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Description

[0001] The present invention relates to an ultrasonic
imaging system. The system is comprised of an ultrason-
ic imaging catheter (an ultrasonic catheter) and a diag-
nostic imaging apparatus for employing information ob-
tained by the catheter for diagnostic purposes, and more
particularly to an ultrasonic catheter for being inserted
into a blood vessel in a living body to obtain information
such as an ultrasonic image. The diagnostic imaging ap-
paratus functions to obtain an intravascular image from
information obtained by an ultrasonic catheter.

[0002] Ultrasonicdiagnosticimaging apparatus foruse
in body cavities generally have an ultrasonic catheter for
scanning a body vessel such as a blood vessel or a ves-
sel.

[0003] FIG. 1 of the accompanying drawings shows a
structure of a distal end portion 1 of such a general ul-
trasonic catheter. As shownin FIG. 1, the ultrasonic cath-
eter has a catheter tube 2 housing animaging core there-
in. The distal end portion 1 is guided by a guide wire (not
shown) and inserted into a blood vessel in a living body.
The distal end portion 1 has a guide wire lumen tube 3
which has a lumen 5 defined therethrough to receive the
guide wire. The guide wire extends through the lumen 5
and guides the ultrasonic catheter in the blood vessel.
An X-ray marker 4 made of gold, platinum, or the like is
mounted on the tip end of the guide wire lumen 3. The
X-ray marker 4 gives a visual indication as to the location
of the ultrasonic catheter 1 in the living body in an X-ray
radioscopic image.

[0004] The ultrasonic catheter also has a priming
through hole 6 defined in the distal end portion thereof
for removing air from the catheter tube 2 when the cath-
eter tube 2 is filled up with a normal saline solution. The
catheter tube 2 houses therein an X-ray marker 7 in the
form of a metal coil. The X-ray marker 7 also serves as
a stiffener for preventing the ultrasonic catheter from be-
ing bent.

[0005] Atransducerhousing 8 disposed in the catheter
tube 2 accommodates an ultrasonic transducer 9 therein.
A coil 10 is mounted on the tip end of the transducer
housing 8 for stabilizing the rotation of the transducer
housing 8 when a drive shaft 11 coupled to the transducer
housing 8 is rotated by a motor (not shown). The drive
shaft 11 is connected to the motor and houses signal
lines therein. A coil is wound around the outer surface of
the drive shaft 11.

[0006] While the drive shaft 11 is being rotated by the
motor, the ultrasonic transducer 9 emits and receives
ultrasonic waves reflected from the inner wall of the blood
vesselin all directions (360°) for generating atomograph-
ic image of the blood vessel.

[0007] Japanese patent publication No. Hei 7-38852
discloses an ultrasonic probe for sending and receiving
ultrasonic waves to acquire a tomographic image of the
blood vessel, and introducing the blood from the blood
vessel and measuring the temperature of the introduced
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blood with a temperature sensor. That disclosed ultra-
sonic probe can detect the temperature of the blood, as
well as a tomographic image of the blood vessel like the
ultrasonic catheter shown in FIG. 1, for diagnostic pur-
poses. Said probe comprises the features of the pream-
ble of claim 1.

[0008] The distal end portion 1 of the ultrasonic cath-
eter shown in FIG. 1 has only the ultrasonic transducer
9 and is unable to detect the temperature in the blood
vessel in a particular location in the living body.

[0009] The ultrasonic probe disclosed in Japanese
patent publication No. Hei 7-38852 suggests that an ul-
trasonic tomographicimage is displayed on a display unit
such as a display monitor or the like. However, it fails to
disclose anything about how the temperature information
of the blood that is measured by the temperature sensor
is used, and about how the temperature information is
visually presented. It can only be guessed from the dis-
closed ultrasonic probe that a numerical value of the tem-
perature information may be displayed together with the
ultrasonic tomographic image.

[0010] Furthermore, the above two conventional de-
vices suffer the following disadvantages: An intravascu-
lar ultrasonic device will be described by way of example.
The intravascular ultrasonic device is used to observe
the nature of a blood vessel or a blood vessel lumen or
the form of an arterial sclerosis in a constricted area which
is responsible for a cardiac infarction or the like, and to
select an appropriate therapy. The intravascular ultra-
sonic device is also used to perform a chronological ob-
servation of how the arterial sclerosis develops, whether
the blood vessel is constricted again, or whether the di-
ameter of the blood vessel changes. The observation is
merely the acquisition of information about a plaque that
has already been formed. The above analysis applies to
the above two conventional devices.

