
lea-24m 

02-29-73 

AU 335 EX 

OR 307350755 

United States Patent [191 
Eggleton et a1. ' 

[111 3,735,755 
[451 May 29, 1973 

. [541 NONINVASIVE SURGERY METHOD 
AND APPARATUS 

[75] Inventors: Reginald C. Eggleton, Francis J. 
Fry, both of Champaign, ill. 

[73] )Assignee: lnterscience Research Institute, 
Champaign, Ill. 

[22] Filed: June 28, 1971 
' [21] Appl. No.: 157,160 

[52] US. Cl. ........................... ..128/24 A, 128/303 R 
[51] Int. Cl. .............. .. 

[58] Field of Search ........... .. .... ..l28/24, 24 A, 303, 
128/303.1 

[56] References Cited 

UNITED STATES PATENTS 

3,338,235 7 8/1967 Gordon ....128/24 A 
2,968,302 1/1961 Fry et al. .... .. ....l28/24 A 
3,403,671 10/1968 Flaherty et al .................... ..128/24 A 

Primary ‘Examiner-Lawrence W. Trapp 
A ttorney-Carlton Hill, Benjamin H. Sherman, 
Charles F. Meroni et al. 

........................ ..A6lh 29/00 I 

[5 7 ] ABSTRACT 

A method and apparatus for performing human and 
animal surgery in which the tissue ?eld including all 
soft tissue ?uid space interfaces can be‘ visualized 
along with other soft tissue features by appropriate ul 
trasonic visualization means such as transmitting a 
scanning ultrasonic beam and receiving echoes from 
the desired areas and presenting a picture of said areas 
on a suitable display monitor such as a cathode ray 
tube for two-dimensional presentation where the a 
presentation may be compared with standard atlases 
of normal tissue. Means and apparatus for transmitting 
ultrasonic energy at substantially higher level than that 
used for visualizing the area are provided so as to 
selectively destroy tissue without requiring a surgical 
incision. The extent of the surgery may be observed 
with the visualizing apparatus and the surgery may be 
performed and monitored by the visualizing apparatus. 
The visualizing and the tissue destructing means are 
under the control of a computer which is suitably pro 
grammed for the particular operation being per 
formed. 

8 Claims, 7 Drawing Figures 
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' NONINVASIVE SURGERY METHOD AND 
APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates in general to method 

and apparatus for performing human and animal sur 
gery. 

2. Description of the Prior Art 
It is at times desirable to destroy or excise tissue at 

locations within the human and animal bodies which 
are displaced from the surface of the body thus requir 
ing that healthy tissue be cut to arrive at the tissue to 
be destroyed or excised. Surgical techniques have been 
developed for operating in the brain and other portions 
of the body but substantial risks to the patient occur 
due to the incision through the healthy tissue to the 
area to be excised or destroyed. 

It has also been known to utilize X-ray and radiating 
sources to destroy tissue. However, such radiation does 
not have a selective capability for destroying certain 
cells and not destroying others. Thus, the placement of 
radium capsules adjacent an area to be destroyed often 
destroys many healthy cells in its vicinity. The place 
ment of radiation capsules in or near internal organs of 
the body also at times requires that surgery be utilized 
for proper placement. 

SUMMARY OF THE INVENTION 

The present invention comprises apparatus and 
method for performing ablative surgery while utilizing 
noninvasive ultrasonic techniques. The visualization 
system is a component of the invention and is useful for 
providing the physician with detailed information con 
cerning the morphology of the tissues under treatment. 
Ultrasonic energy is transmitted and scans the tissues 
under treatment and echoes return from the tissue and 
are displayed for the physician’s study. A computer 
forms a part of the invention and contains a suitable 
atlas of healthy tissue which may be presented on the 
visualization of the tissue under study so as to assist in 
tissue identi?cation and also to identify any abnormali 
ties or disease in the tissue under study. 

High-intensity ultrasonic generating means are pro 
vided capable of producing lesions or tissue modi?ca 
tion for treatment purposes may be generated in the 
organ by means of precise control from the computer. 
Appropriate dosage control permits the use of selective 
effects of ultra sound by which certain tissue compo 
nents may be selectively destroyed and simultaneously 
the operator can see and/or select regions to be modi 
fied with reference to the appropriate display. An index 
marker may be visible in the display so that the location 
of the focus for the lesioning beam with respect to the 
anatomy may be identi?ed. 
The computer controls the dosage and the intensity 

varies as a function of I = I, em where I., is the incident 
acoustic intensity, I is the intensity at the focus, 1 is the 
path length through the tissue and a is the absorption 
coefficient which in a typical example might be 0.2 The 
half power point of the beam might be 2 mm in width 
and thus very small lesions may be formed by control 
ling the radiated energy level and the time of radiation 
such that the threshold for acoustic lesion formation 
occurs only at a very small area. 
Thus, the object of this invention is to present an en~ 

