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1
DIAGNOSING AND PERFORMING
INTERVENTIONAL PROCEDURES ON
TISSUE IN VIVO

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 09/928,146, filed Aug. 10, 2001, now abandoned
which s a division of U.S. patent application Ser. No. 08/679,
425, filed Jul. 8, 1996, now U.S. Pat. No. 6,296,608, priority
from the filing dates of which is hereby claimed under 35
U.S.C. §120.

BACKGROUND OF THE INVENTION

This application relates to diagnosing and performing
interventional procedures on tissue using endoscopically
insertable catheters.

Lesions in body lumens such as the alimentary track may
be diagnosed by inserting an endoscope into the alimentary
track and inserting through a working channel of the endo-
scope a catheter having optical fibers for transmitting light to
tissue located at a distal end of the catheter and for conveying
light back from the tissue for analysis by a spectroscopic
diagnosis system. If the spectroscopic diagnosis system
determines an interventional procedure should be performed
on the tissue, a biopsy of the tissue may be taken or the tissue
may be otherwise removed or treated.

SUMMARY OF THE INVENTION

One aspect of the invention features a catheter for diagnos-
ing and performing an interventional procedure on tissue. The
catheter has an elongated catheter shaft, and optical fibers,
extending through the catheter shaft, transmit light to tissue
located at a distal end of the catheter shaft and convey light
back from the tissue for analysis by a spectroscopic diagnosis
system to determine whether an interventional procedure
should be performed on the tissue. An interventional device is
located at the distal end of the catheter shaft for engaging
tissue diagnosed by the spectroscopic diagnosis system in
order to perform the interventional procedure on the tissue.

In various embodiments the catheter is constructed to be
inserted through the working channel of an endoscope, and
the interventional device is, for example, a scalpel, forceps
Jjaws, a snare, a scissors, or a needle. An interventional needle
can be used, for example, to cut the tissue, to apply an adhe-
sive material to the tissue, to inject a chemical ablation fluid
into the tissue, or to inject a marking fluid into the tissue so as
to enable the tissue to be treated by another interventional
device, which may be located on another catheter. Because
the interventional device is located on the same catheter as the
optical fibers, the physician can perform the interventional
procedure on the tissue without having to remove the catheter
from the patient’s body. Moreover, the diagnosis and inter-
ventional procedure can be accomplished at multiple sites
without having to remove the catheter from the patient’s
body. In various embodiments the interventional device is, for
example, a scalpel, forceps jaws, a snare, a scissors, or a
needle.

Another aspect of the invention features an assembly com-
prising an endoscope, a catheter shaft insertable through a
working channel of the endoscope having optical fibers for
transmitting light to tissue and from tissue for analysis by a
spectroscopic diagnosis system to determine whether an
interventional procedure should be performed on the tissue,
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and an interventional device, insertable through a working
channel of the endoscope, for performing the interventional
procedure on the tissue.

Another aspect of the invention features a method for
imaging and performing an interventional procedure on tis-
sue. A catheter having an ultrasound imaging device located
at its distal end is inserted through a working channel of an
endoscope, for imaging a tissue structure located at a distal
end of the endoscope, and the tissue structure is displayed in
a manner that indicates-the depth of penetration of the tissue
structure into the body of the living being. An interventional
device, which is inserted through a working channel of the
endoscope, performs interventional therapy on the tissue
structure in a manner responsive to the displayed depth of
penetration of the tissue structure.

This aspect of the invention enables the physician to deter-
mine the depth to which a tumor has grown into or through the
wall of a lumen in order to determine whether the tumor can
be removed safely from the lumen. The physician can rely on
the ultrasound image display to determine how much tissue to
remove in view of the depth of penetration of the tissue
structure, and can also observe the ultrasound image of the
tissue structure while performing the interventional proce-
dure on the tissue structure so as to ensure that an appropriate
amount of tissue is removed.

In general, the invention aids physicians in the accurate
early diagnosis of patients with cancer or other abnormalities
inside the body. Many cancers or other abnormalities can be
treated efficiently if diagnosed and treated early enough in the
least invasive manner. The invention helps physicians to
locate suspect areas, diagnose accurately, and sample and
treat tissue efficiently. The invention also provides high diag-
nostic accuracy and short procedural time by providing accu-
rate data and avoiding unnecessary biopsies. Consequently,
overall health care costs are low because of low lab analysis
costs and minimal outpatient hospital visits.

