 
emit the signal (rather than just an electrode disposed 
thereon) is that the probe itself can be made to smaller 
dimensions, particularly in the case of an electri?ed needle. 

[0016] In optional aspects of the present invention, the 
probe is mono-polar. Speci?cally, only a ?rst electrode is 
disposed on the probe. A second electrode is then positioned 
some distance aWay from the ?rst electrode at another 
location on the body. Alternately, the probe may be bi-polar 
With both the ?rst and second electrodes positioned on the 
probe itself. Additionally, the probe may include a plurality 
of bi-polar electrodes placed along the probe (such as around 
the tip and the length of the probe) to determine tissue types 
around the probe. 

[0017] In a preferred aspect of the present invention, the 
measurement of the phase angle relationship betWeen the 
voltage and current of the signal and impedance of the signal 
may be used to determine: (1) the type of tissue in Which the 
probe is located; (2) the health of the tissue; (3) the relative 
location of the tip of the probe (eg in cases Where the 
electrode is disposed in the tip of the probe); or (4) any 
combination of (l), (2) and (3). As such, by gathering data 
mapped by analyZing the response signal, measured char 
acteristics can be used to correlate: (1) tissue identity, (2) 
tissue health, and (3) tissue location. 

[0018] In addition, the present invention can be adapted 
to: (5) locate speci?c tissue Within a body; (6) control 
application of therapy to tissue; (7) detect the state of health 
of a tissue; (8) navigate to tissue; and (9) any combination 
of the above-mentioned applications. 

[0019] In one embodiment, the invention is a tissue system 
including a computer system having an analog-to-digital 
(A/D) converter and a digital-to-analog (D/A) converter 
interface (PCI board), that may be used to generate the 
control signal Which is applied to the electrode or conductive 
tip of the probe. The computer generates the signal via the 
D/A converter. Then the A/D converter converts the signal 
received from the conductive tip into digital samples by 
sampling the signal at a predetermined rate Where the digital 
samples may have a ?xed or variable number of bits and 
have linear, logarithmic or other scaling. The computer 
system determines characteristics of the received signal 
from the digital samples, in particular the phase angle and 
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impedance at the conductive tip or other location of the 
probe Where the electrode(s) may be located. Based on the 
determined characteristics taken over time (Which is then 
stored in a knowledge base or tabulated form), the present 
invention may determine tissue identity and tissue location. 
In a preferred aspect, the electrode disposed on the probe 
comprises a bipolar electrode conductive tip probe. 

[0020] In an optional aspect of the present invention, the 
application of therapy to the tissue in Which the probe is 
located may be precisely controlled, based on the charac 
teristics of the tissue Where the probe is located. For 
example, the application of heating or cooling therapy may 
be used to ablate or cool tissue. In one exemplary aspect, the 
same electrode(s) used for tissue discrimination (e.g. deter 
mining tissue type for tissue disposed adjacent to the elec 
trode on the probe) may also be used for tissue ablation by 
heating. 

[0021] In various aspects, the level of heating or cooling 
of the tissue may be modulated as a function of the measured 
characteristics of the tissue. In particular, the phase angle 
and impedance of the tissue change as the tissue is heated or 
cooled to a certain level. Accordingly, the application of 
therapy may be regulated by the present computer system. In 
particular, the computer system may communicate With a 
device applying therapy so as to automatically control the 
level of therapy. 

[0022] Given that the present system can determine the 
type and location of various tissues Within a patient, the 
present system may be used to determine the relative health 
of the tissue. In particular, the measured characteristics of 
the signal Will vary for diseased or unhealthy tissue, as 
compared to normal healthy tissue. Thus, the present system 
may be used not only to determine the type and health of 
tissue, but also to control therapy for tissue based on the 
same. Furthermore, the probe may optionally be coupled 
With an automated navigation system that navigates Within 
the patient based on the measured characteristics of the 
received signal. Such a navigation system may use the tissue 
identity and location data to navigate to a particular location 
Within an organ. The computer system may then determine 
the health of the tissue at the location Within the organ and 
control the application of therapy as appropriate. 

[0023] As can be envisioned by one of ordinary skill in the 
art, many different combinations of the above features of the 
present invention may be used. Accordingly, the present 
invention is not limited by the scope of the appended claims. 

