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MONITORING THERMAL CONDITIONS TO VARY OPERATION OF
AN ULTRASONIC NEEDLE TIP OF A SURGICAL INSTRUMENT

BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present application relates to slowing or stopping the
vibratory speed of an uitrasonic needle tip of a surgical instrument during
ocular surgery or to withdrawing the needle, depending upon whether a
medically unsafe thermal condition is likely to be reached if the ultrasonic
needle tip is permitted to continue to vibrate at the same rate of speed and at

the same location.
Description of Related Art

[0002] US Patent No. 5,409,481 describes a laser tissue welding
control that includes monitoring through a surgical microscope and using an
infrared radiation wavelength detector, i.e., a pyrometer, to ascertain
temperature of a viewed object because the sensed infrared wavelengths are
proportional to the temperature of the viewed object. An example of a

pyrometer is that of Model M67S produced by Mikron Instrument Co.

[0003] US patent 5,505,693 (the ‘693 patent) describes an invention
that reduces heat generation during ocular surgery from giving rise to an
medically unsafe thermal condition caused by heat generation from frictional
effects of a vibratory motion of an ultrasonic needle tip of a surgical instrument

acting on surrounding tissue. The normal temperature of body tissues is
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37°C., the surface tissue of the eye is normally slightly cooler, typically 35°C,
and a temperature of approximately 55°C. or greater can cause damage to
ocular tissue.

[0004] In a worst-case scenario of an ultrasonic transducer, driver and
needle with a mass of 23 grams, a frequency of 60 KHz and a stroke length of
0.004 inches, the following calculation can be made. Ultrasonic power is
approximately 32 Joules/second. If 80% of this energy is dissipated on the
sleeve(s), the heat energy released would be 6 calories/second. Assuming
that the area of a sleeve in contact with the tissue is 15-20 square millimeters
and that a 3 mm thick region of tissue surrounding the sleeve accepts all the
heat, temperature rise (in this region of tissue) would be 10°.-14°. C./second.
Within this region of tissue and fluids, there will exist a temperature gradient,
with the tissue in direct contact with the sleeve having the highest
temperatures, and that most separated from direct sleeve contact
experiencing lesser temperature elevations.

[0005] Under these circumstances, the approximate 55° C. or greater
limit would be reached in 1.5-2.0 seconds of full-power application by the
ultrasonic transducer. In accordance with the invention, a dynamic friction
coefficient of 0.1 between the outer needle surface and the inner sleeve
surface will reduce heat generation by 90%, and will allow at least 15-20
seconds of operation before a tissue temperature of approximately 55°C. or

greater limit is reached.
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[0006] It would be desirable to prevent a medically unsafe thermal
condition from being reached while operating a vibratory needle of a surgical

instrument.

SUMMARY OF THE INVENTION

[0007] One aspect of the invention resides in detecting an infrared
radiation wavelength with a thermal imaging or thermal recognition source,
evaluating whether a critical temperature has been reached based on the
detecting, and, if so, generating appropriate command signals to either slow
or stop the needle vibratory speed or withdraw the needle from its relative
position.

[0008] Another aspect of the invention resides in carrying out the
detecting of infrared radiation wavelengths at a location along the surgical
instrument other than at the needle tip, such as proximal to the needle tip, at
the needle hub or at the needle driver.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For a better understanding of the present invention, reference is
made to the following description and accompanying drawings, while the
scope of the invention is set forth in the appended claims:

Fig. 1 is a schematic representation of a thermal imaging or thermal
recognition source, surgical operating microscope and surgical instrument in
accordance with the invention.

Fig. 2 is a schematic representation as in Fig. 1 but of a further

embodiment.



WO 2005/110229 PCT/US2004/011674

DETAILED DESCRIPTION OF THE INVENTION

[0010] The subject matter of the ‘693 patent is incorporated by
reference. The present invention broadens and amplifies that subject matter
with respect to providing infrared radiation wavelength detection, evaluating
same with respect to a critical temperature, and issuing appropriate command
signals.

[0011] Turning to Figs. 1 and 2, two embodiments are depicted. Each
shows a monitor 10, a surgical operating microscope 18 and a surgical
instrument 24. They differ with respect to the location of the monitor 10 and
the components that direct the light, including infrared wavelengths, from a
heat source to be monitored such as a surgical field in the eye.

[0012] The monitor 10 may be a thermal imaging or thermal recognition
source, such as a conventional thermal imaging camera or optical pyrometer,
which is exemplified in US Patent No. 5,409,481, whose contents are
incorporated by reference.