[0011] Attempts have been made in recent years to
use the intravascular ultrasonic device to measure the
intravascular temperature or the temperature of an arte-
riosclerotic plaque to predict the possibility of an arterial
sclerosis. It has been reported that when an arterioscle-
rotic plaque, though not clearly confirmed by an image,
is formed in an arterial coronaria, the intravascular tem-
perature is 0.11 = 0.11°C higher than the normal intra-
vascular temperature when the patient is suffering stable
angina, 0.68 = 0.35°C higher than the normal intravas-
cular temperature when the patient is suffering unstable
angina, and 1.47 = 0.69°C higher than the normal intra-
vascular temperature when the patient is suffering acute
myocardial infarction.

[0012] It has also been reported that the temperature
of a plaque in a carotid artery, or the temperature in a
carotid artery if there is a danger of the formation of a
plaque, is 0.4 to 2.2°C higher than the normal intravas-
cular temperature.

[0013] An intravascular ultrasonic diagnostic imaging
apparatus has a catheter with an ultrasonic transducer
incorporated therein. The catheter is inserted into a blood
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vessel, and the ultrasonic transducer in the catheter is
rotated to perform radial scanning on the blood vessel.
Based on reflected ultrasonic waves, the intravascular
ultrasonic diagnostic imaging apparatus displays a tom-
ographic image of the blood vessel on a display monitor.
[0014] An intravascular temperature may be meas-
ured by a thermodilution catheter though the thermodi-
lution catheter is originally used for other purpose.
[0015] The above two conventional devices need to
produce an ultrasonic intravascular tomographic image
and measure a temperature separately. Therefore it can-
not accurately identify where each of the temperature
data is measured in the blood vessel or where there is
the plaque because the location where the temperature
is measured cannot be specified.

[0016] Itis anobject of the present invention to provide
an ultrasonic imaging system which is capable of simul-
taneously generating an intravascular tomographic im-
age and measuring an intravascular temperature at a
particular location in a living body, and of identifying a
measured location in a living body, and an ultrasonic in-
travascular diagnostic imaging apparatus which is capa-
ble of simultaneously visually displaying a generated to-
mographic image and a measured intravascular temper-
ature.

[0017] To achieve the above object, there is provided
in accordance with the present invention an ultrasonic
imaging system according to claim 1.

[0018] In the ultrasonic catheter, said transducer may
have a front side which sends and/or receives an ultra-
sonic signal and arear side, and said temperature sensor
is mounted opposite the rear side of said transducer.
[0019] The ultrasonic catheter may further include a
guide wire lumen and a priming hole defined in a junction
between the guide wire lumen and a distal end portion
of the ultrasonic catheter.

[0020] Toachievethe above object,inaccordance with
the present invention, there is also provided a diagnostic
imaging system including the ultrasonic catheter and a
diagnostic imaging apparatus including an ultrasonic sig-
nal receiver for receiving an ultrasonic signal measured
by the transducer, a temperature signal receiver for re-
ceiving an intravascular temperature signal measured by
the temperature sensor, and an image constructing unit
for constructing an image to be displayed from a tomo-
graphic vascular image generated from the ultrasonic
signal and intravascular temperature information gener-
ated from the intravascular temperature signal, in relation
to positional information of the ultrasonic signal and the
intravascular temperature signal.

[0021] The diagnostic imaging apparatus may further
include a display unit for displaying the intravascular tem-
perature information divided in differently colored seg-
ments, together with the tomographic vascular image.
[0022] Inthediagnosticimaging apparatus, the display
unit may display a pattern diagram of the blood vessel
having a plurality of divided regions with an average value
of said intravascular temperature information in associ-
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ation with each of said divided regions.

[0023] Inthediagnosticimaging apparatus, the display
unit may display the intravascular temperature informa-
tion and the tomographic vascular image in superim-
posed relation to each other.

[0024] In the diagnostic imaging apparatus, the tem-
perature sensor and the transducer may be translated in
the insert about a longitudinal axis of the blood vessel,
and the ultrasonic signal receiver and the temperature
signal receiver may receive an ultrasonic signal repre-
sentative of an intravascular ultrasonic longitudinal tom-
ographic image and an intravascular temperature signal
representative of intravascular longitudinal temperature
information, respectively. The temperature sensor and
the transducer are being moved, and wherein the display
unit simultaneously displays the intravascular ultrasonic
longitudinal tomographic image and the intravascular
longitudinal temperature information in synchronism with
the movement of the temperature sensor and the trans-
ducer.

[0025] In diagnostic imaging apparatus, the display
unit may display the intravascular ultrasonic longitudinal
tomographic image and the intravascular longitudinal
temperature information in superimposed relation to
each other.