[0024] In optional aspects of the invention, the character 
istic electrical properties of the various tissue types are 
determined for different tissues at different RF frequencies. 
By Way of example only, the signal may be emitted from the 
probe (into the surrounding tissue) at frequencies in the 
range of 400 kHZ to 100 MHZ. Determining the electrical 
properties of various tissues at various signal frequencies 
may be advantageous in that different cell (e.g. tissue) types 
may exhibit different harmonics. As such, tissues may be 
further characterized by measuring phase shift or impedance 
at various frequencies, or along a sliding frequency. 

BRIEF DISCRIPTION OF THE DRAWINGS 

[0025] Many advantages of the present invention Will be 
apparent to those skilled in the art With a reading of this 



US 2006/0224078 A1 

speci?cation in conjunction With the attached drawings, 
Wherein like reference numerals are applied to like elements 
and Wherein: 

[0026] FIG. 1 is a block diagram of a tissue discrimination 
system in accordance With the present invention; 

[0027] FIG. 2 illustrates a method of controlling the 
application therapy to tissue according to the present inven 
tion; and 

[0028] FIG. 3 illustrates a method of determining tissue 
health according to the present invention. 

DISCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0029] Illustrative embodiments of the invention are 
described beloW. In the interest of clarity, not all features of 
an actual implementation are described in this speci?cation. 
It Will of course be appreciated that in the development of 
any such actual embodiment, numerous implementation 
speci?c decisions must be made to achieve the developers’ 
speci?c goals, such as compliance With system-related and 
business-related constraints, Which Will vary from one 
implementation to another. Moreover, it Will be appreciated 
that such a development effort might be complex and 
time-consuming, but Would nevertheless be a routine under 
taking for those of ordinary skill in the art having the bene?t 
of this disclosure. The tissue discrimination system and 
related methods disclosed herein boasts a variety of inven 
tive features and components that Warrant patent protection, 
both individually and in combination. 

[0030] FIG. 1 is a diagram of a tissue identi?cation system 
10 in accordance With the present invention. The system 10 
includes a user-readable output device 12, a user input 
device 16, a processor 20, and a probe 22. The processor 20 
includes a central processing unit (“CPU”) 14 and Digital 
to-Analog Converter (“D/A”) and Analog-to-Digital (“A/ 
D”) Converter 18. The CPU 14 may comprise any micro 
processor having suf?cient processing poWer to control the 
operation of the D/A & A/D 18 and output device 12. The 
D/A & A/D 18 may comprise any such device having a 
su?icient operating cycle to generate signals With the fre 
quencies described herein and suf?cient sampling rate to 
generate the digital samples described herein. The probe 22 
may comprise any medical device that may be used to hold 
one or more electrode thereon Where the electrodes transmit 
and receive electrical signals. By Way of example only, the 
probe 22 may consist of any such suitable medical instru 
ment including but not limited to a cannula, needle, catheter, 
FR ablation device, or laser. The probe 22 may have a single 
electrode (mono-polar), tWo electrodes (bipolar), or a plu 
rality of electrodes (multi-polar) con?guration. Throughout 
the remainder of the discussion, a probe 22 With a conduc 
tive tip is discussed as one exemplary embodiment. It is 
understood that the electrodes could be placed anyWhere 
along the circumference or Width and length of the probe 22. 
A probe 22 having multiple electrodes ideally includes 
groups of bipolar electrodes so the system or method of the 
present invention may map the response of the electrode 
pairs. 

[0031] The CPU 14 controls the operation of the D/A & 
A/D 18 and output device 12 based upon user selection 
received via the user input device 16. The user input device 
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16 may comprise any input device including but not limited 
to a keyboard, mouse, or touch-sensitive screen. The output 
device 12 may consist of any output device controllable by 
the CPU 14 including but not limited to a computer monitor, 
printer, or other computer controlled display device. The 
system 10 generates an electrical signal that is transmitted to 
tissue near or about the probe 22. When the probe 22 has an 
omni-directional conductive tip, the electrical signal may be 
propagated to a Wide area of tissue about the conductive tip. 
The conductive tip may include an electrode pair (bipolar) 
so that the electrical signal is directed primarily to tissue 
directly in the path of the probe’s 22 conductive tip (elec 
trode pair). The system 10 provides an electrical signal at the 
electrode(s) on the probe 22 via the D/A 18. In particular, the 
CPU 14 generates a digital representation of a signal to be 
transmitted by the probe 22. The D/A 18 converts the digital 
signal to an analog signal that is transmitted through tissue 
by the probe 22. 