[0013] Turning to Fig. 1, the monitor 10 may detect the infrared
wavelengths passing through an attachment tube 12. The attachment tube 12
has a lens 14 that collimates the light entering the tube 12. The tube 12 is
attached via conventional fasteners 16 to the surgical operating microscope
18 so as to be aimed at the same location as that \of the surgical operating
microscope 18. The light travels through the tube 12 to reach the monitor 10,
which may be an optical pyrometer or thermal imaging camera. The monitor
10 may be equipped with its own further lens (not shown) to focus the

collimated light emerging from the tube 12.
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[0014] In a conventional manner, the surgical operating microscope 18
has a lens 20 that collimates the light that passes through. Such light reflects
off an optical beam splitter 22, which splits and directs the light in two
directions; along an optical pathway to the surgeon and along an optical
pathway to a conventional video recording device.

[0015] Turning to Fig. 2, the beam splitter 22 may be configured to
allow the light to reflect, as in the embodiment of Fig. 1, and pass through the
beam splitter 22 to reach the monitor 10. Alternatively, the monitor may be
arranged within the optical pathway to the surgeon or to the video recording
device. Indeed, an additional beam splitter may be arranged in such an
optical pathway to reflect thé infrared radiation wavelengths to the monitor 10
in a manner as described in U.S. Patent No. 5,409,481, whose contents are
in;:orporated by reference.

[0016] As concerns the embodiments of both Figs. 1 and 2, the
monitor 10 is automatically/desirably directed at the location where the heat
arises due to the surgical instrument operation. That is, whenever the
microscope is aimed at the surgical instrument, the attachment 12 is aimed in
a like manner in unison with that of the surgical instrument.

[0017] If the monitoring is done through the optical channels or
pathways of the microscope 18 as in the embodiment of Fig. 2, the objective
lens(es) 14 of the microscope may need to be modified to be more
transmissive of the infrared wavelengths that must be monitored. For

example, the typical glass or fused silica used in microscopes might need to
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be changed to a quartz or other material known to transmit infrared radiation
well.

[0018] The contents of U.S. Patent No. 5,409,481 are incorporated
herein by reference with respect to an infrared radiation detector or pyrometer
used in conjunction with the surgical microscope to view and monitor an
object whose temperature is to be ascertained. Also, the optical beam
splitters of the present invention may be any conventional type such as that
disclosed in U.S. Patent No. 5,409,481 that is incorporated by reference.
[0019] The detected infrared wavelengths are proportional to a
corresponding temperature that is compared to the critical temperature or
critical change in the temperature. The critical temperature or critical change
in temperature may constitute a demarcation of temperature ranges between
those below that are medically safe for tissue to achieve and those above that
risk and therefore being medically unsafe for tissue to achieve. When such a
critical temperature or critical change in temperature is reached, an evaluation
of such a thermal condition is made so that appropriate command signals may
be generated by a controller 46 to a ultrasonic handpiece containing the
needle driver 36 of a surgical instrument 24.

[0020] A conventional surgical instrument 24 to effect
phacoemulsification is shown in Figs. 1 and 2. It includes a needle 26 having
a suction port 28 at its tip 30, an aspiration flow passage 32 within a hub 34
that permits an aspiration flow from the suction port 28 to a discharge, which

may be attached to a suction device (not shown) such as a vacuum.
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[0021] The needle 26 is driven to vibrate at ultrasonic speeds in a
conventional manner by a surgical handpiece/driver 36 so as to break up
tissue (such as cataract) to be suctioned through the aspiration flow passage
32. An optional elongated inner sleeve 38 and an optional elongated outer
sleeve 40 are concentrically arranged about the needle 26 to extend along the
length of the needle 26, although such sleeves are not réquired for practicing
the present invention. A gap 42 is formed between the inner and outer
sleeves 38, 40 to allow for an irrigation flow to emerge through one or more of
the irrigation ports 44. The surgical handpiece/driver 36 responds to
command signals from an ultrasonic generator 48 to drive the needle 26 at a
particular speed, such as ultrasonic, or to slow down or stop altogether. The
monitor 10 may have a focusing lens 50 to focus the collimated light from the
microscope lens 14 as shown in Fig. 2 or may be attached to the attachment
tube 12 of Fig. 1.

[0022] The uitrasonic generator 48 receives direction form a controller
46, which evaluates sensed detection signals from the monitor 10 to
determine whether the needle needs to be slowed, stopped or withdrawn
based on the sensed detection signals and issue appropriate command
signals to the ultrasonic generator 48 to drive the needle 26 accordingly. If
desired, two or more critical temperatures may be used to compare with the
temperature corresponding to the sensed infrared radiation wavelengths. If
the corresponding temperature matches the lower critical temperature(s), the

speed of vibration of the needle would be slowed. If the corresponding
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temperature matches the highest critical temperature, either the needle would
need to be stopped from vibrating or be withdrawn.

