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METHOD AND APPARATUS FOR 
DETERMINING A MEASURE OF TISSUE 

MANIPULATION 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 

The present invention relates to medical devices. More 
particularly, the present invention relates to a minimally 
invasive Surgical procedures. 

II. Description of the Related Art 
The use of minimally invasive Surgical techniques has 

dramatically affected the methods and outcomes of Surgical 
procedures. Physically cutting through tissue and organs to 
Visually expose Surgical Sites in conventional “open Surgi 
cal procedures causes tremendous blunt trauma and blood 
loSS. Exposure of internal tissues and organs in this manner 
also dramatically increases the risk of infection. Trauma, 
blood loSS, and infection all combine to extend recovery 
times, increase the rate of complications, and require a more 
intensive care and monitoring regiment. The result of Such 
open Surgical procedures is more pain and Suffering, higher 
procedural costs, and greater risk of adverse outcomes. 

In contrast, minimally invasive Surgical procedures cause 
little blunt trauma or blood loss and minimize the risk of 
infection by maintaining the body's natural barriers to 
infection. Minimally invasive Surgical procedures result in 
faster recoveries and cause fewer complications than con 
Ventional Surgical procedures. Minimally invasive 
procedures, Such as laparoscopic, endoscopic, or cysto 
Scopic Surgery, have replaced more invasive Surgical proce 
dures in all areas of medicine. Due to technological advance 
ments in areas Such as fiber optics, micro-tool fabrication, 
noninvasive visualization, and material Science, the physi 
cian performing the operation has easier-to-operate and 
more cost effective tools for use in minimally invasive 
procedures. However, there Still exist a host of technical 
hurdles that limit the efficacy and increase the difficulty of 
minimally invasive procedures. 
One critical aspect of minimally invasive Surgical tech 

niques is the ability of the operator to visualize of the 
position of Surgical instruments within the body and to 
determine the extent of the manipulation of organs and 
tissues caused by the Surgical instruments. For example, 
percutaneous coronary angioplasty (PTCA) uses fluoros 
copy to position a tiny balloon at the end of a long flexible 
catheter in a coronary artery where a stricture has reduced 
blood flow to the heart. Expanding the balloon at the site of 
the Stricture opens the blocked arteries and normal blood 
flow returns. Visualization of the position of the balloon and 
the extent of tissue manipulation by the balloon is accom 
plished by injecting radiographic fluid through the catheter 
into the arteries. Thus, fluorScopy provides a detailed picture 
of the boundaries of the vessels to be treated, the position of 
the balloon within the vessel, and the extent and result of 
tissue manipulation by the balloon. Fluoroscopy is a critical 
aspect of the PTCA procedure because it provides the 
operator with a method for determining the exact position of 
the PTCA balloon in the artery and the effectiveness of the 
balloon in opening the Stricture. 

Another example of a minimally invasive procedure is 
arthroscopic Surgery in which fiber optic visualization is 
used to position and control Small tools within bone joints to 
repair, ablate, or remove tissue. Instruments, Such as fiber 
optic Scopes, Small Surgical tools and aspiration tubes, are 
placed in the joint through Small skin incisions. The entire 
operation is performed by the operator Visualizing the 
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2 
affected area through the fiber optic Scope. Direct visualiza 
tion is effective because the operator can expand the joint 
with a clear fluid and illuminate the Surgical field. 

Fiber optic and fluoroscopic Visualization require a vessel, 
duct, or cavity into which a clear or radiopaque fluid can be 
injected. However, procedures not involving a vessel, duct, 
or cavity require other methods of Visualization. For 
example, the manipulation of Soft tissue organs requires 
entirely different methods of visualization. In such 
procedures, visualization techniqueS Such as magnetic reso 
nance imaging (MRI) or ultrasound which distinguish the 
borders and shapes of Soft tissue organs or masses are 
required. 
MRI has been particularly effective in providing detailed 

Visualization of damage or growth of Soft tissues Surrounded 
by other organs and structures. MRI measures the radio 
frequency (RF) signals emitted by the nuclei of atoms 
Subjected to a transient magnetic field while in a strong Static 
field. These measurements define the nature and orientation 
of the atoms to provide a detailed image of the boundaries, 
geometry, and composition of tissues, organs or Structures 
within the body. MRI's are routinely used to visualize 
herniated discS in the Spinal cord, brain tumors, cancerous 
lesions deep within the body, and Soft tissue damage to 
tendons and ligaments. 
One prior art use for MRI is the visualization of the 

prostate and the progression of the growth of the iceball or 
frozen tissue Surrounding a cryoSurgical probe during the 
cryoablation of the prostate. MRI can be used to optimize 
probe placement and cooling parameters, to monitor the 
temperature distribution within the frozen region, and to 
determine the extent of tissue damage after the procedure. 
For an example of a procedure in this field, see U.S. Pat. No. 
5,433,717 to Rubinsky et al. However, the size, cost, 
complexity, and nature of MRI Systems may make them 
poor candidates for visualization in many Surgical proce 
dures. 

Ultrasound imaging relies on the reflection of high fre 
quency Sound waves at interfaces of varying acoustic imped 
ance to create a two dimensional picture of internal body 
Structures. Present ultrasound imaging Systems provide little 
detail and are limited by the Sound transmission properties 
of obstructions in the field of view. Ultrasound provides a 
lower cost, leSS complicated and more compact alternative 
to MRI. Ultrasound imaging Systems can typically be oper 
ated by one perSon, are a fraction of the cost and Size of an 
MRI system, are mobile, and are less restrictive on the 
operating environment. 
The use of ultrasound in medicine is well documented and 

a considerable Volume of patent literature exists describing 
designs, methods, and instrumentation in the area of ultra 
Sound imaging and the use of ultrasound as a diagnostic or 
therapeutic tool. One application of ultrasound has been the 
evaluation of the Structure and density of bone. For example, 
ultraSonic caliperS containing an ultraSonic emitter and 
receiver have been used to measure the amplitude and 
Velocity of an ultraSonic Signal transmitted through bone 
tissue, Such as the bone in a finger. The amplitude of the 
ultraSonic Signal depends on the absorption of the ultrasound 
passing through the bone tissue. Other Systems utilize a pair 
of ultrasound transducers, one emitting and the other receiv 
ing a composite Sine wave acoustic Signal consisting of 
repetitions of plural discrete ultraSonic frequencies Spaced at 
discrete times. The Signal is processed to determine a 
transfer function. The transfer function is then used to allow 
the evaluation of bone-related quantities Such as bone 
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density, bone Strength, and fracture risk. For examples of 
patents in this area, see U.S. Pat. No. 5,564,423 to Mele et 
al. and U.S. Pat. No. 5,259,384 to Kaufman et al. 
Modern ultrasound technology has expanded the applica 