Numerous other features, objects, and advantages of the
invention will become apparent from the following detailed
description when read in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-6 are a set of drawings showing the steps of a
process for spectroscopically diagnosing and marking tissue
using an endoscopically insertable catheter and for removing
tissue using another endoscopically insertable catheter.

FIG. 7 is adrawing of an endoscopically insertable catheter
combining optical fibers and forceps jaws.

FIG. 8. is a drawing of an endoscopically insertable cath-
eter combining optical fibers and a polypectomy snare.

FIG. 9 is a drawing of an endoscopically insertable catheter
combining optical fibers and scissors.

FIG. 10 is a drawing of an endoscopically insertable cath-
eter combining optical fibers and a needle.

FIG. 11 is a drawing of an endoscope in combination with
an endoscopically insertable catheter having forceps jaws and
an endoscopically insertable catheter having an ultrasound
imaging device.

FIG. 12 is a drawing of an endoscope in combination with
an endoscopically insertable catheter having optical fibers
and forceps jaws and an endoscopically insertable catheter
having an ultrasound imaging device.

DETAILED DESCRIPTION

FIGS. 1-6 refer to an endoscopically insertable catheter
having optical fibers for transmitting light to tissue and for
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conveying light back from tissue for analysis by a spectro-
scopic diagnosis system and having a needle for performing
an interventional procedure on the tissue, namely, injecting
india ink into tissue diagnosed by the spectroscopic diagnosis
system in order to mark the tissue for biopsy, treatment, or
removal by another interventional device. If the spectroscopic
diagnosis system determines that the tissue should be treated,
the catheter having the optical fibers and needle is withdrawn
from the endoscope and a catheter having forceps jaws is
inserted through the endoscope in order to obtain a biopsy of
the tissue or to remove or treat the tissue.

With reference to F1G. 1, a distal end of an endoscope 20 is
inserted through a lumen 21 of a patient’s body, such as the
esophagus, rectum or pulmonary tract. Endoscope 20 has an
optical fiber 22 connected to a light source 24 located at a
proximal end of endoscope 20 for transmitting light to tissue
located at the distal end of endoscope 20, an optical fiber 26
connected to an eyepiece 28 located at the proximal end of
endoscope 20 for viewing the tissue, a fluid channel 30 con-
nected to a fluid source 32 located at the proximal end of
endoscope 20 for flushing the tissue with fluid such as a wash
for the visual fiber optics, and a working channel 34 for
receiving a catheter. In FIG. 1, light source 24 is turned on.

With reference to FIG. 2, a catheter 36 having an elongated
catheter shaft is inserted through working channel 34 ofendo-
scope 20. Catheter 36 has optical fibers 38 and 40, which
extend through the catheter shaft and are connected to a
spectroscopic diagnosis system 42 located at the proximal
end of endoscope 20. Optical fibers 38 and 40 can be made of
a quartz glass component or other suitable glass or polymer
material capable of transmitting and receiving wavelengths
necessary to distinguish between healthy and abnormal tissue
that has been treated by a diagnostic reagent. The optical
fibers may be bundled together as a single light transmission
and reception probe rather than the two discrete fibers shown
in FIGS. 1-5, the probe including an outer sheath made of SST
or a suitable semi-rigid polymer that is non-reactive to diag-
nostic reagents. Catheter 36 is connected to a catheter control
mechanism 39 located at the proximal end of endoscope 20
that controls the longitudinal movement of catheter 36 within
working channel 34. Catheter control mechanism 39 also
controls the longitudinal movement of optical fibers 38, 40
and may extend or retract optical fibers 38, 40 with respect to
catheter 36. In FIG. 2, light source 24 is turned on and optical
fibers 38, 40 are extended from catheter 36 to the tissue.

With reference to FIG. 3, light source 24 is turned off,
optical fiber 38 transmits light to the tissue, and optical fiber
40 conveys light back from the tissue for analysis by spectro-
scopic diagnosis system 42 to determine whether the tissue
should be treated.