[0032] The probe 22 also receives signals conducted by 
tissue surrounding the conductive tip of the probe 22. The 
A/D 18 converts the analog signal received by the elec 
trode(s) of probe 22 into a digital signal that may be 
processed by the CPU 14. 

[0033] In one embodiment, the system 10 applies a ?xed 
frequency signal to the electrodes located on probe 22. In an 
exemplary embodiment, the applied signal may have a 
frequency ranging from 400 KHZ to 100 MHZ. The system 
10 may further apply a signal having a range or sliding 
frequency. The system 10 applies this signal to the elec 
trode(s) via the CPU 14 and D/A 18. 

[0034] The repeatable pattern of the applied signal may be 
any pattern Where the phase of the signal may be deter 
mined, e.g. any signal having a measurable phase relation 
ship (voltage to current). In one embodiment, the applied 
signal may be sinusoidal in nature. In an alternative embodi 
ment, the signal may be a square Wave signal Where the 
phase of the signal is measured at a leading or a trailing edge 
of each square Wave. As previously stated, any signal With 
a measurable phase relationship (voltage to current) may be 
used. 

[0035] The A/D 18 converts signals received at the elec 
trode(s) of the probe 22 to a digital signal for processing by 
the CPU 14. The CPU 14 determines characteristics of the 
tissue surrounding the probe’s 22 electrodes by comparing 
the signal applied to the electrode(s) and the signal received 
from the same. In one embodiment the phase angle betWeen 
voltage and current of the applied signal (effective capaci 
tance) and impedance of the tissue surrounding the conduc 
tive element (electrode(s)) of the probe 22 is determined. It 
has been found that the measurement of the phase angle 
relationship and impedance may be used to determine the 
identity or type of tissue in Which the probe electrode(s) is 
located, the relative health of the tissue, the relative location 
of the electrodes to other surrounding tissue, and to control 
the application of therapy to the tissue surrounding the 
probe’s 22 electrode(s). In one embodiment, the measured 
characteristics may be used to determine the identity or type 
of tissue in Which the probe electrode(s) is located, the 
relative health of the tissue, the relative location of the tip to 
other surrounding tissue, and to control the application of 
therapy to the tissue surrounding the probe’s 22 electrode(s). 
[0036] For example, the probe 22 may be placed in the 
kidney of a patient. Then, system 10 may apply a signal to 



US 2006/0224078 Al 

the probe’s 22 electrode(s) having a varying or ?xed fre 
quency. Then the system 10 determines the phase angle and 
impedance of the signal applied to the probe 22 for each 
frequency of the signal. In one embodiment, the system 10 
may use the combination of characteristics and frequency of 
the applied signal to determine 1) that the electrode(s) of the 
probe is located Within kidney tissue (identi?cation of 
tissue) and 2) the speci?c location Within the kidney tissue 
is the probe located, e.g., near the outer cordial or inner 
medulla of the kidney (speci?c identi?cation of the tissue). 

[0037] The system 10 may also determine Whether the 
kidney tissue about the electrode(s) of the probe 22 is 
healthy, e.g., ischemic, or has tumors. By ?rst knoWing that 
the electrode(s) is in kidney tissue (a ?rst tissue type), the 
system 10 can look for changes in the signal characteristics 
to determine that unhealthy tissue (a second tissue type) is 
present Within the kidney. When the system 10 determines 
that the tissue about the probe’s 22 electrode(s) is not 
healthy, the system 10 may apply therapy to the tissue. The 
therapy may include the application of heat energy (abla 
tion) or removal of heat energy (cryogenic cooling) of the 
tissue. The system 10 may continue to monitor characteris 
tics of the tissue about the electrode(s) to determine When 
su?icient therapy has been applied. Then, When suf?cient 
therapy has been applied, the system 10 may stop the 
application of therapy. In one embodiment, suf?cient 
therapy has been applied When the tissue dies. The system 10 
may then monitor the phase angle and impedance of the 
applied signal to determine When cell or tissue necrosis has 
occurred. The system 10 may also consider the frequency of 
the applied signal relative to the phase angle and impedance. 