tion of minimally invasive Surgical techniques into areas in 
which direct Surgical intervention had previously been the 
only option. One Surgical technique to which modern ultra 
Sound imaging has been applied is cryoSurgery. CryoSurgery 
involves the freezing of diseased tissue. CryoSurgery has 
been used for decades to destroy diseased tissue throughout 
the body. Historically, cryoSurgery has been limited in its 
application to the destruction of tissue on the Surface of the 
body or in a Space where the visible manipulation of tissue 
was possible. Recently the role of cryoSurgery has been 
expanded to include the application of cryoSurgery in a 
minimally invasive manner. Minimally invasive techniques 
were made possible by the advances in the ability to visu 
alize Soft tissues by ultrasound imaging. Ultrasound imaging 
allows the Surgeon to visualize “landmarks' within the 
patient and, thereby, correctly position the freezing probe or 
cryoprobe within the soft tissue. 

Both heating and freezing of tissue affects its acoustic 
properties. In the case of heating and freezing tissue, the 
transmission of ultrasound Signals through the tissue is 
affected by the change in density of water within the tissue. 
Although Small, the change in density of water as a function 
of temperature is well documented. AS an example, the 
density of water at 38 degrees Celsius is 0.99299 gm/ml and 
at 70 degrees Celsius is 0.97781 gm/ml. In the case of 
freezing, the density of ice is 0.9170 gm/ml. These density 
changes affect the attenuation of the ultrasound Signal trans 
mitted between the imaging System Scanner and the probe 
transducer during the manipulation process. 
An example of the application of cryoSurgery in a mini 

mally invasive manner is the destruction of diseased proS 
tatic tissue using Small diameter cryoprobes placed through 
the Skin into the prostate. Ultrasound imaging allows the 
Surgeon to view the prostatic margins, bladder, urethra, and 
rectum. Using these organs as “landmarks, the Surgeon 
positions the cryoprobe within the prostate to optimally 
destroy the diseased tissue. Information concerning an ultra 
Sound transducer which is attached to a cryoprobe can be 
found in U.S. patent application No. 08/468,717, filed Jun., 
6, 1995, now issued as U.S. Pat. No. 5,672,172, entitled 
“SURGICAL INSTRUMENT WITH ULTRASOUND 
PULSE GENERATOR” which is assigned to the assignee of 
the present invention and which is incorporated herein by 
this reference. The patent describes a System and method 
which further enhances the ability of the Surgeon to position 
the cryoprobe to optimally destroy diseased tissue by clearly 
marking the position of the tip of the cryoprobe in the 
display of an ultrasound imaging System. 

Ultrasound imaging also provides the Surgeon with a 
method for judging the extent of the manipulation by the 
cryoprobe. After positioning the cryoprobe within the 
desired tissue mass, the liquid nitrogen begins to flow to the 
cryoprobe. Tissue begins to freeze around the tip of the 
cryoprobe. AS the flow of liquid nitrogen continues, thermal 
energy is removed from an expanding area of tissue Sur 
rounding the tip of the cryoprobe. The temperature profile of 
tissue manipulated by the cryoprobe is lowest at the tip and 
increases to the boundary of manipulated and unaffected 
tissue at normal body temperature. It is generally accepted 
that tissue destruction occurs at temperatures below minus 
60 degrees Celsius, although Such factors as the Speed of 
freezing and thawing of the tissue and the water content of 
the tissue affect the temperature at which tissue destruction 
OCCS. 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
Within this region of manipulated tissue is a boundary 

where the tissue temperature falls below 0 degrees Celsius. 
This area of frozen tissue is described as the “iceball.” The 
boundary of the iceball is echogenic as a result of the 
difference in density between frozen and unfrozen tissue. AS 
thermal energy is removed from the tissue and the iceball 
grows, the boundary appears as an expanding arc in the 
display of an ultrasound imaging System. Monitoring the 
growth and position of the arc gives the Surgeon an indica 
tion of the extent of the manipulation of the tissue by the 
cryoprobe. However, as noted above, the actual destruction 
of tissue does not occur until the tissue reaches approxi 
mately minus 60 degrees Celsius. Therefore, the echogenic 
boundary is not directly indicative of the extent of tissue 
destruction. In addition, the ultrasound image provides the 
Surgeon with no definite indication of the nature of the tissue 
within the iceball. 

An alternative to the above description of a manipulation 
process employing cryoSurgery is a manipulative proceSS 
involving heating of tissue. In Such a case, the manipulation 
tool is not a cryoprobe, but rather a probe to deliver 
microwave, RF, or other energy form that heats tissue. Such 
devices are commercially available and are presently used to 
ablate tissue of the prostate and endometrium. Heating tissue 
causes cell destruction leading to necrosis of tissue within a 
thermal Zone Surrounding the heating component. Just as in 
cryoSurgery, monitoring of the effected Zone is critical 
during the heating process to ensure destruction of all 
diseased tissue and the preservation of healthy Surrounding 
tissue. 

The Surgical procedure for destroying a target tissue with 
a heating probe begins by placing the probe in the target 
tissue mass. Ultrasound imaging is typically used to guide 
the probe in a minimally invasive manner. An ultrasound 
transducer on the probe in close proximity to the heating 
element is used to facilitate the positioning of the probe. In 
Similar fashion to the freezing probe ultrasound transducer, 
the heating probe ultrasound transducer generates an ultra 
Sound Signal. The Signal is detected by the imaging System 
causing an indication to be displayed in the monitor of the 
imaging System at the ultrasound transducer on the probe. 
Thus, the imaging System defines the exact location of the 
probe tip and heating element. AS the manipulation proceSS 
heats tissue Surrounding the probe tip, the ultrasound trans 
ducer continues to produce an image of the probe and 
Surrounding tissue. Adding thermal energy to tissue changes 
the Structure and density of the tissue, and, thus, affects the 
image Seen by the Surgeon. It is generally accepted that 
tissue can not tolerate temperatures greater than 60 degrees 
Celsius. However, the image created by an ultrasoundScan 
ner which is seen by the Surgeon does not provide a definite 
indication of the boundary of the tissue which has reach 60 
degrees Celsius. Thus, the Surgeon is not provided with a 
good indication of the extent of tissue manipulation. 

Therefore, it is apparent that there has been a long felt 
need in the industry to accurately determine the extent of 
tissue manipulation as a function of time. The present 
invention provides an elegant means and method for Satis 
fying this need. 