[0023] The monitor 10 may be configured to send the detection signals
electronically to the controller 46 and/or audibly and./or visually to the
physician to signify the thermal condition sensed. The controller 46 may
respond by emitting detection signals that are indicative of the thermal
condition sensed. Alternatively, the controller 46 may respond to an absence
of signal generation as signifying that the thermal condition has been
achieved.

[0024] Alternatively, the critical temperature may be a temperature
sufficiently close to the medically unsafe temperature that prompt cessation or
lowering of the amount of heat generation will avoid actually reaching the
medically unsafe temperature, but the critical temperature is still at a
medically safe level for surrounding tissue.

[0025] If the detected infrared wavelengths are correlated to a change
in temperature, then by comparing this change in temperature with a critical
change in temperature (corresponding to attaining the afore-mentioned critical
temperature), a signal would generate that signifies that such a critical change
in temperature had been achieved in a manner that is the same as for the
previous discussion concerning achievement of the critical temperature.
[0026] The ‘693 patent calls for monitoring the temperature on the outer
surface of the ultrasonic needle. However, | have conducted experimentation
that indicates that the greatest temperature elevation may actually occur

proximal to the tip of the needle 26, such as along its hub 34 or even in the
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ultrasonic handpiece/metallic "driver" 36 to which the needle is attached (the
ultrasonic handpiece/driver 36 is in turn connected to the ultrasonically
vibratable material which is either a piezoelectric crystal or metallic, i.e.,
nickel).

[0027] The elevated temperature in either the ultrasonic
handpiece/driver 36 or the needle hub 34 can rapidly spread to the needle tip
30 (and thus to the tissues of the eye that surround the needle tip 30).
Therefore, monitoring the former areas should be done and the operation of
the surgical instrument 24 should be modified to respond to temperature
elevation in these regions (or even more simply to respond to the greatest
temperature detected at any location within the surgical field) by discontinuing
the ultrasonic vibration if a certain critical temperature is reached.

[0028] The surgical instrument includes an optional outer sleeve 40, an
optional inner sleeve 38 and a gap 42 between the outer and inner sleeves
38, 40 through which irrigation flow is directed to emerge through an irrigation
port 44 in the vicinity of the surgical field close to needle tip 30. The needle
tip 30 has a suction port 28 to create an aspiration' flow through an aspiration
passage 32 from the surgical field to an aspiration port for removal of cataract
tissue or the like.

[0029] The controller 46 generates command signals to the ultrasonic
handpiece/driver 36 to fix the “stroke length” and thus speed of vibration of the
needle 26, such as in accordance with a pre-set program. The needle 26 may
vibrate at ultrasonic speeds. The controller 46 also generates command

signals when warranted to slow or stop the needle 26 and the ultrasonic
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handpiece/driver 36 responds accordingly to carry out the instructions to slow
(reduce the “stroke length” )or stop the needle vibration.

[0030] Instead of issuing command signals to slow or stop the needle,
the needle tip 30 may simply be withdrawn from its position so it no longer
creates any friction with surrounding tissue that further heats the area. Such
withdrawal may be done in one of two ways. One way is done manually by
the surgeon who receives an indication that the detected temperature has
reached a critical temperature. Upon learning of this thermal condition, the
surgeon then withdraws the surgical instrument 24 so that the tip 30 does not
continue to rub against tissue that results in frictional heating effects. Another
method would utilize a needle that is retractable from its extended position
where its tip 30 protrudes outward from the surgical instrument 24 to a
retracted position where the tip 30 is withdrawn into the surgical instrument
24, the controller 46 may generate command éignals to an appropriate device
that may cause the ultrasonic handpiece/driver 36 to retract the needle even
though the neédle may or may not continue to vibrate at its set speed.

[0031] If the ultrasonic handpiece/driver 36 is incapable of retracting
the needle 26, the needle 26 may be spring biased (not shown) into a
retracted position such that its tip no longer protrudes. Command signals
from the controller 46 may trigger a latch mechanism (not shown) to release
the spring and thereby allow the needle to retract. To restore the needle to its
extended position, the needle would be pushed, for instance manually,

against the spring bias until latched into its extended position.
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[0032] Once the needle speed is stopped due to the attainment of a
thermal condition corresponding to the critical temperature condition, irrigating
the surgical site cools it within seconds sufficiently to lower the temperature.
The drop in temperature may be monitored until it reaches a sufficiently low
temperature that the needle may resume vibration without risk of again
achieving the thermal condition too quickly so that the physician is unable to
work on the surgical site for a medically desired time period. If desired, the
lower temperature that must be achieved before the needle will be permitted
to vibrate again may be that of the original starting temperature before the
temperature rose to attain the thermal condition corresponding to that of the
critical temperature condition.