[0038] The A/D converter 18 converts the signal received 
from the electrode(s) into digital samples by sampling the 
signal at a predetermined rate Where the digital samples may 
have a ?xed or variable number of bits and have linear, 
logarithmic or other forms of scaling. The system 10 deter 
mines characteristics of the received signal from the digital 
samples, in particular the phase angle and impedance at the 
electrode(s). The system 10 may also include a knoWledge 
base coupled to the CPU 14. The knoWledge base may be 
stored characteristics about a large variety of knoWn tissues. 
The base may also be correlated or indexed on the frequency 
of the applied signal. The knoWledge base may be a database 
stored in a ?xed electronic medium (not shoWn) coupled to 
the CPU 14. In this embodiment, the CPU 14 compares the 
determined characteristics to characteristics stored in the 
database to determine tissue identity, location, health, and 
control the application of therapy. It is noted that the 
invention may also knoW the current position of the elec 
trode(s), eg in Which tissue the electrode(s) is currently 
disposed. The knoWledge base may further include infor 
mation that correlates to knoWn current position of elec 
trode(s) (Within a ?rst tissue) With measured characteristics 
so the system 10 may determine a second tissue type. 
Accordingly, the system 10 or method of the invention may 
determine the tissue type of a second tissue based on 
knoWledge of the position of the electrode(s) in a previous 
?rst tissue and measured characteristics of the signal applied 
to the electrode(s). 

[0039] It is noted that in another embodiment, the present 
invention may be used With a device that automatically 
navigates through tissue. By Way of example only, the 
present invention may be coupled to an automated catheter 
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system. The system 10 Would provide tissue identity and 
location to the navigation system so the navigation system 
may navigate to a desired location. Once at the desired 
location, the system 10 may determine the health of the 
tissue. Then, the system 10 may control the application of 
therapy to the tissue based on the determined health of the 
tissue. 

[0040] For example, a navigation system used in conjunc 
tion With system 10 may direct the probe 22 to a speci?c 
location Within kidney tissue. Based on the knoWn charac 
teristics of the tissue, the health of the tissue may be 
determined and the application of therapy may be applied 
When needed. A method 30 of applying therapy is shoWn in 
FIG. 2. In step 32, the method 30 ?rst determines the initial 
characteristics of the tissue. Then therapy is applied to the 
tissue (step 34). Therapy for the kidney tissue may include 
the application of heat or cooling therapy to ablate or cool 
the tissue. The level of heating or cooling of the tissue may 
be modulated as a function of the measured characteristics 
of the tissue. In particular, the phase angle and impedance of 
the tissue Will change as the tissue is heated or cooled to a 
certain level. The method 30 applies a signal to electrode(s) 
in the tissue receiving therapy (step 36). The method 30 then 
determines the current tissue characteristics based on the 
applied signal (step 38). When the desired tissue character 
istics (su?icient therapy applied) (step 40), the method 30 
stops the application of therapy to the tissue (step 42). If, on 
the other hand, the desired tissue characteristics are not 
achieved, the method 30 returns to the step of applying a 
signal to the electrode(s) in tissue (step 36) and again 
progresses through the remaining steps. Accordingly, the 
application of therapy may be regulated by the system 10. In 
one embodiment, the system 10 communicates With a device 
applying therapy and automatically controls the level of 
therapy. 

[0041] As noted, the system 10 may be used to determine 
the relative health of a tissue. The measured characteristics 
of the signal Will vary for diseased or unhealthy tissue. For 
example, it has been found that cancerous cells have mea 
surably different impedance from that of healthy tissue. 
FIG. 3 illustrates a method 50 of determining tissue health 
according to the present invention. The method 50 places the 
electrode(s) in knoWn tissue (step 52). The tissue may be 
knoWn by ?rst determining the location of the electrode(s) 
using techniques described above. Then the method 50 
applies a signal to the electrode(s) in the tissue of interest 
(step 54). The signal may be a signal of varying frequency, 
eg a sliding frequency signal in one embodiment. The 
method 50 then determines the tissue characteristics based 
on the applied signal (step 56). The determined character 
istics are compared to normal or expected characteristics for 
health or normal knoWn tissue (step 58). When the deter 
mined characteristics are different from the expected char 
acteristics for the knoWn tissue (When healthy) (by some 
tolerance amount), the method 50 indicates that the tissue at 
the electrode(s) is unhealthy (step 62). The method 50 may 
also indicate What type of disease the tissue may have based 
on knoWn characteristics of diseased tissue e.g. tissue 
appears to be cancerous or ischemic. Otherwise, the system 
may report that the tissue near the electrode(s) appears to be 
healthy (step 64). 