tirely new concept for certain types of surgery for hu 
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2 
mans and other animals. The concept allows the sur 
geon to visualize the body tissue under study without 
requiring that an incision be made due to the ability of 
ultrasonic energy to pass through body tissue and be 
re?ected back to a detecting receiver. After the area of 
interest has been surveyed, a high intensity ultrasonic 
beam may be focused within the tissue to be treated 
such' that only at the focus will suf?cient sound energy 
exist to produce changes in the tissue. The lesions thus 
formed in animal and human tissue by high intensity ul 
trasonic waves can also be visualized by the ultrasonic 
visualization equipment of this invention and thus sur 
gery can be performed with this apparatus such that the 
lesions formed appear on the visualization apparatus 
and the surgeon can control the position, size and result 
of his surgery while directly observing it. Thus the pres 
ent invention provides method and apparatus for ex 
ploratory examination into parts of the body which are 
unaccessible such as the human brain, for example, and 
where the structure of the brain may be clearly pres 
ented and compared with an atlas of healthy tissue such 
that abnormalities and diseases may be recognized. 
While observing the tissue, the surgeon may focus an 
ultrasonic beam of high intensity on the tissue being ob 
served and selectively destroy undesired tissue. As the 
lesions from the lesion-forming beam are produced the 
surgeon may observe with the visualization system the 
production of the lesions so that he knows exactly 
where the lesion producing beam is effective. 
Thus the present invention allows a surgeon. to per 

form brain surgery, for example, without making an in 
cision into the depths of the brain where such surgery 
is required and after observing the structure of the tis 
sue with a visualization system which transmits ultra 
sound and receives re?ections from the area under in 
vestigation, he can identify abnormalities and then pro 
duce lesions with a lesion-producing beam and simulta 
neously observe the e?'ect and locations of the lesions 
thus produced. Since the ultrasonic energy may be 
transmitted into tissue far below the surface of the skin, 
the patient is not subject to shock and infection result 
ing from surgical incisions and only the desired un 
healthy tissue will be destroyed. 
Other objects, features and advantages of the inven 

tion will be readily apparent from the following de 
scription of certain preferred embodiments thereof 
taken in conjunction with the accompanying drawings, 
although variations and modi?cations may be e?'ected 
without departing from the spirit and scope of the novel 
concepts of the disclosure, and in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram illustrating the apparatus of 

this invention; 
FIG. 2 is a block diagram of the visualization system 

of the invention; 
FIG. 3 is a block diagram of the lesion generation sys 

tem of the invention; 
FIG. 4 illustrates the calibration system of this inven— 

tion; 
FIG. 5 is a graph of acoustic intensity versus single 

pulse time to produce threshold lesions in white matter 
of the brain; 
FIG. 6 is a schematic of the pulser of this invention; 

and 
FIG. 7 is a schematic view of the clamper and video 

ampli?er of the receiver. 
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DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 illustrates a patient designated generally as 10 
supported on a treatment and visualization table 11. 
The apparatus and method of this invention utilizes 
ultra sound to observe a wide variety of internal body 
structures. For example, in the present invention, ultra 
sound is transmitted into the brain of the patient 10 for 
visualization by scanning an ultrasonic beam in a pulse 
echo manner such that the ultrasonic pulses are re 
flected from soft tissue ?uid-?lled space interfaces and 
in particular the ventricular system, sulci, ?ssures and 
large blood vessels. It is also possible to observe di 
rectly gray-white matter interfaces. For visualization 
frequency in the range of l to 5 MHz, for example, is 
transmitted into the brain by removing a section of 
skull bone and replacing it with an open stainless steel 
mesh which might typically be 1 X 1 inch mesh made 
from 0.023 inch diameter wire. Such a grid provides 
adequate protection for the brain and provides acoustic 
transparency. The overlying muscle and skin are al 
lowed to heal resulting in a transcutaneous ultrasonic 
window. The present invention allows the brain to be 
visualized through the acoustically transparent opening 
described above and great detail can be achieved in de 
lineating internal brain structures. A 2.25 MHz trans 
ducer was used for pulse-echo visualization and is con 
structed of a spherically-shaped lead zirconate-titanate 
dish (having a 9-cm diameter) with an included beam 
angle of 26°. The transducer was positioned by a spe 
cially adapted Cincinnati turret drill (Cintimatic Model 
DE) and was moved in X, Y and Z coordinates under 
the control of a computer. The mechanical coordinate 
system and sweep unit comprising the Cintimatic 
Model DE is designated by numeral 15 and it is to be 
noted that it supports the transducer 16. The computer 
34 controls the scanning of the transducer 16 and since 
the acoustic system may employ a sharply focused 
transceiver, the focal region can be moved in space so 
that any given echogram comprising a composite of a 
number of echogram bands taken at different depths in 
the specimen may be obtained. Sector scanning is com 
monly used for routine examination and may also be 
employed in combination with linear scanning as a 
form of compound scanning. In omnidirectional scan 
ning, interfaces within the plane of an echogram are 
viewed not only with the axis of the incident beam 
within the plane of section, but also with the axis ori 
ented to a variety of angles with respect to this plane. 
Thus by adjusting the position of the transducer 16 with 
the mechanical coordinate system in sweep unit 15 
such that the distance from the transducer to a plane 
within the brain equals the focal distance allows the 
echogram of the brain at that plane to be observed. 