SUMMARY OF THE INVENTION 

A Surgical device is comprised of a probe adapted for 
insertion into a patient. The probe has a means for manipu 
lating tissue within a Zone of manipulation. The probe also 
has a first receiver which is disposed within the Zone of 
manipulation. The first receiver responds to receipt of a 
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radiated Signal by generation of a first receiver Signal 
indicating a Strength at which the radiated Signal is received. 
A means for analyzing the first receiver Signal determines a 
measure of manipulation to the tissue within the Zone of 
manipulation. In one embodiment, the first receiver is dis 
posed at the tip of the probe. In another embodiment, the 
means for manipulating removes energy from the tissue. In 
yet another embodiment, the means for manipulating adds 
energy to the tissue. The means for manipulating may 
manipulate tissue by introduction of a Substance or fluid. 
The means for manipulation may be implanted within the 
patient and may take the form of a bead. Optionally, the 
means for analyzing accumulates a set of values of the first 
receiver Signal over time in order to determine the measure 
of manipulation. A Scanner generates the radiated Signal. 
Optionally, the Scanner is an ultraSonic Scanner and tradi 
ated Signal is an ultraSonic Signal. The Scanner may be 
disposed within the patient or external to the patient. 

Optionally, a Second receiver is also incorporated in the 
invention. The Second receiver is Separated from the first 
receiver So that the Second receiver is disposed outside of the 
Zone of manipulation. The Second receiver responds to 
receipt of the radiated Signal by generation of a Second 
receiver Signal. 

The means for analyzing may have a means for detecting 
a relative movement between the probe and the Scanner 
based on the Second receiver Signal. The means for analyZ 
ing may comprise an imaging System for displaying an 
image derived from Signals generated by the Scanner. The 
means for analyzing may further comprise a database com 
prising entries determined by empirical measurement and it 
may consult the database to determine the measure of 
manipulation. The means for analyzing may display a predi 
cation of the measure of manipulation. The means for 
analyzing may Superimpose the prediction over the image 
derived from the Signals generated by the Scanner. 

Alternatively, the means for analyzing may comprise a 
means for determining a distance between the Scanner and 
the first receiver, a means for measuring an initial value of 
the first receiver Signal, and a means for correlating the 
distance, the initial value of the first receiver Signal and a 
Subsequent value of the first receiver Signal to determine the 
measure of manipulation. The means for correlating may 
comprise a database of entries determined from empirical 
data. 

The present invention also envisions a method of deter 
mining a measure of manipulation. The method begins by 
disposing a manipulation probe within an area of tissue. A 
measurement of a Signal Strength of a radiated Signal 
received at a receiver on the manipulation probe is taken. A 
determination of an extent of manipulation of the tissue is 
made based on the Signal Strength. The process of deter 
mining the extent of manipulation may be executed by 
determining a distance between a radiated energy Source and 
the receiver of the probe. A measurement of an initial value 
of the Signal Strength is taken. A correlation of the distance, 
the initial value of the Signal Strength and a Subsequent value 
of the Signal Strength is made in order to determine the 
extent of manipulation. Alternatively, correlation further 
comprises the Step of consulting a database of entries 
determined from empirical data. 
A radiation Source may be inserted within a patient. An 

area of manipulation may be manipulated by introduction of 
a Substance or a fluid. The method may comprise destruction 
of a portion of the area of tissue by addition of energy or by 
removal of energy. For example, diseased prostatic tissue 
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may be destroyed. Further, a mechanical means may be used 
to manipulate the tissue. An image prediction of the extent 
of manipulation may be displayed. The display may show an 
image of the area of tissue derived from Signals returning 
from a Source of the radiated Signal. An ultraSonic Scanner 
disposed within the patient may be used to produce the 
radiated Signal. Measurement of a Signal Strength of the 
radiated Signal may be made at a point on the probe offset 
from the receiver So as to be outside of the area of tissue. 
Determination of a previous location of the probe may be 
made based on the Signal Strength of the radiated Signal 
measured at the point on the probe offset from the receiver. 
The present invention also envisions a method of accu 

rately destroying diseased tissue in a non-invasive Surgical 
procedure. A manipulative probe is inserted into a patient 
Such that a manipulation means of the probe is disposed 
within a region of diseased tissue. A measurement is made 
of a Signal Strength of a radiated field within the region of 
diseased tissue. The region of diseased tissue is manipulated. 
The manipulation is terminated when the Signal Strength 
reaches a predetermined value. 
The present invention also envisions, a device for corre 

lation of image results to actual results in a System for 
manipulation. The device has a detector which detects a 
radiated Signal. A manipulation generator is generally 
co-located with the detector. A Series of measurement units 
are distributed at a variety of distances from the detector. 
The Series of measurement units measures an indication of 
a degree of manipulation. A signal generator generates the 
radiated Signal. A recording device is coupled to the Series 
of measurement units and the detector. The detector, the 
manipulation generator and the Series of measurement units 
are all disposed within a material having Similar physical 
and chemical properties of tissue. The recording device is 
used to record input from the detector and the series of 
measurement units during destruction of the material by the 
manipulation generator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the present invention will 
become more apparent from the detailed description Set 
forth below when taken in conjunction with the drawings in 
which like reference characters correspond throughout and 
wherein: 

FIG. 1 is a perspective view of a configuration in accor 
dance with the present invention portrayed as a cryoSurgical 
probe placed within the prostate of a patient, 

FIG. 2 is a perspective view of the probe and the resultant 
manipulated tissue during the Surgical process, 

FIG. 3 is a block diagram showing the components of the 
invention; 

FIG. 4 is a block diagram of an empirical test which may 
be used to gather data for use in predicting the extent of 
tissue manipulation in a Surgical Setting, 

FIGS. 5A, 5B and 5C are a series of graphs illustrating 
exemplary data collected by the system of FIG. 4 when the 
manipulation process involves the removal of thermal 
energy, 

FIG. 6 is an elevational view of an exemplary embodi 
ment of the imaging and analysis System; and 

FIG. 7 illustrates an embodiment of the present invention 
which includes a Second receiver to facilitate the positioning 
of the first component in relationship to the Second compo 
nent. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to FIG. 1, the present invention is shown 
in an exemplary application in which prostate tissue is 
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thermally destroyed. The prostate 10 is located at the neck 
of the bladder 12 as it forms the urethra 14. A thermal 
manipulation probe 16 is inserted into the body and placed 
such that the tip of the probe 16 is located in a desired 
position within the prostate 10. The probe 16 may be 
properly placed in accordance with teachings in U.S. Pat. 
No. 5,672,172, incorporated herein above. A scanner 20 is 
placed in the rectum 22 and positioned Such that an image 
of the prostate 10, the tip of the probe 16 and a portion of 
a shaft 24 of the probe 16 is displayed on an attached 
imaging and analysis System 40. In FIG. 1, we shall assume 
that the imaging and analysis System 40 combines the 
functions of the analysis function and the ultrasound imag 
ing System, although these functions may be separated into 
two or more devices. Also in FIG. 1, we shall also assume 
that the Scanner 20 transmits and receives ultrasound Sig 
nals. 