[0042] In another embodiment, the probe 22 may be a 
pedicle screW or pedicle probe. During the insertion of a 
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pedicle screw, it is critical that the pedicle wall is not 
violated. Surgeons use image intensi?ers and other equip 
ment to prevent such a violation. The tissue discrimination 
system 10 of the present invention may be used to monitor 
the position of the pedicle probe or pedicle screw. In 
particular, the system 10 monitors the impedance and 
capacitance or phase shift at the tip of the pedicle probe or 
screw to determine whether the tip is in cortical bone, 
cancellous bone, or cortical bone near a boundary with soft 
tissue. 

[0043] In this embodiment, the outer surface of the pedicle 
screw may be non-conductive except for the surface of the 
head and tip of the pedicle screw. Likewise, the outer surface 
of the pedicle probe is non-conductive except for the distal 
and proximal ends of the probe. A conductive lead is then 
applied to the head of the pedicle screw or proximal end of 
the pedicle probe to conduct a signal to the tip of the screw 
or probe. In one embodiment, the signal may have a ?xed or 
varying frequency. The system 10 then determines the phase 
angle and impedance of the signal applied to the tip for each 
frequency of the signal. To accomplish this, the system 10 
may use the combination of characteristics and frequency of 
the applied signal to determine whether the tip is located in 
cortical bone, cancellous bone, or cortical bone near the 
boundary with soft tissue. Depending on this determination, 
the surgeon may continue the insertion of the pedicle probe 
or screw. 

[0044] In another embodiment, the probe 22 may be a 
cannula to be inserted adjacent to an annulus of a patient’s 
spinal disc prior to performing an annulotomy. During the 
insertion of the cannula towards the annulus, it is critical that 
the cannula not rest against a nerve along side the annulus 
wall. Surgeons use electromyography (EMG) equipment 
and other equipment to prevent such a situation. The tissue 
discrimination system 10 of the present invention may be 
used to monitor the position of the cannula as it is advanced 
to the annulus wall. In particular, the system 10 monitors the 
impedance and capacitance or phase shift at the tip of the 
cannula to determine whether the distal tip is adjacent to 
nerve tissue or annulus tissue. 

[0045] In this embodiment, the outer surface of the can 
nula is non-conductive except for the distal and proximal 
ends of the cannula. A conductive lead is then applied to the 
proximal end of the cannula to conduct a signal to the tip of 
the cannula, the signal having a ?xed or varying frequency. 
The system 10 then determines the phase angle and imped 
ance of the signal applied to the tip for each frequency of the 
signal. To accomplish this, the system 10 may use the 
combination of characteristics and frequency of the applied 
signal to determine whether the tip is located adjacent to 
nerve tissue or annulus tissue. Depending on this determi 
nation, the surgeon may continue the insertion of the can 
nula. 

[0046] In another embodiment, the probe 22 may be an 
ablation cathode to be inserted into a patient’s prostate gland 
prior to performing prostate gland ablation. During the 
insertion of the cathode into the prostate gland, it is critical 
that the cathode is not near or adjacent to nerve tissue along 
side or within the prostate gland. Surgeons use image 
intensi?er equipment and other equipment to prevent such a 
situation. The tissue discrimination system 10 of the present 
invention may be used to monitor the position of the cathode 
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as it is advanced into the prostate gland. In particular, the 
system 10 monitors the impedance and capacitance or phase 
shift at the tip of the cathode to determine whether the distal 
tip is adjacent to nerve tissue or prostate gland tissue. 

[0047] In this embodiment, a signal is applied to the 
ablation cathode tip, the signal having a ?xed or varying 
frequency. The system 10 then determines the phase angle 
and impedance of the signal applied to the tip for each 
frequency of the signal. To accomplish this, the system 10 
may use the combination of characteristics and frequency of 
the applied signal to determine whether the tip is located 
adjacent to nerve tissue or prostate gland tissue. Depending 
on this determination, the surgeon may continue the inser 
tion of the cathode. 