[0033] While the foregoing description and drawings represent the
preferred embodiments of the present invention, it will be understood that
various changes and modifications may be made without departing from the

spirit and scope of the present invention.
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WHAT IS CLAIMED IS:

1. A method of operating a surgical instrument, comprising

detecting infrared radiation wavelengths with a thermal imaging or thermal

" recognition source;

evaluating the detected infrared radiation wavelengths to determine whether a

thermal condition has been reached;

generating command signals in response to the evaluating making a

determination that the thermal condition has been reached; and

varying at least one of a vibrational speed and a relative position of a needle

of the surgical instrument in response to the command signals.

2. . A method as in claim 1, further comprising driving the needle to vibrate at
ultrasonic speeds, the detecting being of the infrared radiation wavelengths given off

that are-attributed to the driving of the needle to vibrate at the ultrasonic speeds.

3. A method as in claim 1, wherein the detected infrared wavelengths have a
corresponding temperature, the varying causing the corresponding temperature to

stop rising further.

4. A method as in clam 1, further comprising aiming a surgical operating
microscope, and arranging the thermal imaging or thermal recognition source to
effect the detecting through the optical pathways of the surgical operating

microscope.

—_— =12 #8!
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5. A. method as in clam 1, further comprising attaching an optical attachment
having an optical pathway to an outer housing of a surgical operating microscope
and arranging the thermal imaging or thermal recognition source to effect the

detecting through the optical pathwayé of the optical attachment.

6. A method as in claim 1, further comprising selecting the thermal imaging or
thermal recognition source from a group consisting of a thermal imaging camera and

an optical pyrometer.

7. A method as in claim 4, wherein the surgical operating microscope has an
objective lens formed of a material that is more transmissive of the infrared radiation

waveléngths than that of glass or fused silica.

8. A method as in claim 1, wherein the detecting of the infrared radiation
" wavelengths is directed at a location selected from a group consisting of proximal to
a needle tip of the surgiéal instrument, along a hub of the needle of the surgical

instrument, and at a driver of the surgical instrument to which is attached the needie.

9. A method as in claim 1, wherein the varying is selected from a- group
consisting of slowing a vibrational speed of the needle, stopping the needle and
withdrawing the needle in response to a corresponding temperature of the detected

infrared radiation wavelengths reaching at least a critical temperature.

10.  An apparatus to operate a surgical instrument, comprising

13
RECTIFIED SHEET (RULE 91)



WO 2005/110229 PCT/US2004/011674

a detector of infrared radiation wavelengths with a thermal imaging or thermal

recognition source;

a controller responsive to the detected: infrared radiation wavelengths to

determine whether a thermal condition has been reached;

a generator configured to generate command signals in response to the

controller making a determination that the thermal condition has been reached; and

a driver configured to vary at least one of a vibrational speed and a relative

position of a needle of the surgical instrument in response to the command signals.

11.  An apparatus as in claim 10, wherein the detector is configured to generate
detection signals indicative of the detected infrared radiation wavelengths, the
controller being responsive to the detection signals to issue ft.xrther command signals
to.the driver provided a temperature corresponding to the detected infrared radiation
wavelengths at least reaches a critical temperature, the driver being responsive to

the further command signals to at least reduce a speed of vibration the needle.

12.  An apparatus as in claim 10, wherein the detector is configured to generate
detection signals indicative of the detected infrared radiation wavelengths, the
controller being responsive to the detection signals to issue further command signals
to the driver provided a temperature corresponding to the detected infrared radiation
wavelengths at least reaches a critical temperature, the driver being responsive to

" the further command signals to withdraw the needle.

14
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13.  An apparatus as in claim 11, wherein the driver is responsive to the further

command signals to reduce the speed of vibration of the needle to a stop.

14. An apparatus as in clam 10, further comprising a surgical operating
microscope, the detector being arranged to detect the infrared radiation wavelengths

through optical pathways of the surgical operating microscope.

15.  An apparatus as in clams 10, further comprising-an attachment having an
optical pathway and that is attached to an outer housing of the surgical operating
microscope, the detector being arranged to detect the infrared radiation wavelengths

through an optical pathway of the attachment.