At the tip of the probe 16 is a chamber (not shown 
explicitly) into which a refrigerant fluid, typically liquid 
nitrogen or compressed gas, is pumped causing the freezing 
process. The refrigerant enters the chamber causing a reduc 
tion in temperature of the tip of the probe 16. When the 
freezing proceSS begins, a Zone of frozen tissue expands 
outward from the tip. The refrigerant is Supplied to the probe 
16 from a probe controller (not shown) through a refrigerant 
connector 28. The probe controller enables an operator to 
control the flow of refrigerant to the tip and, hence, the 
freezing effect of the probe tip. 

In addition to the thermal expansion chamber, a receiver 
26 is disposed at the tip of the probe 16. The receiver 26 is 
connected to a signal recovery unit 30 through a connector 
32 The Signal recovery unit 30 receives a response Signal 
from the receiver 26 as a result of ultrasound signals 
received by the receiver 26 from the scanner 20. The signal 
recovery unit 30 uses the response Signal to generate and 
generates a signal level indication which it passes over a 
connector 36 to the imaging and analysis System 40. The 
Signal level indication reflects the value character of the 
response signal, i.e. amplitude, frequency, phased or shape, 
while maintaining a Signal level and drive level usable by the 
imaging and analysis System 40. In the embodiment shown 
in FIG. 1, the imaging portion and the analysis portion of the 
apparatus are shown as co-located within a common housing 
while the recovery unit housed separately. Obviously, the 
teachings of the present invention are general and the 
common or disjoint housing of the components is irrelevant 
to the general teachings of the invention. 

The Scanner 20 radiates ultrasound Signals 34 during the 
course of the tissue manipulation. The radiated Signals 34 
are reflected back to the Scanner 20 from acoustic interfaces 
and are used to create an image which is displayed on the 
imaging and analysis System 40. The radiated Signals 34 are 
also received by the receiver 26. In response to the Signal 
level at which the radiated signals 34 reach the receiver 26, 
the receiver 26 generates the response signal which, in turn, 
determines the value of the Signal level indication output by 
the signal recovery unit 30. As explained more fully below, 
the imaging and analysis System uses the Signal level 
indication as well as other information to determine the 
extent of tissue manipulation. 

Referring now to FIG. 2, the effect on the signal received 
by the receiver 26 due to the manipulation of tissue is 
illustrated. Before the manipulation proceSS is begun, the 
radiated Signals 34 pass through the prostate 10 and Sur 
rounding tissue from the scanner 20 to the receiver 26. As 
the manipulation proceSS is begun, a Zone of thermally 
manipulated tissue 42 is formed, as illustrated in FIG.2. The 
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radiated Signals 34 must pass through the Zone of thermally 
manipulated tissue 42 to reach the receiver 26. The manipu 
lation proceSS changes the transmission properties of the 
Zone of manipulated tissue 42 as compared to the unma 
nipulated State. In turn, the Signal level received at the 
receiver 26 also changes. AS the manipulation process 
progresses and the size of the Zone of manipulated tissue 42 
grows, the Signal level received by the receiver 26 continues 
to change. 

Within the Zone of manipulated tissue, there is a boundary 
where the temperature of the tissue falls below 0 degrees 
Celsius. The area in which the temperature of the tissue is 
less than 0 degrees Celsius is referred to as an “iceball.” The 
boundary of the iceball is echogenic as a result of the 
difference in density between frozen and unfrozen tissue. 
The scanner 20 detects the boundary of the iceball within the 
Zone of manipulated tissue 42. Therefore, as thermal energy 
is removed from the tissue and the Zone of manipulated 
tissue expands, the iceball appears as an expanding arc in the 
display of an ultrasound imaging System. Because a signifi 
cant amount of the radiated Signal energy is reflected by the 
iceball Surface and attenuated by the properties of the tissue 
within the iceball, the Signal levels corresponding to reflec 
tions from within the iceball are small. Even though a 
detectable measure of Signal energy may reach the tip of the 
probe 16, the echoed reflection is subjected to the same 
attenuation on the return path. If the attenuation from the 
scanner 20 to the tip of the probe 16 is 20 dB (a factor of 
100), the echoed reflection reaches the scanner 20 attenuated 
by a factor of 10,000. Therefore, the character of the tissue 
within the iceball is difficult to detect with the Scanner 20. 
The actual destruction of tissue does not occur within the 

entire region of the iceball. As noted above, tissue destruc 
tion does not occur until the tissue reaches approximately 
minus 60 degrees Celsius. Therefore, within the iceball, 
there is a destruction region in which the tissue has been 
destroyed. The boundary of the Scanned image indicates the 
boundary of the iceball but does not indicate the boundary 
of the destruction region. 

During a non-invasive Surgical procedure according to the 
preferred embodiment, the task of the Surgeon is to destroy 
diseased tissue while leaving intact as much of the healthy 
Surrounding tissue as possible. If the Surgeon destroys 
healthy tissue, he may prolong the recovery of the patient as 
well as increase undesired Side effects of the process. If the 
Surgeon leaves a portion of the diseased tissue intact, he may 
increase the risk the diseased tissue will continue to spread 
or he may Subject the patient to a Subsequent Surgical 
procedure. Therefore, it is extremely important the Surgeon 
have an accurate indication of the degree of destruction of 
the diseased tissue. However, as noted above, the image of 
the iceball does not provide the Surgeon with a definite 
indication of the extent of tissue destruction. Therefore, if 
the Surgeon attempts to use the image of the iceball to 
estimate the destruction of tissue, he is likely to either 
destroy a significant amount of healthy tissue or to leave 
intact a portion of the diseased tissue. The present invention 
provides the Surgeon with a more exact determination of the 
extent of destruction within the Zone of manipulated tissue. 

FIG. 3 is a block diagram of the system of the present 
invention. The imaging and analysis System 40 receives 
input from the Scanner 20. An imaging System 18 transforms 
the raw signaling into image data which is passed to an 
analysis System 48. The imaging and analysis System 40 also 
receives input from the receiver 26 via the Signal recovery 
unit 30. AS explained in greater detail below, the analysis 
System uses this data to determine a measure of manipula 
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tion. The results are displayed on a display monitor 44 which 
may take the form of a CRT, LED/LCD display, or other 
known output display means. 