It has been found very desirable to couple the ultra 
sonic energy to the window in the head of the patient 
such that a matched and non~re?ective interface is ob 

. tained. The use of a liquid coupling medium success 
fully accomplishes this. In FIG. 1, for example, a ?exi 
ble bag 60 containing a suitable liquid is placed against 
the patient's head adjacent the window and the trans~ 
ducer 16 is directly coupled to the liquid in the bag 60 
and through the liquid to the brain of the patient. Thus, 
maximum e?iciency of coupling of the energy from the 
ultra sound transducer 16 is obtained. The liquid in the 
bag 60 might contain protein and organic substances so 
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4 
as to closely match the tissue inside the head of the pa 
tient, for example. 
FIG. 1 illustrates the over-all apparatus of the inven 

tion and includes a visualization system 61 which is 
connected to a computer input unit 33 and computer 
34 and through the computer to the mechanical coordi 
nate and sweep unit 15 which positions the transducer 
16. The visualization system 61 includes a pulser unit 
1 for providing pulses that are coupled through the 
computer to the transducer 16 and these pulses pass 
from the transducer 16 through the fluid bag 60 into 
the head of the patient and are re?ected from the tissue 
under observation. The mechanical coordinate and 
sweep unit 15 scans the beam of the transducer 16 and 
the pulses shock and excite the transducer 16 thus 
causing its ferro-electric element to be displaced and 
thus causing an acoustic pulse to be generated in the 
coupling medium 60 and into the tissue of the patient. 
When this pulse propagates through the coupling me 
dium to the tissue and encounters various interfaces, a 
portion of the energy will be re?ected at the interfaces 
and return to the transducer 16. The transducer 16 will 
generate a voltage due to the ferro-electric element of 
the transducer being effected by the returning echoes. 
Such echoes are ampli?ed by the receiver of the visual 
ization system and are presented on a visual display 
unit 5. The echoes may also be displayed on the graphic 
display unit 6 which may be used in conjunction with 
'a camera 7 so as to photograph the display 6. Atlas 
overlay information 10 may be contained in the com 
puter 34 or might be formed of plastic transparent 
overlays which may be placed over the display units 5 
and 6 so as to allow orientation of the echograms under 
consideration. 
The atlas overlay information from storage 10 of the 

computer provides a means of adding to the visual dis 
play standard anatomical data for aid in the interpreta 
tion of the echoes. The computer may also display 
other information such as the coordinates of the visual 
ized structures, the aiming point of the lesioning system 
and other pertinent information required by the physi 
cian to adequately control the treatment procedure. 
A time-sweep generator 12 is part of the visualization 

system 61 and generates a raster on the visual display 
unit 5 which corresponds to the actual sweep executed 
by the coordinate and sweep unit 15 so that these units 
are synchronized. The computer 34 controls the sweep 
generator 12 as well as the coordinate sweep system 
and sweep unit 15. 
The computer 34 also processes the acoustic data of 

the digital to analog converter 13 and the analog to dig 
ital converter 14, and such control makes it possible to 
vary the intensity of the display as a function of depth 
of the examination in the tissue to compensate for ab 
sorption loss within the tissue. 
The coordinate system 62 allows the mechanical 

sweep of the transducer or to be made as speci?ed by 
the physician and is under control of the computer 34. 
A lesion generation system 63 includes an oscillator 

which may be of the crystal control type and is con 
nected to drive a driver ampli?er 20 through a timer 
19. The driver ampli?er 20 might be a class A moder 
ate power ampli?er producing approximately 50 watts 
r.f. output. The power ampli?er 21 receives the output 
of the driver ampli?er 20 and may be a class A ampli 
?er capable of delivering up to 2,000 watts r.f. power 
to the transducer 16. A matching unit 23 provides an 
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impedance match between the power ampli?er and the 
transducer 16. The matching unit 23 also contains a 
precision voltage divider thus allowing a portion of the 
voltage to be applied to the stabilization unit to ensure 
that the output remains at the desired level and that it 

_ remains constant for the duration of the treatment. ' 

This feedback is under control of the computer 34. An 
automatic keying unit 25 operates the timer 19 during 
the treatment and calibration cycles. 