For example, optical fiber 38 transmits a monochromatic
light beam having a wavelength or set of wavelengths
selected to cause the tissue to fluoresce in a manner such that
at one wavelength of the fluorescent light the intensity is
approximately the same regardless of whether the tissue is
normal or cancerous and at another wavelength of the fluo-
rescent light the intensity differs substantially depending on
whether the tissue is normal or cancerous. By analyzing the
ratio of the intensity of the fluorescent light at the wavelength
at which the intensity is approximately the same regardless of
whether the tissue is normal or cancerous to the intensity of
the fluorescent light at the wavelength at which the intensity
differs substantially depending whether the tissue is normal
or cancerous, spectroscopic diagnosis system 42 can deter-
mine whether the tissue is normal or cancerous, and in some
instances whether the tissue is a benign tumor. The tissue may
first be treated by a diagnostic reagent that bonds more selec-
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tively with diseased (cancerous) tissue than with normal tis-
suie, or vice versa, and that absorbs light transmitted through
the catheter and thereby causes the tissue to fluoresce at a
wavelength or set of wavelengths different from the transmis-
sion wavelength. The intensity of the light conveyed back to
the spectroscopic diagnosis system may be displayed graphi-
cally through the aid of a computer as a function of wave-
length, and the endoscopist can interpret the data.

Referring to FIG. 4, if spectroscopic diagnosis system 42
determines that the tissue should be treated, catheter control
mechanism 39 retracts optical fibers 38 and 40 into catheter
36, and light source 24 is turned on. Catheter control mecha-
nism 39 also controls the longitudinal movement of a needle
44 which is located at the distal end of catheter 36 and extends
needle 44 to the tissue. Needle 44, which can be made of SST
or a suitable semi-rigid polymer that is non-reactive to diag-
nostic reagents, extends through a lumen 46 in the catheter
shaft. Needle 44 and optical fibers 38 and 40 may be com-
bined together as a single probe. Catheter control mechanism
39 causes india ink 48 from ink reservoir 54 to be injected
through needle 44 into the tissue to be treated.

Optical fiber 38 transmits light to the tissue at a number of
points and optical fiber 40 conveys light back from the tissue
for analysis by spectroscopic diagnosis system 42 in order to
determine whether the tissue is cancerous at each of these
points. Each such point that is determined to be cancerous is
marked by india ink 48 using needle 44.

With reference to FIG. 5, light source 24 is turned on, and
catheter 36 having optical fibers 38, 40 and needle 44 is
withdrawn from working channel 34, and a catheter 50 having
forceps jaws 52 located at its distal end is inserted through
working channel 34. Forceps jaws 52 are used to remove the
tissue diagnosed by the spectroscopic diagnosis system 42
and marked by india ink 48.

Numerous other embodiments are also within the scope of
the claims. For example, FIGS. 6-10 are drawings of different
embodiments of an endoscopically insertable catheter 100
combining optical fibers and various other types of interven-
tional devices. Catheter 100 can be inserted in an endoscope
as shown in FIGS. 1-5 in order to perform spectroscopic
diagnosis on tissue and remove cancerous tissue without hav-
ing to mark the cancerous tissue with india ink. After the
interventional device removes the cancerous tissue, the opti-
cal fibers are used to perform spectroscopic diagnosis on the
remaining tissue to determine whether all of the cancerous
tissue has been removed.

In FIG. 6, catheter 100 has optical fibers 102, 104 glued to
a surface of a scalpel 106.

In FIG. 7, catheter 100 has optical fibers 102, 104 placed
between forceps jaws 108, which may be multiple sampling
biopsy forceps jaws capable of removing multiple samples of
tissue into the body of catheter 100 as described in U.S. patent
application Ser. No. 08/193,382, the entire disclosure of
which is hereby incorporated herein by reference. The for-
ceps jaws are caused to open up as shown in FIG. 7 by the
withdrawal of an outer sleeve of the catheter (not shown) in
the proximal direction and are caused to close together by
pushing the outer sleeve in the distal direction. There is a hole
at the tip of the forceps jaws through which the optical fibers
can extend, the optical fibers being extendable and retractable
with respect to the catheter and with respect to the forceps
jaws. The forceps jaws can be used to remove tissue known to
be unhealthy or to obtain biopsy samples for additional, cel-
lular analysis. The optical fibers are of course retracted when
the forceps jaws are being used. If the forceps jaws are of the
multiple-biopsy type, the optical fibers can be bundled
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together as a single probe designed to spear through the
biopsy samples within the catheter for continued diagnosis at
additional sites.