In the preferred embodiment, the imaging and analysis 
System 40 begins it analysis by determining a relative 
distance between the receiver 26 and the Scanner 20. This 
measurement can be performed based on the Standard image 
Signals received from the Scanner 20. The imaging and 
analysis system 40 also notes the level at which the receiver 
26 receives the radiated Signal as indicated by the Signal 
level indication. Based on this information, the imaging and 
analysis System 40 can determine the initial characteristic of 
the tissue. Varying characteristics of tissues, Such as water 
content, calcification and blood flow, cause the manipulation 
process to affect dissimilar types of tissue differently. The 
imaging and analysis System 40 must consider these differ 
CCCS. 

The process of manipulating the tissue can now begin. AS 
the tissue is manipulated, the image returned by the Scanner 
20 and the Signal level indication begin to change. Based 
upon the changes in the Signal level indication and the 
image, the imaging and analysis System 40 determines the 
extent of manipulation. In the preferred embodiment, the 
measure of manipulation which is being Sought is the extent 
to which tissue has been destroyed. In the Specific example 
above, destruction is caused by the fact the temperature of 
the tissue has fallen below a given level. Therefore, it is the 
task of the analysis System to determine a boundary where 
the temperature of the tissue has fallen below minus 60 
degrees Celsius. The manipulation level which is Sought 
may be entered by the operator using a user interface which 
may be Soft key entry, a menu driven interface, a touch 
Screen entry System, a mouse, keyboard or other interface 
CS. 

There are several ways which the analysis system 48 may 
correlate the incoming data to predict the measure of 
manipulation. For certain predictable environments, a trans 
fer function may be developed. In other more complex 
environments, the analysis System 48 may use a database of 
empirical data to determine the extent of manipulation. 

FIG. 4 illustrates a set up which may be used to develop 
empirical data for the use by the analysis System 48. 
Measurements of manipulation process parameters are made 
using a chamber 50 of gel 52, with similar chemical and 
physical properties as Substance which is to be manipulated. 
For example, the gel 52 may have the same colloidal and 
thermal properties of tissue as discussed in the NASA Brief 
Volume 92, page 56 data January 1992, entitled “Tissue 
Simulating Gel for Medical Research”. The gel 52 is pref 
erably maintained at 37 degrees Celsius by a heat eXchanger 
54 in the gel connected to a temperature controller 56. 
A manipulation device 116 causes a thermal change in the 

area Surrounding the tip of the shaft 124. The manipulation 
device 116 is connected to a source 58 for controlling the 
manipulation process. A receiver 126 is disposed at the tip 
a shaft 124 of the manipulation device 116. The receiver 126 
is used to measure the radiated Signal level during the test 
process. The receiver 126 is connected to a Signal recovery 
unit 130. The signal recovery unit 130 receives a response 
Signal from the receiver 126 and produces a signal level 
indication. The value of the Signal level indication is mea 
Sured and logged by a data recording System 60. 

In the present example, the measure of manipulation is the 
measure of tissue destruction. Tissue destruction is a func 
tion of the temperature the tissue. Therefore, measurement 
of the change in temperature over time as a function of the 
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distance from the tip of the device Shaft 124 is made using 
a series of thermocouples 62. The thermocouples 62 are 
connected to a measurement System 64 which determines 
the temperature of the thermocouples 62 as a function of 
time. During the manipulation process, the temperature 
changes within the gel are logged by the data recording 
System 60. These temperature measurements create a profile 
of temperature changes as a function of distance and time. 

Simultaneously, a Scanner 120 of an ultrasound imaging 
System 118 emits a radiated Signal in order to produce an 
image of the manipulated gel. The Scanner 120 is placed in 
the gel 52 in proximity to the manipulation device 116 to 
allow the field of view of the scanner 120 to include the 
entire Zone of gel manipulation. The resultant Signal from 
the Scanner 120 is passed to the ultrasound imaging System 
118 which produces and displays image data which is 
recorded by the data recording system 60. A video camera 66 
is directed at the manipulation device 116 and may also be 
used to record Visual changes in the length or width of the 
Zone of gel 52, manipulated by the device 116. 
The information recorded by the data recording system 60 

is compiled and used to create a model of the time, distance, 
and degree of manipulation of the gel 52 by the device 116. 
Typical measurements used to create the model of a cryo 
surgical manipulation are shown in FIGS. 5A-C. FIG. 5A 
shows the Signal level indication in millivolts as a function 
of time received by the signal recovery unit 130 from the 
receiver 126. In this case, the level in millivolts is decreasing 
to reflect the fact that the signal level received by the 
receiver 126 from the scanner 120 is decreasing. 

FIG. 5B shows a typical plot of the length and width of 
the image of the iceball as a function of time measured by 
the video camera 66 or the ultrasound imaging System 118. 
Measurements by the Video camera 66 produce a recording 
of a visual change between the manipulated and unmanipu 
lated gel. In the case of the cryomanipulation, FIG. 5B is a 
recording of the interface of the phase change caused by the 
manipulation device 116. The video camera 66 measures the 
border of the frozen gel as it expands due to the continued 
manipulation of the manipulation device 116. Other types of 
manipulation, Such as heating and drug injection, that cause 
Visual differences within the gel as a result of manipulation 
can also be measured. Measurements by the scanner 120 of 
the ultrasound imaging System 118 produce a recording of 
the acoustic boundary between the manipulated and unma 
nipulated gel. In the case of cryomanipulation, FIG. 5B is a 
recording of the density change between the frozen and 
unfrozen gel. Other types of manipulation, Such as heating 
or injection of echogenic Substances, that create acoustic 
interfaces within the gel that can be measured by the Scanner 
120 of the ultrasound imaging system 118 are possible. The 
manipulation Zone is typically not perfectly Spherical and, 
therefore, the length and width of the area of manipulated 
gel are not the Same. 

FIG. 5C is a graph representing the cryomanipulation of 
the gel and shows the measurement of one parameter, 
temperature, at fixed distances from the Source of manipu 
lation as a function of time. For example, a curve 115A 
represents the temperature at a distance of 5 mm from the tip 
of the probe 116. A curve 115B represents the temperature 
at a distance of 7.5 mm from the tip of the probe 116. In a 
like manner, the curves 115C-E represent the temperature at 
a distance of 10, 12.5, and 15 mm from the tip of the probe 
116 respectfully. From the curves 115A-E, a determination 
of the relationship between temperature, distance, and time 
may be made for one level of manipulation. Similar curves 
may be obtained for different levels of manipulation. Dif 
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ferent parameters, Such as water content, pH, drug or marker 
levels, may also be measured depending on the nature of the 
manipulation Source. 