. A sound-?eld calibration system 65 is provided for 
properly calibrating and testing the unit. This unit al 
lows the various parameters of the system to be moni 
tored and checked. The peak output versus time inten 
sity and the distribution of the acoustic output in the 
sound beam relate directly to the rate of lesion forma 
tion in tissue. Thus by determining the peak output as 
a result of 1 second duration of c.w. pulse of ultra 
sound multiplied by the probe calibration factor deter 
mines the peak output. The peak intensity is localized 
by plotting the intensity along the three major axes of 
the sound beam and a thermocouple probe is contained 
in a stainless steel housing 27 and has a pair of thin 
plastic windows between which is mounted an absorb 
ing medium. A thermocouple probe which has very 
small dimensions compared to the wave length of the 
sound beam is mounted in the housing 27 and measures 
the temperature rise in the absorbing medium resulting 
from the absorption of the acoustic energy. The output 
of the probe is linear as a function of the acoustic inten 
sity. The calibration may be periodically checked to as 
sure accuracy. 
A sensitive ampli?er 28 ampli?es the output of the 

thermocouple probe within the housing 27 and displays 
it on a dual trace oscilloscope 29. The other channel of 
the oscilloscope 29 may be used to display the excita 
tion voltage applied to the ultrasonic transducer 16 and 
a camera 30 may be utilized to record the input-output 
relative to the transducer 16. The sensitivity of the am 
pli?er 28 and the oscilloscope 29 is checked by using 
the microvolt calibration unit standard 32 and the time/ 
mark generator 31 is coupled to the oscilloscope 29. 
Thus the calibration system 65 allows the visualization 
and lesion generation system to be carefully checked 

' before applying ultra sound to the patient for lesion 
producing purposes. 
FIG. 2 is a detailed block diagram of the visualization 

system 61. As previously described, the visualization 
system 61 allows the surgeon or other observer to ob 
serve tissue and obtain an echogram from the tissue. A 
computer 34 controls the output of a pulser 1 which 
produces a pulse 66 of the shape as illustrated in block 
1. This pulse is supplied to the transducer 16 which 
propagates a wave in response to the pulse 66 through 
the medium 60 and into the patient‘s head where a por 
tion of the energy will be re?ected at interfaces and re 
?ected energy will be returned to the transducer 16. 
The transducer will produce an electrical output based 
on the returning echoes and supply such electrical sig 
nals to a receiver 2 which detects the electrical signals 
and amplifies them. These ampli?ed signals are passed 
to the attenuator 3 which adjusts the optimum output 
of the received signals to an appropriate level for opti 
mum interpretation and passes it to an ampli?er 4 
which drives the visual display unit 5. The signals are 
also applied to a photograph display unit 6 which is 
used in conjunction with a camera 7 so that permanent 
records of the echo may be obtained. Camera unit 7 
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might be a Polaroid-type camera and a photocell de 
tecting unit 9 observes the intensity of the display on 
the photographic display 6 and provides an input to a 
dynamic range control 8 which is connected to the 
camera unit 7. Atlas data storage 10 adds visual display 
standard anatomical data which are stored within the 
computer 34 on the visual display unit 5 and the photo 
graphic display 6 so as to allow the echogram received 
from the tissue to be identi?ed and analyzed. The atlas 
data storage and computer 34 may also provide other 
reference information such as the coordinate position 
of the visualized structures, the aiming point of the le 
sioning system and other pertinent information re 
quired by the physician to adequately control the treat 
ment procedure. 
A sweep generator 12 generates the raster on the vi 

sual display unit 5 and 6 and is synchronized with the 
actual mechanical coordinate system and sweep unit 15 
through the computer 34. Thus the display units 5 and 
6 are synchronized with the mechanical sweep system 
so that the echoes will appear in their correct orienta 
tion. The coordinate system 62 provides three output 
shafts 91, 92 and 93 for moving the transducer in the 
X, Y and Z directions. 
Radar sweep and synchronization systems are well 

known to those skilled in the art and the detailed cir 
cuitry for such systems will not be described herein as 
such techniques are well’known in electrical engineer 
ing ?elds. Control of the transducer in the Z direction 
allows the transducer to be focused on tissue at a de 
sired level in the patient. 
An analog to digital converter 14 receives the output 

of the ampli?er 4 and supplies it to the computer 34 
and such information may be processed within the 
computer 34 so as to allow the intensity of the display 
to be controlled as a function of depth of the examina 
tion in the tissue or other regional enhancement to 
compensate for absorption loss within the tissue. After 
processing such information it may be fed from the 
computer 34 through the digital to analog converter 13 
to the ampli?er 4 and the visual display units 5 and 6 
so as to control the units. 
Since the mechanical coordinate system and sweep 

ing unit 62 is under direct computer control, any mode 
of sweeping appropriate for treatment of the patient 
can be speci?ed by the physician and thus the trans 
ducer 16 will be moved appropriately for the visualiza 
tion and treatment of the patient. ' 
Thus the visualization system 61 allows the physician 

to produce an echogram of tissue of the patient without 
making an incision to such tissue and further provides 
means for comparing such echograms with standard 
anatomical atlas data so as to determine if any abnor 
malities are present in the tissue under examination. 
Due to the accuracy of the mechanical coordinate sys 
tem and sweep unit which is synchronized with the dis 
play units 5 and 6, the surgeon knows exactly the loca 
tion of the tissue under study so that he can, if desired, 
produce lesions deep within the structures of the body 
without disturbing overlying tissues and can simulta 
neously observe the position of the lesions thus pro 
duced. 
FIG. 3 is a block diagram of the lesion generation sys 