Referring to FIG. 8, catheter 100 has optical fibers 102, 104
placed next to a polypectomy snare 110, which can be looped
around a polyp and quickly retracted into catheter 100 to
excise the polyp. The optical fibers may alternatively pass
through the same lumen as the snare.

Referring to FIG. 9, catheter 100 has optical fibers 102,104
placed next to scissors 112. Alternatively, the optical fibers
may be glued to one of the scissors blades.

In FIG. 10, catheter 100 has optical fibers 102, 104 placed
next to a needle 114, similar in construction to needle 44
described above in connection with FIGS. 1-5. Needle 114
may be constructed to inject chemical ablation fluid or other
drugs into tissue, possibly including time-release capsules
containing cancer-fighting substances, to cut tissue, or to
apply glue for temporarily adhering tissue between the
esophagus and the stomach for treating gastroesophageal
reflux disease. Localized chemical ablation or drug treatment
can be performed at high concentration because of the speci-
ficity with which spectroscopic diagnosis can identify the
location of unhealthy tissue. Needle 114 of FIG. 10 or needle
44 of FIGS. 1-5 can also be used to inject a diagnostic reagent
into a suspect site that bonds more selectively with diseased
(cancerous) tissue than with normal tissue, or vice versa, as
described above. Such a needle for injection of a diagnostic
reagent can also be included in any of the catheters of FIGS.
6-9. In each of the embodiments of FIGS. 6-10, optical fibers
102, 104 are extendable and retractable with respect to cath-
eter 100, and with the exception of the embodiment of FIG. 6,
in which the optical fibers are glued to scalpel 106, any
movement capabilities of optical fibers 102, 104 on the one
hand and the interventional device on the other hand can be
completely independent of each other.

Each of the embodiments described above in connection
with FIGS. 1-10 can be modified by eliminating the endo-
scope and adding additional optical fibers to the catheter for
use in connection with the imaging function, or by using one
or more optical fibers of the catheter not only in connection
with the spectroscopic diagnosis function but also in connec-
tion with the imaging function. Since the catheter would be
used without an endoscope, the catheter would have a steer-
able tip to allow movement and positioning of the catheter.
The lumen of the catheter needle, in embodiments having
such a needle, can double as a wash for the visual fiber optics
as well as a vacuum and air source. One advantage of such a
construction is that the catheter would not have to be as large
as an endoscope combined with a catheter, because no endo-
scope working channel is required.

With reference to FIG. 11, an endoscope 200 is combined
with an endoscopically insertable catheter 216 having forceps
jaws 218 and an endoscopically insertable catheter 212 hav-
ing a rotatable ultrasound imaging transducer 214. Ultra-
sound imaging transducer 214 provides a visual image of the
tumor, which can be useful in determining the depth to which
atumor has grown into or through the wall of a lumen in order
to determine whether the tumor can be removed safely from
the lumen. If the tissue structure imaged by ultrasound imag-
ing transducer 214 can be removed safely from the lumen,
forceps jaws 218 are used to remove the tissue structure. The
visual image can also be used to determine how much tissue
should be removed. The imaging can be performed simulta-
neously with the tissue removal, so as to enable the physician
to see whether the tissue structure has been completely
removed.
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Endoscope 200 has an optical fiber 202 for transmitting
light from light source 230 to tissue located at a distal end of
endoscope 200, an optical fiber 204 for conveying light back
from the tissue to eyepiece 234 for viewing tissue, a fluid
channel 206 for flushing tissue with fluid provided by fluid
source 232, and working channels 208, 210 for receiving
catheters 212 and 216 respectively. Interventional catheter
control mechanism 224 controls the longitudinal movement
of catheter 216 within working channel 210 as well as the
operation of forceps jaws 218.

Similarly, ultrasound catheter control mechanism 226 con-
trols the longitudinal movement of ultrasound catheter 212
within working channel 208 as well as the operation of ultra-
sound transducer 214, including its rotation, transmission of
ultrasound pulses, and detection of reflected pulses by the
transducer. The ultrasound image of the tissue imaged by the
ultrasound transducer is displayed by ultrasound image dis-
play 228.

The endoscope of FIG. 11 also may be used in combination
with any of the different endoscopically insertable catheters
combining optical fibers and interventional devices described
above and shown in FIG. 610, which may be substituted for
interventional catheter 216.