The model created from these measurements can then be 
used to predict the extent of tissue manipulation in a patient 
during the clinical use of the manipulation device. In the 
example of cryoSurgical manipulation of tissue, we assume 
that tissue destruction occurs at approximately minus 60 
degrees Celsius. From the model described above for the 
cryomanipulation of a gel with Similar thermal properties as 
tissue, we can predict how long it takes tissue at various 
distances from the probe using FIG. 5C to reach minus 60 
degrees Celsius. A horizontal line 114 shows a temperature 
of minus 60 degrees Celsius. Thus, at 5 mm from the probe, 
tissue reaches minus 60 degrees Celsius in about 2 minutes 
and 20 seconds. At 7.5 mm from the probe, tissue reaches 
minus 60 degrees Celsius in about 3 minutes and 20 Seconds. 
At 10mm from the probe, tissue reaches minus 60 degrees 
Celsius in about 4 minutes and 30 seconds. After about 8 
minutes, tissue reaches minus 60 degrees Celsius just under 
12.5 mm in diameter according to curve 115D. However, 
note that the iceball dimension which would be detected by 
a ultraSonic imaging device is nearly 35 mm in diameter 
after 8 minutes as shown in FIG. 5B, thus illustrating the 
boundary of the Scanned image does not correspond to a 
temperature indicative of tissue destruction. 

The foregoing example clearly indicates that ultrasound 
or visual measurement of tissue changes alone does not 
provide sufficient information to reliably predict the extent 
of tissue manipulation. However, the model just described 
provides a powerful tool to predict the temperature profile 
within a Zone of manipulated tissue from one parameter, 
such as the iceball boundary. In one embodiment, the 
invention predicts the area within the Zone of manipulated 
tissue that has reached minus 60 degrees Celsius in rela 
tionship to the manipulation device, the iceball boundary, 
and other landmarks within the field of view of the ultra 
Sound imaging System. Thus, the Surgeon can more accu 
rately manipulate the desired tissue. 

If other means of manipulation are used, analogous tests 
must be made. It may also be necessary to run tests with 
varying distances and with varying levels of obstruction 
between the probe and the scanner. The data retrieved by this 
proceSS may be stored within a database within the imaging 
and analysis system 40. 

FIG. 6 is a perspective view of an exemplary embodiment 
of the imaging and analysis System 40. In the preferred 
embodiment, the means used to perform the imaging and 
analysis function are a combination of hardware and Soft 
ware components. The implementation of the means may be 
a general purpose microprocessor which executes Stored 
code. The means may also comprise one or more application 
Specific integrated circuits. Alternatively, the means may 
operate on a general purpose, personal computer. 

In FIG. 6, the real time signal derived from the scanner 20 
is displayed in a frame 70. A second frame 72 is used for 
diagnostics. The Second frame 72 may be used to display the 
results of the imaging and analysis System 40 or to allow the 
user to input desired control functions. The operator has the 
ability to display Several images on the Second frame 72 
Such as a Stored image, a freeze frame, or the real time 
display as shown on the frame 70. Input controls 85 allow 
the operator to choose, Save and recall a number of images 
from the frame 70 to display in the second frame 72. Any 
manner of other user-friendly features may be provided Such 
as direct Screen measurement of the physical dimension of 
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the images on the screen. In FIG. 6, a control 74 allows the 
operator to control these and other features. In FIG. 6, a 
computer mouse 78 is also shown as part of the user 
interface. Any manner of user interface may be used con 
Sistent with the present invention. 
The imaging and analysis System 40 also employs the 

second frame 72 to display the results of its analysis. For 
example, the imaging and analysis System 40 may use 
empirical data to predict the extent of manipulation includ 
ing tissue destruction, viability, temperature, or density at 
various locations shown in the image of the Second frame 
72. The information may be derived from empirical tests 
Such as described above. The empirical results are correlated 
with the image on the Screen with relation to an identifiable 
landmark within the tissue. The landmark may be identified 
by the operator or the imaging and analysis System 40 and 
may be the receiver 26. The predicted parameters may be 
displayed by Superimposing an image on the Second frame 
72 Such as markers, boundaries, or colors. Alternate embodi 
ments of the imaging and analysis System 40 may use 
mathematical equations Such as quadratic equations or Fou 
rier transforms, or other computational means to predict the 
extent of manipulation. 
The display of the predicted manipulation on the Second 

frame 72 can be updated based upon the Signal received by 
the receiver 26 during the manipulation process. The opera 
tor may use the updated information to adjust the manipu 
lation process to achieve the desired therapeutic result. 

Alternatively, the imaging and analysis System 40 may be 
linked to the control of the manipulation process and effect 
manipulation adjustments directly. Control of the manipu 
lation proceSS may be entered by the operator through the 
control input 76. The control input 76 provides a means for 
the operator to input a desired therapeutic goal at a particular 
tissue location, Such as a desired temperature, viability, 
density or other manipulative parameter. The imaging and 
analysis System 40 uses the analysis process just described 
to control the manipulation process to achieve the desired 
result. During the process, the Second frame 72 may display 
the extent to which the desired result has been achieved. 

An alternate embodiment of the inventive system which 
addresses the issue of movement of the receiver or Scanner 
during the manipulation process is illustrated in FIG. 7. AS 
discussed Supra, the Signal received by the receiver 26 
during the manipulation proceSS is a function of the distance 
between the receiver 26 and the Scanner 20 as well as the 
characteristics of the intervening tissue, organs or bone etc. 
A change in the relative position between the Scanner 20 and 
the receiver 26 during the manipulation proceSS affects the 
Signal received by the receiver 26. If the System experiences 
a change in the Signal level due to relative movement 
between the scanner 20 and the receiver 26, the analysis 
which estimates the extent manipulation becomes flawed. 

During the manipulation procedure, the receiver 26 and 
Scanner 20 are typically fixed in position and compensation 
for relative movement is not an issue. However, in Situations 
where the scanner 20 or receiver 26 is purposefully or 
accidentally moved during the manipulation procedure, 
returning the device to its original position can be difficult 
and, yet, critical to accurately manipulating the tissue. 
The presence of a second receiver 80 outside the Zone of 

manipulated tissue, but receiving a detectable incident from 
the Scanner 20, facilitates the repositioning of the receiver 26 
or the Scanner 20 during the manipulation process. In FIG. 
7, the second receiver 80 is shown attached to the shaft 24 
of the manipulation probe 16. Other embodiments of the 
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inventive concept may be arranged to position the Second 
receiver 80 on a needle placed in tissue or attached to the 
skin surface. The limiting factor for the second receiver 80 
is that it must receive Signals from the Scanner 20. 