tem 63 and comprises a crystal oscillator 18 which is 
connected to a driver ampli?er 20 through a timer 19. 
An automatic keying unit 25 controls the timer 19 to 
allow an output of the oscillator 18 to be supplied to 
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the driver ampli?er 20. The automatic keying unit 25 
is under the control of the computer 34. The computer 
34 also supplies output to the attenuator 26 to control 
the crystal oscillator 18. 
The driver ampli?er 20 supplies an output to the 

power ampli?er 21 which also receives an input from 
the power supply 22. The power ampli?er 21 supplies 
an output to the matching unit 23 which drives the 
transducer 16. The matching unit 23 contains a preci 
sion voltage divider for permitting a portion of the volt 
age to be applied to the stabilization unit 24 which pro 
vides a feedback to the driver ampli?er 20. The stabili 
zation unit also receives an input from the computer 
34. This feedback system assures that the output to the 
transducer remains at the desired level and remains 
constant. The automatic keying unit 25 operates the 
timer during both treatment and calibration modes of 
operation. The attenuator 26 controls the output of the 
crystal oscillator 18. 
The lesion generation system provides a means for 

producing small discrete focal lesions anywhere within 
the deep structures of the body without disturbing 
overlying tissue. The acoustic energy for lesion produc 
tion is approximately 1,000 times the energy required 
for visualization and thus the lesion producing trans 
ducer may differ from that of the visualization trans 
ducer. However, for purposes of explanation, trans 
d_uc_er?l6 is illustrated as being used, for both visualiza 
tion and‘lesio'n generation systems. It is to be realized, 

' of coursekthat it is well within the skill of those in the 
aft’t'owtitilize one or two transducers for these two pur 
poses. ‘ 

During the lesion generation mode of operation, it 
has been discovered that speci?c tissue effects are 
found for exposure to high intensity ultra sound. For 
example, levels of energy above a certain threshold 
produce irreversible tissue modi?cation whereas levels 
of energy below the threshold level do not permanently 
alter the tissue. It has also been discovered that the 
threshold energy levels for all tissue are not the same. 
The utilization of a focused transducer allows energy to 
be supplied to tissue at the focus point which has an in 
tensity just above the threshold and thus tissue at the 
focus will be modi?ed but other overlying or underly 
ing tissue will not be affected by the ultrasonic irradia 
tion. 
FIG. 5 is a graph of acoustic intensity versus single 

pulse time duration to produce threshold lesions in 
white matter of the mammalian brain. There are three 
distinct types of lesions which are identi?able based on 
the intensity level and the time of application of the en 
ergy to the tissue. For short time, high intensity levels 
as, for example, for times of 10 milliseconds or less, 
along the curve of FIG. 5, cavitation generated lesions 
form. Cavitation generated lesions destroy all sur 
rounding tissue and produce hemorrhaging at the site 
and have no selective effect. Cavitation generated le 
sions are immediately discernible. The cavitation gen 
erated lesions occur where there are cavitation nuclei 
which is generally in the vascular system ?uid-material 
interface and does not exhibit the desired selective ef 
fect of acoustic lesions which occur in the range of IO 
seconds to 10 milliseconds with the energies illustrated 
on the curve of FIG. 5. Such acoustic lesions formed in 
the 10 second to 10 milliseconds range on the curve of 
FIG. 5 has the selective capability of destroying certain 
cells and not destroying other cells. The acoustic en 
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8 
ergy in this time and energy range has an effect on the 
chemistry of the cell and has a threshold which varies 
for different cells. Also, it has been observed that there 
is no cumulative effect of energy in the range from 10 
second to 10 milliseconds of the curve of FIG. 5, thus 
repetitive exposure to energy level below those illus 
trated in FIG. 5 do not accumulate. The lesions formed 
with the energy intensity and the time between 10 sec 
onds and 10 milliseconds on the curve of FIG. 5 have 
different characteristics than lesions formed from cavi 
tation generated lesions particularly in brain tissue. 
Acoustic generated focal lesions occur at the focus of 
the energy and thus may be very accurately formed 
with a focused ultrasonic transducer. 
Also, the effect of forming acoustically generated _ 

focal lesions is more subtle. Surrounding cells are not 
destroyed as in the cavitation generated lesion process. 
The ultra sound causes the irradiated cells to cease to 
function instantaneously and there is a change in the 
transmembrane potential which causes dipolarization. 
For example, a nerve cell when subjected to acoustical 
energy above the threshold level will no longer propa 
gate an electrical impulse and the myelin sheath of the 
nerve cells start to break up. 