16. An apparatus as in claim 10, wherein the thermal imaging or thermal
recognition source is selected from a group consisting of a thermal imaging camera

and anoptical pyrometer.

17. An apparatus as in claim 14, wherein the surgical operating microscope has
an objective lens formed of a material that is more transmissive of the infrared

radiation wavelengths than that of glass or fused silica.

18.  An apparatus as in claim 11, wherein the surgical instrument has at least one

. sleeve concentrically arranged about the needle.

19.  An apparatus as in claim 12, wherein the surgical instrument has at least one

sleeve concentrically arranged about the needle.

15
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20. An apparatus as in claim 13, wherein the surgical instrument has at

least one sleeve concentrically arranged about the needle.

-16 -



PCT/US2004/011674

WO 2005/110229

g l0ojeIausn)
oluosel|n

\ MO|} uonebiu|

of lojjoauon| ¢ —
uoabins o)

Aemyred jeondo

\
1

| Q] Jo)uow o]

o1@‘uoabins

—

—— JuelSISSE

OL JONUOW
woi4

‘90INBP
Buipiooal
038pIA O]

1/2



PCT/US2004/011674

WO 2005/110229

g Jojeiausy)

oluosellinN | mojj uonebiu|

Ot 19]|0J1U0D

0L IOHUON
wo.-

uoabins 0}
Aemuyied jeondo

s

T
\

8l

/

A A

oF — |

cc
\\ *019 ‘uoabing
N G—— > Juejsisse
& > ‘8aIneQ
0S Buip.iooal

09pPIA O]

2/2



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US04/11674

A, CLASSIFICATION OF SUBJECT MATTER
IPC(7) A61B 6/00
USCL 600/474

According to International Patent Classification (IPC) or to both national classification and 1PC

B. FIELDS SEARCHED

U.S. : 600/474; 606/4, 161; 604/22

Minimum documentation searched (classification system followed by classification symbols)

[

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Relevant to claim No.

Category * Citation of document, with indication, where appropriate, of the relevant passages
US 5,409,481 A (POPPAS et al.) 25 April 1995, see entire document
Y 1-20
EP 0 988 865 A2 (MACKOOL) 29 March 2000, see entire document.
Y 1-20

Further documents are listed in the continuation of Box C.

]

See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to be
of particular relevance

“E” earlier application or patent published on or after the international filing date

“L™  document which may throw doubts on priority claim(s) or which is cited to
establish the publication date of another citation or other special reason (as
specified)

“Q"  document referring to an oral disclosure, use, exhibition or other means

“P"  document published prior to the international filing datc but later than the

priority date claimed

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

g

“X"» document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“Y" document of particular relevance: the ciaimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&" document member of the same patent family

Date of the actual completion of the international search

21 December 2004 (21.12.2004)

of the international search report

/AN 2005

Date of maili

LN

Name and mailing address of the ISA/US
Mail Stop PCT, Attn: ISA/US
Commissioner for Patents

P.O. Box 1450
Alexandria, Virginia 22313-1450

"]

/

Facsimile No. (703) 305-3230

hawna J.“Shaw

Telephone No. (703) 308-0858

Form PCT/ISA/210 (second sheet) (January 2004)

/




TRAFROE) WM RS LA FRESMAV B 5 R RV IRE
NIF(2E)E EP1765169A1 K (2E)R
RS EP2004821991 iR

HRIRE(ERR)A(GE) BREAT
B (T M) A(F) ALCON , INC.

HHBE (TR A(F) ALCON , INC.

[FRI& B A MACKOOL RICHARD J

KHAA MACKOOL, RICHARD, J.

IPCHEE A61B6/00 A61B5/00 A61B17/00 A61B18/00 A61B19/00 A61F9/007
CPCH#E AB1F9/00745 A61B5/015 A61B2017/0007

SNEBEEE Espacenet

HEF)

—FhE B2 F A BB BROR TR F R BBMA 5 A RRE | HARIUEHR
H-FHBRE, SRBRREH , FEGTES  ZHTESEEFEAR
SR EEIRIRERE , FREIRDEHFILE , REANEE E
BE, ZENEFIAEH KK , ABETUARRRENARERE
BT, RN IAESTRENERESRRBERTHR , LB
ERBEBIRARRM

2007-03-28

2004-04-15

patsnap


https://share-analytics.zhihuiya.com/view/377cd997-c3bb-4ab7-9cb0-0079b1f9785e
https://worldwide.espacenet.com/patent/search/family/035393944/publication/EP1765169A1?q=EP1765169A1