Through the use of the second receiver 80, the imaging 
and analysis System 40 can record the Signal level indication 
received at the first receiver 26 and the second receiver 80. 
The signal level indication is a function of both the distance 
between the Scanner 20 and the receivers 26 and 80 and the 
characteristics of the intervening tissue. Therefore, in order 
for both of these parameters to return to the Stored values, 
both the distance and the tissue characteristics between the 
receivers 26 and 80 and the Scanner 20 must return to their 
original values before the imaging and analysis System 40 
indicates that the probe and Scanner have been properly 
replaced. 
A physician may use the invention just described in order 

to determine a measure of manipulation during the course of 
a tissue manipulation process. The physician disposes a 
manipulation probe within an area of tissue. A measurement 
of a Signal Strength of a radiated Signal received within the 
Zone of manipulation is made. A determination of an extent 
of manipulation of the tissue based on the Signal Strength is 
made. In one embodiment, the process of determining the 
extent of manipulation is executed by determining a distance 
between a radiated energy Source and a receiver within the 
Zone of manipulation, measuring an initial value of the 
Signal Strength, and correlating the distance, the initial value 
of the Signal Strength and a Subsequent value of the Signal 
Strength in order to determine the extent of manipulation. 
The correlation proceSS may comprise the Step of consulting 
a database of entries determined from empirical data in a 
manner Such as the one detailed above. 

In order to visualize the area of manipulation, the physi 
cian may insert a radiation Source within a patient Such as an 
ultrasound imaging device adapted for insertion into the 
rectum as shown in FIG. 1. Once properly positioned, in one 
embodiment, the physician destroys a portion of the area of 
tissue by addition of energy from the tip of the manipulation 
probe. In another embodiment, the physician destroys a 
portion of the area of tissue by removal of energy through 
the tip of the manipulation probe. For example, the physi 
cian may destroy a portion of the area of tissue comprising 
diseased prostatic tissue. 

During the manipulation process, an image prediction of 
the extent of manipulation is displayed for the physician, for 
example, as shown in FIG. 6. In one embodiment the image 
of the area of tissue is derived from Signals returning from 
a Source of the radiated energy Such as from an ultrasound 
imaging device adapted for insertion into the rectum. 

In one embodiment, in order to use the repositioning 
feature described above, a measurement of a Signal Strength 
of the radiated Signal received at a point on the probe offset 
from the first receiver So as to be outside of the area of tissue 
may be taken. A determination of a previous location of the 
probe or Scanner based on the Signal Strength of the radiated 
Signal measured at the point on the probe offset from the first 
receiver is made. For example, a measurement of an initial 
Signal Strength received at a point outside of the area of 
tissue may be stored for later use. In the event the probe or 
the imaging System is moved, the physician may reposition 
the radiated energy Source Such that a new signal Strength 
received at the point outside of the area of tissue is approxi 
mately equal to the initial Signal Strength. 

In Summary, the physician inserts a manipulative probe 
Such that it may manipulate a region of diseased tissue. A 
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measurement of a signal Strength of a radiated field at the 
probe is made. The physician begins manipulation the region 
of diseased tissue by application of a manipulative force. 
The physician terminates manipulation of the region of 
diseased tissue when the Signal Strength reaches a predeter 
mined value. 
The invention may be implemented in a wide variety of 

forms. For example, brachytherapy treats tissue by the 
implantation of radiation beads within an area of manipu 
lation. A probe is used to place the radiation beads at 
predetermined positions within the area of manipulation. 
After positioning the beads, the operator removes the probe, 
leaving the beads in place. Accurately positioning the beads 
is critical to optimally destroying all diseased tissue within 
the area of manipulation. In order to incorporate the inven 
tion into brachytherapy, a receiver is positioned within the 
area of manipulation. In the same manner described above, 
the receiver aids in Visualization of the extent of manipula 
tion of tissue. The analysis of the extent of tissue manipu 
lation caused by the beads allows the operator to adjust the 
position to optimize diseased tissue destruction or prevent 
undesirable destruction of healthy tissue. 

The general principles of the invention were described in 
relation to a specific embodiment above. However, the 
general principles of the present invention are not limited to 
the Specific example above. For example, the process above 
was described with reference to a freezing process in which 
energy is removed from an area of tissue. The invention 
provides Similar advantages if energy is added to the area 
Such as by the application of thermal heat, RF energy, 
gamma rays or other method. A variety of Substances may 
also be used in the process of manipulating tissue in con 
junction with the present invention. For example, chemo 
therapeutic drugs for the treatment of cancer, photodynamic 
Substances for the destruction of tissue, collagen for altering 
the geometry of a Space, or other agents, chemical or 
physical, may be used to cause manipulation. In addition, a 
mechanical means of manipulation may be used Such as 
beaters or blades or other means to emulsify tissue or by 
injection or removal of water. In general, manipulation 
within the meaning of the present invention refers to any 
influence on the tissue-whether the manipulation destroys, 
enhances, removes or otherwise affects the tissue. Whatever 
method of manipulation is chosen, empirical data can be 
collected using methods Similar to those described above. 
The resulting data may be used in the analysis process. It is 
also noted that the Some means of manipulation Such as 
heating the tissue may increase, rather than decrease, the 
Signal level indication value. However, the process of the 
collecting and correlating data is the same. 

In the example above, the invention is described with 
reference to an ultrasound radiated Signal. According to the 
principles of the present invention, other types of radiated 
Signals could be used Such as X-rays, high frequency radio 
waves, microwaves, electromagnetic energy or other later 
developed means of providing an incident Signal in order to 
produce an image. 

In the example above, the receiver is disposed at the tip 
of a probe because it is the tip of the probe which provides 
the means of manipulation. However, location at the tip of 
a probe, or even on the probe itself, is not critical. The 
advantages of the present invention are gained by locating 
the receiver within the area of manipulation. In a configu 
ration in which the manipulation occurs along the length of 
a needle, probe, catheter or other device, the receiver may be 
disposed along the length of the device also. Likewise, the 
term probe as used herein can be one of many Sorts of 
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devices Such as needles, catheters, implantation devices or 
the like. The probe is simply the means by which the 
manipulation means or the receiver is disposed within the 
area of diseased tissue. 
The invention may be embodied in other specific forms 

without departing from its Spirit or essential characteristics. 
The described embodiment is to be considered in all respects 
only as illustrative and not restrictive and the Scope of the 
invention is, therefore, indicated by the appended claims 
rather than by the foregoing description. All changes which 
come within the meaning and range of equivalency of the 
claims are to be embraced within their Scope. 
What is claimed is: 
1. A Surgical device for use with an ultrasound transmitter, 

Said Surgical device comprising: 
a probe adapted for insertion into a patient, Said probe 

comprising means for manipulating tissue within a 
Zone of manipulation; 

a first receiver disposed within Said Zone of manipulation, 
wherein Said first receiver responds to receipt of a 
diagnostic ultrasound Signal by generation of a first 
receiver Signal indicating a strength at which Said 
diagnostic ultrasound Signal is received; and 

means for analyzing Said first receiver Signal to determine 
a measure of manipulation to the tissue within Said 
Zone of manipulation. 