Acoustic generated lesions appear slowly and effect 
tertiary cellular structure. The changes occur from 10 
minutes to an hour after radiation. 
For radiations longer than 10 seconds on the curve 

of FIG. 5, thermal lesions occur. Forty-six degrees cen 
tigrade is the threshold of heat for the formation of 
thermal lesions and the selective effects for thermal le 
sions are not as good as acoustic generated lesions in 
the range of l0 seconds to 10 milliseconds. 
The size of focus of an ultrasonic beam is related to 

the wave length and a frequency of 4 MHz can be fo 
cused to a volume as small as 0.04 cubic millimeters. 
Also, arrays can be used to produce lesions of any size. 
The ability of acoustic radiation for destroying the 

ability of cells to transmit electrical pulses can be used 
in Parkinson’s disease wherein the tremor condition 
caused by unbalance in the neural servo system often 
exists. Neural systems generally have a direct system 
and an excitatory system and by radiating the excit 
atory side, the tremor can be stopped without destroy 
ing the function served by the direct system. FIG. 4 il 
lustrates the sound ?eld calibration system wherein a 
very sensitive thermocouple probe is contained in a 
stainless steel housing 27 which has two thin plastic 
windows between which is mounted an absorbing me 
dium. The thermocouple probe measures the tempera 
ture rise in the absorbing medium resulting from the 
absorption of acoustic energy when placed in the out 
put path of the transducer 16 and supplies an output to 
ampli?er 28. Ampli?er 28 ampli?es the output of the 
thermocouple probe and presents the output on a dual 
trace oscilloscope 29. The second channel of the oscil 
loscope 29 may be used to display the excitation volt 
age applied to the ultrasonic transducer 16. The oscil 
loscope display may be photographed with a camera 30 
to record the input-output relative to the transducer 
16. The sensitivity of the ampli?er 28 and the oscillo 
scope 29 is checked by using a microvolt calibration 
standard 32 which may be selectively connected to 
apply an input to the ampli?er 28. The time base of the 
display oscilloscope may be checked with a time-mark 
generator 31. 
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FIG. 6 is an electrical schematic view of a pulser 1 for 
producing the pulses 66 of the visualization system il 
lustrated in FIG. 2. An input is applied from computer 
34 to a transistor T1 through a capacitor C1 and a resis 
tor R2. The resistor R1 is connected from terminal 71 
to ground. The emitter of transistor T1 is connected to 
ground and the resistor R3 is connected between the 
emitter and collector. The resistor R13 is connected 
between the collector of transistor T1 and a suitable bi 
asing source. A zener diode D1 is connected between 
the collector of transistor T1 and ground. A capacitor 
C2 and the primary of a transformer Ll are connected 
from the collector of transistor T1 to ground. 
The secondary of transformer L1 is connected to the 

gate of an SCR through a resistor R4. Resistor R5 is 
connected between the gate and ground. The cathode 
of the SCR is connected to ground and the anode is 
connected to a suitable biasing source through a resis 
tor R6 and an inductance L2. The anode is coupled 
through a capacitor C3 to a pair of output terminals 72 
and 73 which are respectively connected to the trans 
ducer 16 and the receiver 2. The output pulse 66 is il 
lustrated above the output terminals 72 and 73. 
The pulser unit 1 provides the means of shock excit 

ing the transducer with %-waves of phase excitation. 
Following excitation the phase is shifted such that the 
voltage supplied to the transducer provides actual dy 
namic breaking. The maximum range resolution of the 
system is obtained when the shortest possible excitation 
is utilized. 
FIG. 7 illustrates the clamper and video ampli?er 

portion of the receiver 2 of this invention. The clamper 
circuit is mounted ahead of the video ampli?er of the 
receiver so as to protect the ampli?er from high energy 
level signals from the pulser which are applied to the 
transducer 16. The input terminal 73 is connected to 
the transducer 16 and to the output of the pulser 1. The 
input terminal 73 is coupled through the capacitor C4 
and inductor L3 to a pair of resistors R16 and R17 and 
to the base of a transistor T2. A pair of diodes D2 and 
D3 are connected between the junction point of the in 
ductor L3 and resistor R16 and ground. The anode of 
diode D3 is connected to ground and the cathode of 
diode D2 is connected to ground. 
The emitter of transistor T2 is connected to the input 

of the video ampli?er through capacitor C10. Opera 
tional ampli?er 94 which might be for example type 
MC 15 106 receives the output of the clamper circuit 
and applies an output through resistor R26 and capaci 
tor C12 to the base of output transistor T3. The collec 
tor of transistor T3 is coupled to the output terminal 85 
through a capacitor C14. 