For example, in FIG. 12, catheter 216 has forceps jaws 218
and optical fibers 220, 222, which are connected to a spectro-
scopic diagnosis system 236 that spectroscopically diagnoses
the tissue to determine whether the tissue should be treated, as
is described above in connection with FIG. 7.

If the tissue is found to be cancerous or otherwise in need
of removal, ultrasound imaging catheter 214 is used to mea-
sure the depth to which a tumor has grown into or through the
wall of a lumen to determine whether the tumor can be
removed safely from the lumen. If the cancerous tissue
imaged by ultrasound imaging device 214 can be removed
safely from the lumen, forceps jaws 218 are used to remove
the cancerous tissue. After forceps jaws 218 remove the can-
cerous tissue, optical fibers 220, 222 are used to perform
spectroscopic diagnosis on the tissue to determine whether all
of the cancerous tissue has been removed.

There have been described novel and improved apparatus
and techniques for diagnosing and performing interventional
procedures on tissue. It is evident that those skilled in the art
may now make numerous uses and modifications of and
departures from the specific embodiments described herein
without departing from the inventive concept. For example,
other interventional devices may be substituted for the ones
described above and set forth in the drawings.

What is claimed is:

1. A system for diagnosing and treating tissue, comprising:

an endoscope;

an elongated catheter shaft defining at least two lumens and
including a distal end that is insertable into a lumen of
the endoscope;

a first optical fiber, removably insertable into one of the at
least two lumens of the catheter shaft and extendable
beyond the distal end of the catheter shaft, for transmit-
ting light to tissue located at a distal end of the catheter
shaft;

a second optical fiber, removably insertable into one of the
at least two lumens of the catheter shaft and extendable
beyond the distal end of the catheter shaft, for conveying
light back from the tissue for analysis by a spectroscopic
diagnosis system to determine whether an interventional
procedure should be performed on the tissue, wherein
said second optical fiber and said first optical fiber are
discrete fibers and at least one of the fibers includes a
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viewing device for converting a second conveyed light
back from the tissue into a visual observation image of
the tissue;

arotatable ultrasonic transducer for determining a depth at
which an interventional procedure is to be performed; 5
and

an interventional device located at the distal end of the
catheter shaft for engaging tissue diagnosed by the spec-
troscopic diagnosis system in order to perform the inter-
ventional procedure on the tissue, wherein said interven- 10
tional device is physically separable from said first and
second optical fibers.

2. The catheter of claim 1,

device comprises a scalpel.

3. The catheter of claim 1,

device comprises forceps jaws.

4. The catheter of claim 1,

device comprises a snare.

5. The catheter of claim 1,

device comprises a scissors.

6. The catheter of claim 1,

device comprises a needle.

7. The catheter of claim 6, wherein the needle is con-

structed to inject a marking fluid into the tissue.

8. The catheter of claim 6, wherein the needle is con-

structed to inject a chemical ablation fluid into the tissue.

9. The catheter of claim 6, wherein the needle is con-

wherein the interventional
wherein the interventional
wherein the interventional
wherein the interventional

20
wherein the interventional

25

structed to cut the tissue.

10. The catheter of claim 6, wherein the needle is con-
structed to apply an adhesive material to the tissue.

11. The catheter of claim 6, wherein the needle is con-
structed to convey a fluid to the tissue useful for enabling

30

visual observation of the tissue.

12. The catheter of claim 6, wherein the needle is con-

structed to apply a vacuum to the tissue.

13. The catheter of claim 1, wherein the catheter shaft is

constructed to be inserted through the working channel of an

endoscope.

14. The catheter of claim 1, wherein at least one of the

optical fibers is further constructed for conveying visualiza-

tion light to the tissue.

15. A method of diagnosing and performing an interven-

tional procedure on tissue, comprising the steps of:

inserting an endoscope into a patient’s body:;

inserting a catheter into a lumen of the endoscope, the
catheter having an elongated shaft defining at least two
lumens and including a distal end, a first optical fiber,
removably insertable into one of the at least two lumens
of the catheter shaft and extendable beyond the distal
end of the catheter shaft, for transmitting light to tissue
located a the distal end of the catheter, a second optical
fiber, removably insertable into one of the at least two
lumens of the catheter shaft and extendable beyond the
distal end of the catheter shaft, for conveying light back
from the tissue for analysis by a spectroscopic diagnosis
system, and an interventional device, wherein said first
optical fiber and said second optical fiber are discrete
fibers, and said interventional device is physically sepa-
rable from said first and second optical fibers;