2. The Surgical device of claim 1, wherein Said first 
receiver is disposed at a tip of Said probe. 

3. The Surgical device of claim 1, wherein Said means for 
manipulating removes energy from the tissue. 

4. The Surgical device of claim 1, wherein Said means for 
manipulating manipulates tissue by introduction of a Sub 
Stance. 

5. The Surgical device of claim 1, wherein said means for 
manipulating manipulates tissue by introduction of a fluid. 

6. The Surgical device of claim 1, wherein Said means for 
manipulating manipulates the tissue through a mechanical 
CS. 

7. The Surgical device of claim 1, wherein said means for 
analyzing accumulates a Set of values of Said first receiver 
Signal Over time in order to determine Said measure of 
manipulation. 

8. The Surgical device of claim 1, wherein said probe 
implants Said means for manipulating tissue within the 
patient. 

9. The Surgical device of claim 8, wherein said means for 
manipulating tissue is a bead. 

10. A Surgical device comprising: 
a probe adapted for insertion into a patient, Said probe 

comprising means for manipulating tissue within a 
Zone of manipulation; 

a first receiver disposed within Said Zone of manipulation, 
wherein Said first receiver responds to receipt of a 
diagnostic ultrasound Signal by generation of a first 
receiver Signal indicating a strength at which Said 
diagnostic ultrasound Signal is received; 

means for analyzing Said first receiver Signal to determine 
a measure of manipulation to the tissue within Said 
Zone of manipulation; and 

a Scanner generating Said ultrasound Signal. 
11. The Surgical device of claim 10, wherein said scanner 

is disposed within the patient. 
12. The Surgical device of claim 10, wherein said scanner 

is external to Said patient. 
13. The Surgical device of claim 10, wherein said means 

for analyzing comprises an imaging System for displaying an 
image derived from Signals generated by Said Scanner. 
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14. The Surgical device of claim 13, wherein said means 

for analyzing further comprises a database comprising 
entries determined by empirical measurement and wherein 
Said means for analyzing consults Said database to determine 
Said measure of manipulation. 

15. The Surgical device of claim 13, wherein said means 
for analyzing displays a predication of Said measure of 
manipulation. 

16. The Surgical device of claim 15, wherein said means 
for analyzing Superimposes Said prediction over Said image 
derived from Said Signals generated by Said Scanner. 

17. The Surgical device of claim 10, wherein said means 
for analyzing comprises: 
means for determining a distance between Said Scanner 

and Said first receiver, 
means for measuring an initial value of Said first receiver 

Signal; and 
means for correlating Said distance, Said initial value of 

Said first receiver Signal and a Subsequent value of Said 
first receiver Signal to determine Said measure of 
manipulation. 

18. The Surgical device of claim 17, wherein said means 
for correlating comprises a database of entries determined 
from empirical data. 

19. A method of determining a measure of manipulation 
comprising the Steps of: 

disposing a manipulation probe within an area of tissue 
manipulating the tissue with Said manipulation probe; 

measuring a signal Strength of a diagnostic ultrasound 
Signal received at a receiver on Said manipulation probe 
from an ultrasound Scanner; and 

determining the extent of manipulation of the tissue based 
on Said Signal Strength. 

20. The method of claim 19, wherein said step of deter 
mining Said extent of manipulation comprises the Steps of: 

determining a distance between Said ultrasound Scanner 
and Said receiver; 

measuring an initial value of Said Signal Strength; and 
correlating Said distance, Said initial value of Said Signal 

Strength and a Subsequent value of Said Signal Strength 
in order to determine Said extent of manipulation. 

21. The method of claim 20, wherein said step of corre 
lating further comprises the Step of consulting a database of 
entries determined from empirical data. 

22. The method of claim 21, further comprising the step 
of inserting a radiation Source within a patient. 

23. The method of claim 19, further comprising the step 
of manipulating a portion of Said area of tissue by introduc 
tion of a Substance. 

24. The method of claim 19, further comprising the step 
of manipulating a portion of Said area of tissue by introduc 
tion of a fluid. 

25. The method of claim 19, further comprising the step 
of destroying a portion of Said area of tissue by removal of 
energy. 

26. The method of claim 19, further comprising the step 
of manipulating a portion of Said area of tissue by destroying 
the tissue with a mechanical means. 

27. The method of claim 19, further comprising the step 
of displaying an image prediction of Said extent of manipu 
lation. 

28. The method of claim 27, further comprising the step 
of displaying an image of Said area of tissue derived from 
Signals returning from a Source of Said ultrasound Signal. 

29. The method of claim 19, wherein said ultrasonic 
Scanner is disposed within the patient to produce Said 
ultrasound Signal. 
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30. A method of accurately destroying diseased tissue in 
a non-invasive Surgical procedure using an ultrasound 
Scanner, Said method comprising the Steps of: 

inserting a manipulative probe into a patient Such that a 
manipulation means of Said probe is disposed within a 
region of diseased tissue; 

measuring a signal Strength of a diagnostic ultrasound 
Signal within Said region of diseased tissue; 

beginning manipulation Said region of diseased tissue; 
and 

terminating manipulation of Said region of diseased tissue 
when Said Signal Strength reaches a predetermined 
value. 

31. A test device for correlation of image results to actual 
results in a System for manipulation comprising: 

a detector for detection of an ultrasound Signal; 
a manipulation generator generally co-located with Said 

detector; 

1O 
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a Series of measurement units distributed at a variety of 

distances from Said detector, Said Series of measure 
ment units for measuring an indication of a degree of 
manipulation; 

an ultrasound Signal generator for generating Said diag 
nostic ultrasound Signal; and 

a recording device coupled to Said Series of measurement 
units and Said detector; 

wherein Said detector, Said manipulation generator and 
Said Series of measurement units are disposed within an 
artificial in Vitro material having similar physical and 
chemical properties of Soft tissue and wherein Said 
recording device is used to record input from Said 
detector and Said Series of measurement units during 
manipulation of Said material by Said manipulation 
generator. 
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