[0048] While this invention has been described in terms of 
the best mode for achieving this invention’s objections, it 
will be appreciated by those skilled in the art that variations 
may be accomplished in view of these teachings without 
deviating from the spirit or scope of the present invention. 
For example, the present invention may be implemented 
using any combination of computer programming software, 
?rmware, or hardware. As a preparatory step to practicing 
the invention or constructing an apparatus according to the 
invention, the computer programming code (whether soft 
ware or ?rmware) according to the present invention will 
typically be stored in one or more machine readable storage 
mediums such as ?xed (hard) drives, diskettes, optical disks, 
magnetic tape, semiconductor memories such as ROMs, 
PROMs, etc., thereby making an article of manufacture in 
accordance with the invention. The article of manufacture 
containing the computer programming code is used by either 
executing the code directly from the storage device, by 
copying the code from the storage device into another 
storage device such as a hard disk, RAM, etc. or by 
transmitting the code on a network for remote execution. 

[0049] As can be envisioned by one of skill in the art, 
many different combinations of the above may be used and 
accordingly the present invention is not limited by the scope 
of the appended claims. 

What is claimed is: 
1. A system for determining pedicle integrity during spine 

surgery, comprising: 

a controller for generating an electrical signal to be 
applied to tissue and for measuring the impedance of 
tissue to which the electrical signal is applied so as to 
determine pedicle integrity during spine surgery; 

a probe having bi-polar electrodes con?gured to deliver 
said electrical signal generated by said controller to a 
portion of a pedicle during spine surgery; and 

an output element in electrical communication with said 
controller adapted to convey information to a user 
regarding pedicle integrity based on the pedicle integ 
rity determination by said controller. 

2. The system of claim 1, wherein said electrical signal is 
generated by said controller in a digital form and converted 
to analog form prior to delivery by said probe. 

3. The system of claim 2, further comprising a digital-to 
analog converter adapted to convert said electrical signal 
generated by said controller from a digital form to an analog 
form. 
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4. The system of claim 1, wherein said probe is equipped 
With more than one pair of bi-polar electrodes. 

5. The system of claim 1, Wherein said controller is 
con?gured to determine pedicle integrity by monitoring the 
impedance of the tissue surrounding at least a portion of the 
probe to determine Whether the probe is located in at least 
one of cortical bone of said pedicle, cancellous bone of said 
pedicle, and cortical bone near the boundary With soft tissue 
of said pedicle. 

6. The system of claim 1, Wherein said electrical signal 
has at least one of a ?xed frequency and a sliding frequency. 

7. A method for determining pedicle integrity during spine 
surgery, comprising the steps of: 

(a) advancing a probe having bi-polar electrodes into a 
portion of a pedicle during spine surgery While deliv 
ering an electrical signal to said bi-polar electrodes of 
said probe; and 

(b) measuring the impedance of the tissue adjacent to said 
probe during step (a) to determine pedicle integrity 
during spine surgery. 

8. The method of claim 7, further comprising the step (c) 
of communicating to a user feedback regarding pedicle 
integrity determined in step (b). 

9. The method of claim 7, Wherein the delivery of said 
electrical signal and the measuring of tissue impedance is 
performed by a controller in electrical communication With 
said probe. 
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10. The method of claim 8, Wherein the communication of 
feedback regarding pedicle integrity is performed by an 
output element. 

11. An article of manufacture for use in determining 
pedicle integrity during spine surgery, the article of manu 
facture comprising a probe having bi-polar electrodes, said 
probe con?gured to alloW a user to perform the steps: 

(a) advancing said probe into a portion of a pedicle during 
spine surgery While delivering an electrical signal to 
said bi-polar electrodes of said probe; and 

(b) measuring the impedance of the tissue adjacent to said 
probe during step (a) to determine pedicle integrity 
during spine surgery. 

12. The article of manufacture of claim 11, Wherein said 
probe is further con?gured to alloW said user to perform the 
step (c) of examining feedback communicated to said user 
regarding pedicle integrity determined in step (b). 

13. The method of claim 11, Wherein the delivery of said 
electrical signal and the measuring of tissue impedance is 
performed by a controller in electrical communication With 
said probe. 

14. The method of claim 12, Wherein the communication 
of feedback regarding pedicle integrity is performed by an 
output element. 