transmitting light through the first optical fiber to tissue
located at the distal end of the catheter;

conveying light back from the tissue through the second
optical fiber for analysis by a spectroscopic diagnosis
system,;

conveying light back from the tissue through at least one of 65
the first or second optical fibers for visual observation of
the tissue;
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diagnosing the tissue with the spectroscopic diagnosis sys-
tem to determine whether an interventional procedure
should be performed on the tissue;

delivering a rotatable ultrasonic imaging device through a

lumen of the endoscope to determine a depth to which an
interventional procedure should be performed on the
tissue; and

engaging, with the interventional device, the tissue diag-

nosed by the spectroscopic diagnosis system in order to
perform the interventional procedure on the tissue.

16. The method of claim 15, wherein the interventional
procedure comprises marking the tissue by injecting a mark-
ing fluid into the tissue with the interventional device.

17. The method of claim 16, wherein the marking fluid is
India ink.

18. The method of claim 16, further comprising the steps
of:

withdrawing the catheter having the optical fibers and the

interventional device; inserting into the body of the liv-
ing being a second catheter having a second interven-
tional device located at its distal end; and engaging, with
the second interventional device of the second catheter,
the tissue diagnosed by the spectroscopic diagnosis sys-
tem in order to perform another interventional procedure
on the tissue.

19. The method of claim 15, wherein the step of diagnosing
thetissue using the spectroscopic diagnosis system comprises
determining whether an interventional procedure should be
performed on the tissue.

20. The method of claim 15, wherein the interventional
procedure comprises removing tissue for biopsy analysis.

21. The method of claim 15, wherein the interventional
procedure comprises removing tissue diagnosed by the spec-
troscopic diagnosis system as being unhealthy.

22. The method of claim 15, wherein the lumen comprises
an alimentary lumen.

23. The method of claim 15, wherein the lumen comprises
a pulmonary lumen.

24. The method of claim 15, wherein the step of diagnosing
the tissue further comprises determining whether the tissue is
a tumor.

25. The method of claim 24, wherein the step of diagnosing
the tissue further comprises determining whether the tumor is
cancerous.

26. The method of claim 15, further comprising the step of
inserting through the lumen of the body of the living being an
endoscope having a working channel, and wherein the step of
inserting the catheter into the body of the living being com-
prises inserting the catheter into the working channel of the
endoscope.

27. The method of claim 15, further comprising the step of
conveying visualization light to the tissue through at least one
of the optical fibers.

28. The method of claim 15, further comprising the step of
conveying a fluid through the catheter shaft to the tissue
useful for enabling visual observation of the tissue.

29. The method of claim 15, further comprising the step of
applying a vacuum to the tissue through the catheter shaft.

30. An assembly comprising:

an endoscope;

an elongated catheter shaft defining at least two lumens and

including a distal end, and constructed to be insertable
through a working channel of the endoscope;

a first optical fiber, removably insertable into one of the at

least two lumens of the catheter shaft and extendable
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beyond the distal end of the catheter shaft, for transmit-
ting light to tissue located at the distal end of the catheter
shaft;

a second optical fiber, removably insertable into one of the
at least two lumens of the catheter shaft and extendable
beyond the distal end of the catheter shaft, for conveying
light back from the tissue for analysis by a spectroscopic
diagnosis system to determine whether an interventional
procedure should be performed on the tissue, wherein
said second optical fiber and said first optical fiber are
discrete fibers and at least one of the fibers includes a
viewing device for converting a second conveyed light
back from the tissue into a visual observation image of
the tissue;

an ultrasound transducer that is insertable into a channel of
the endoscope to determine a depth for performing an
interventional procedure on the tissue; and

an interventional device, constructed to be insertable
through a working channel of an endoscope, for engag-
ing tissue diagnosed by the spectroscopic diagnosis sys-
tem in order to perform the interventional procedure on
the tissue, wherein said interventional device is physi-
cally separable from said first and second optical fibers.

31. The assembly of claim 30, wherein the interventional

device is located at the distal end of the catheter shaft having
the optical fibers.