in the clamper circuit, the collector of transistor T2 
is connected to a suitable biasing source through a re 
sistor R21. A capacitor C8 is connected between the 
collector of transistor T2 and ground. A resistor R19 is 
connected between a suitable biasing source and the 
resistor R20 which is connected to the emitter of T2. 
A capacitor C9 is connected from the resistor R20 to 
ground. Diode D7 has its cathode connected to the 
base of transistor T2 and its anode to ground. A diode 
D6 has its anode connected to the base of transistor T2 
and its cathode connected to a capacitor C7 which has 
its other side grounded. A resistor R18 is in parallel 
with capacitor C7. 
A capacitor C5 is connected to the junction point be 

tween resistors R16 and R17 and has its other side con 
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10 
nected to a pair of diodes D4 and D5. The diode D5 has 
its cathode connected to ground and the diode D4 has 
its anode connected to a capacitor C6 and a resistor 
R15. The other side of the resistor R15 is connected to 
a wiper contact 90 which engages a resistor R14. A 
suitable biasing voltage is connected to one end of the 
resistor R14 and the other end is connected to ground. 
The emitter of transistor T3 is connected to a suitable 

bias source through resistor R30 which has a capacitor 
C13 in parallel with it. A diode D8 has its cathode con 
nected to ground and its anode connected to resistors 
R25 and R31. The other side of resistor R25 is con-_ 
nected to the operational ampli?er 94 and to a capaci 
tor C11 which has its other side connected to ground. 
Resistor R31 is connected between the resistor R30 
and resistor R25. A resistor R29 is connected from the 
base of transistor T3 to the resistor R31. A resistor R32 
is connected between resistors R22 and R28 which has 
its other side connected to the collector of transistor 
T3. Resistor R33 is connected between the base of 
transistor T3 and resistor R32. 

In operation when the pulser 1 puts out a signal it is 
received on input terminal 73 of the of the clamper and 
the diodes D2,D3, D5, D6 and D7 clamp the high en 
ergy pulses to ground thus preventing the input of the 
video ampli?er from being saturated. It were saturated 
it would not recover in time to detect the very low level 
echo pulses reflected from the tissue under study. After 
the pulser signal has been turned o?‘ an echo from the 
tissue under study will be received from the transducer 
16 and will pass to input terminal 73 and through the 
transistor T2 to the video ampli?er comprising the 0p 
era?onal ampli?er 94 and the output transistor T3. The 
ampli?er will not be saturated due to the clamping ac 
tion which occurred when the high power output signal 
was received at input terminal 73 from the pulser 1. - 
The dynamic range of ultrasonic echoes may extend 

over several orders of magnitude and as such, is beyond 
the capability of most display units. Compression of the 
dynamic range to ?t within the limits of the display is 
not the best solution; rather, a selection of the appro 
priate proportion of the dynamic range of the returning 
echoes which contain information of diagnostic value 
is the best approach to the display problem. 
To achieve this objective, the ultrasonic instrumenta 

tion described in this invention provides means for ex 
amining the A-mode display of returning echoes. The 
magnitude of the echoes may be adjusted such that the 
important echoes fall within the display capabilities of 
this unit. The video display unit is designed so that 1 v 
of video input signal produces the maximum z-axis in 

. tensity which can be recorded on the photographic ma 
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terial with the aperture set atf16, and 0.1 v is the least 
detectable z-axis intensity which can be recorded. This 
10 to l range is the limitation imposed only by the pho 
tographic material; it is not an inherent limitation of the 
other parts of the system. By increasing the aperture to 
large values, the dynamic range can be expanded to 
correspond to a smaller change in voltage. At f4, the 
full range from minimal detectable signal to saturation 
is increased to 0.1 v change in video input level, i.e., 0.2 
v results in saturation and 0.1 v is the minimum detect 
able signal. Thus, a small change in input signal can be 
represented by a large change in the z-axis intensity. 
The operator is provided with a control over: (1) the 

video intensity which is the voltage range of the video 
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signal; (2) the camera intensity, which is a DC offset 
on the video signal; and, (3) the aperture. 
By appropriately adjusting these controls, the opera 

tor can select any portion of a video signal to corre 
spond with any part of the dynamic range of the display 
unit. In order to quantitate the intensity of the speci?c 
echoes which may be important in differential diagno 
sis, it is desirable to be bale to measure the intensity of 
speci?c echoes. This can be done best by making volt 
age measurements from the raw video data. The prob 
lem arises as to determining the correspondence be 
tween the anatomical information on the one hand and 
the video signal on the other. This is accomplished by 
the use of an electronic marker to display a speci?c line 
of the two-dimensional B-mode raster, which identi?es 
for the operator the relationship between the anatomy 
and the corresponding video signal. 
An alternative method of measuring the intensity of 

signals, that makes use of a relative rather than abso 
lute intensity measurment, is the photocell unit con 
nected to the display. The photocell can be utilized to 
determine the boundaries of the signal in some speci?c 
location corresponding to a particular morphological 
feature. Control of the display can be accomplished ei 
ther manually or automatically by varying the three 
controls mentioned above. 
Identi?cation of ultrasonic echo data and interpreta 

tion of echograms are materially aided by the availabil 
ity of atlas overlay data. These data may be stored as 
acetate transparencies which can be moved over the 
face of the display unit to achieve a one-to-one corre 
spondence between atlas overlay and anatomical fea 
tures depicted by the ultrasound. Atlas information 
may also be stored within the computer and displayed 
electronically by adding this input to the video signals. 
Reference coordinates, as well as other pertinent infor 
mation, may be printed on the margin of the echogram 
through signals generated by the computer. Thus, the 
physician is able to relate the anatomical atlas to the 
echogram by a simple inspection of the composite pic 
ture. 