32. A method of diagnosing and performing an interven-

tional procedure on tissue, comprising the steps of:

inserting an endoscope through a lumen of a body of a
living being;

inserting through a working channel of the endoscope a
catheter having an elongated shaft defining at least two
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lumens and including a distal end, a first optical fiber,
removably insertable into one of the at least two lumens
of the catheter shaft and extendable beyond the distal
end of the catheter shaft, for transmitting light to tissue
located at the distal end of the catheter, a second optical
fiber, removably insertable into one of the at least two
lumens of the catheter shaft and extendable beyond the
distal end of the catheter shaft, for conveying light back
from the tissue for analysis by a spectroscopic diagnosis
system wherein said first optical fiber and said second
optical fiber are discrete fibers;

transmitting light through the first optical fiber to tissue
located at the distal end of the catheter;

conveying light back from the tissue through the second
optical fiber for analysis by a spectroscopic diagnosis
system;

conveying light back from the tissue through at least one of
the optical fibers for visual observation of the tissue;

diagnosing the tissue with the spectroscopic diagnosis sys-
tem to determine whether an interventional procedure
should be performed on the tissue;

inserting an ultrasound transducer into the endoscope to
determine a depth at which the interventional procedure
should be performed; and

engaging, with an interventional device insertable through
a working channel of the endoscope, the tissue diag-
nosed by the spectroscopic diagnosis system in order to
perform the interventional procedure on the tissue,
wherein said interventional device is physically sepa-
rable from said first and second optical fibers.

L S T T



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. - 8,135,454 B2 Page 1 of 1
APPLICATION NO. . 11/242236

DATED : March 13, 2012

INVENTOR(S) : Douglas J. Daniels and Michael S. Banik

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

Claim 15, col. 7, line 51,
“located a the distal end” should read
--located at the distal end--.

Signed and Sealed this
Fifth Day of June, 2012

David J. Kappos
Director of the United States Patent and Trademark Office



patsnap

ERATROF) P ARIT R AR N AT
DF(RE)F US8135454 DF(E)A 2012-03-13
HiFs US11/242236 RiFH 2005-10-03

[FRIEIB (TR A(R) HKEHWSCI CORP NATICK
i (E R AGR) BRI T
HHEHB(ERAR)AE) BLWRZELT

[FRIRBAA DANIELS DOUGLAS J
BANIK MICHAEL S

RAAN DANIELS, DOUGLAS J.
BANIK, MICHAEL S.

IPCH %S A61B6/00 A61B8/14 A61B1/00 A61B17/28 A61B5/00 A61B10/00 A61B10/06 A61B17/00 A61B17/22
A61B17/32 A61B17/34 A61B19/00 A61M1/00

CPCH%S A61B1/00165 A61B5/0075 A61B5/0084 A61B8/12 A61B8/4461 A61B17/22 A61B10/06 A61B17/00491
A61B17/29 A61B17/320016 A61B17/3201 A61B17/32056 A61B17/3211 A61B2017/00061 A61B2017
/00106 A61B2017/22072 A61B2017/22077 A61B2017/22082 A61B2019/5206 A61B2019/5217
A61B2019/5276 A61B2019/545 A61B2217/005 A61B2090/306 A61B2090/3614 A61B2090/378

A61B2090/395
H {th 23 FF 2Rk US20060036182A1
SNERaE Espacenet USPTO
BEGF) INTERVENTIONAL |24

CATHETER
RTHEAL/ELZHMARITNAFRANSEETARNSERMEMEY CONTROL N
228

SEHGKST | AFEAABINTSEERNALTENERRE o
B, KEGHRS  ATHERTANALETAAFR, A | camerer [
REVTSENZE , ATEAHXEVHREVHNAR , UENE | MECHANISM
SHTANFA. AFEERLABRATI ARFOAAAAARS [~ oo
LANHBATAASE RSHAAEERGEE  AFNLTHAS (=)

EHROAAGENRER | ERSSAARNPEREFI RGN, ) [SPECTROSCORIC
ERTEHEBBERGRERNGHA[LLHNARETEANTALKE. SYSTEM

LIGHT [—230
SCURCE

FLUID Jyﬂ_—__
SQURCE
234 .

232



https://share-analytics.zhihuiya.com/view/9e789e51-1d71-4613-a5a9-7a4af89948ca
https://worldwide.espacenet.com/patent/search/family/024726865/publication/US8135454B2?q=US8135454B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8135454.PN.&OS=PN/8135454&RS=PN/8135454