The transducer utilized in this invention may have a 
large aperture, high sensitivity and comprise a high res 
olution device. The transducer may be made of a ferro 
electric element mounted in a stainless steel housing 
and electrical input and output may be connected to 
the element through a matching circuit which receives 
a coaxial cable ?tting. Matching layers and damping 
layers are provided to improve the resolution capability 
and to provide for better energy transfer. Damping of 
the acoustic element is important for range resolution 
although excessive viscous damping may produce 
losses which are important in the high energy handling 
capacity of the transducer. Thus, electrical damping is 
desirable for achieving the desired vdamping. Heat dissi~ 
pation is also minimized through the selection of an ap 
propriate ferro-electric material. 
Lead metaniobate crystals provide a suitable ferro 

electric material for the transducer of this invention. 
Such crystals effectively dissipate heat. Heat dissipa 
tion becomes important when the transducer is used in 
the lesioning mode. Means are provided to improve the 
heat exchange between the transducer and the cou 
pling medium in which the transducer is immersed. The 
energy coupled to the coupling medium from the trans 
ducer transmits the sound to the tissue under treat 
ment. 

12 
Thus, it is seen that this invention provides means for 

studying tissue within the body of an animal by trans 
mitting ultrasonic energy with a focusing transducer 
which is scanned over tissue and echoes are received 
from the tissue at the focal point of the transducer and 
are returned for presentation to the operator. The 
transducer may be moved to vary the distance from the 
patient such that the focal point of the transducer will 
occur at different layers in the tissue such that echo 
grams can be obtained from the desired tissue layer. 
The presentation means is synchronized with the scan~ 
ning means of the transducer so that a suitable echo 
gram may be received. After the echogram has been 
studied, tissue may be destroyed by selectively subject 
ing it to much higher levels of ultra sound energy which 
is applied by a transducer focused on the desired points 
of lesioning. The formation of the lesions may be ob 
served by utilizing the visualization mode of the equip 
ment so as to assure that lesions occur at the desired lo 
cations. 
Thus, the invention provides means for performing 

' surgery at internal portions of the body without incision 
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to such portions and without injury to tissue on either 
side of the destroyed tissue. Thus the chance of infec 
tion and shock to the patient are substantially reduced 
and the time required for the patient to remain in the 
hospital is substantially decreased. 
Although the invention has been described with re 

spect to preferred embodiments, it is not to be'so lim 
ited as changes and modi?cations may be made therein 
which are within the full intended scope as de?ned by 
the appended claims. 
What we claim is: 
1. Apparatus for observing and diagnosing animal tis 

sue and selectively destroying tissue comprising: 
a computer having ?rst means for transmitting and 
scanning a focused ultrasonic beam having a rela 
tively low energy level into said animal; 

said computer including means for receiving an echo 
of ultrasonic energy from said tissue and presenting 
said echo for observation or by holographic and 
transmission methods; 

said computer having means for calculating and indi 
cating the aiming point of a focused ultrasonic 
beam, 

second means for transmitting into said animal said 
focused ultrasonic beam having an energy level 
high enough to selectively destroy cells of said ani 
mal, 

comprising means for scanning and focusing said ?rst 
and second means on the same tissue, 

including alternately transmitting and scanning said 
tissue with said ?rst and second means such that 
lesions formed by said second means are visually 
presented for observation. 

2. Apparatus according to claim 1 comprising means 
for superimposing anatomical atlases on said echoes for 
comparing said tissue under observation with standard 
tissue. 

3. Apparatus according to claim 1 including anatomi 
cal atlas information stored in said computer for pre 
sentation with the echoes of said ?rst means. 

4. Apparatus according to claim 1 wherein said ?rst 
means includes a transducer for transmitting and re 
ceiving ultra sound energy from said tissue, a pulser at 
tached to said transducer for transmit?ng ultra sound 
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energy, and a receiver attached to said transducer for 
detecting said echoes. 

5. Apparatus according to claim 4 including a clamp 
ing circuit connected between said receiver and said 
transducer for preventing energy above a predeter 
mined level from passing into said receiver. 

a 6. Apparatus according to claim 1 comprising third 
means for calibrating said ?rst and second means. 

7. Apparatus according to claim 5 wherein said third 
means includes a thermocouple for detecting and cali 
brating energy in the beam of said ?rst and second 
means. 
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8. A method for performing human and animal sur 

gery on the tissue field including focusing a low energy 
ultrasonic beam on a certain region of the body, receiv 
ing with a computer producing and displaying the aim 
ing point for a second ultrasonic beam, focusing the 
second ultrasonic beam for producing the surgical le 
sions in correct geometrical relationship with respect to 
the surgical field and appropriate tissues and receiving 
and displaying with said computer the surgical lesions 
as they are formed. 
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