[0026] The ultrasonic catheter is capable of simulta-
neously generating an intravascular tomographic image
and measuring an intravascular temperature at a partic-
ular location in a living body, and of identifying a meas-
ured locationin aliving body. The ultrasonic intravascular
diagnostic imaging apparatus has such an ultrasonic
catheter and is capable of simultaneously visually dis-
playing a generated tomographic image and a measured
intravascular temperature.

[0027] The above and other objects, features, and ad-
vantages of the present invention will become apparent
from the following description when taken in conjunction
with the accompanying drawings which illustrate pre-
ferred embodiments of the present invention by way of
example.

FIG. 1is a cross-sectional view of a distal end portion
of a prior art ultrasonic catheter;

FIG. 2is a view showing an entire ultrasonic catheter
according to the present invention;

FIG. 3 is a cross-sectional view of a sheath distal
end portion according to a first embodiment of the
ultrasonic catheter according to the present inven-
tion;

FIG. 4 is a block diagram of an ultrasonic intravas-
cular diagnostic imaging apparatus according to the
present invention;

FIG. 5 is a diagram showing a displayed example of
a temperature distribution in a blood vessel section;
FIG. 6 is a diagram showing a displayed example of
an ultrasonic tomographic image and a temperature
distribution which are displayed in synchronism with
each other;
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FIG. 7 is a diagram showing a displayed example of
an ultrasonic longitudinal tomographic image and a
temperature distribution (axial direction);

FIGS. 8A and 8B are views illustrative of the concept
of the ultrasonic longitudinal tomographic image
shown in FIG. 7; and

FIG. 9 is a cross-sectional view of a sheath distal
end portion according to a second embodiment of
the present invention.

[0028] FIG. 2 shows an entire ultrasonic catheter 100
according to the present invention.

<First Embodiment>

[0029] As showninFIG. 2, the ultrasonic catheter 100
includes a sheath 200 serving as an insert to be inserted
into a blood vessel and a hub 300 to be manually handled
by the user. The hub 300 is positioned at a proximal end
of the sheath 200 and not inserted into the blood vessel.
[0030] The sheath 200 has a sheath distal end portion
210 (see FIG. 3), a tubular sheath body 220, and an in-
termediate sheath portion 230. The sheath distal end por-
tion 210 and the sheath body 220 are interconnected by
the intermediate sheath portion 230. The sheath body
220 is connected to the hub 300.

[0031] The sheath distal end portion 210 has an X-ray
marker 240 for giving a visual indication as to the location
of the ultrasonic catheter 100 in the living body in an X-
ray radioscopic image when the ultrasonic catheter 100
inserted into a blood vessel. The sheath distal end portion
210 also has a guide wire lumen for the passage of a
guide wire (GW) 250 therethrough. The guide wire 250
is inserted in the blood vessel in advance and used to
guide the ultrasonic catheter 100 to a desired region in
the living body. The ultrasonic catheter 100 is guided to
the desired region by the guide wire 250 that extends
through the guide wire lumen in the sheath distal end
portion 210.

[0032] The sheath body 220 is connected to the inter-
mediate sheath portion 230 and the hub 300. The sheath
distal end portion 210 has an outside diameter D1, the
intermediate sheath portion 230 has an outside diameter
D2, and the sheath body 220 has an outside diameter
D3. These outside diameters D1, D2, D3 are related to
each other by D1 < D2 < D3. For example, the outside
diameter D1 is 0.80 mm, the outside diameter D2 is 0.87
mm, and the outside diameter D3 is in the range from
1.04 to 1.06 mm.

[0033] Since the wall thickness of the sheath 200 is
constant from sheath distal end portion 210 to the sheath
body 220, the sheath distal end portion 210, the interme-
diate sheath portion 230, and the sheath body 220 have
respective inside diameters D1’, D2’, D3’ which are re-
lated to each other by D1’ < D2’ < D3'.

[0034] An imaging core 400 is housed in the sheath
200. The imaging core 400 includes: (i) a transducer unit
410 serving as an ultrasonic transducer for sending ul-

10

15

20

25

30

35

40

45

50

55

trasonic waves to a blood vessel tissue and receiving
ultrasonic waves reflected from the blood vessel tissue,
(i) a temperature sensor 440 for detecting an intravas-
cular temperature in the living body, (iii) a drive shaft 420
for rotating and translating the transducer unit 410 and
the temperature sensor 440 which are mounted on a tip
end thereof, and (iv) a metal coil 430 associated with the
transducer unit 410. The imaging core 400 is rotatable
and translatable about the sheath 200. The transducer
unit 410 emits ultrasonic waves into a region of the living
body and receives reflected ultrasonic waves to generate
an ultrasonic tomographicimage of the region. The signal
corresponding to the temperature of the blood vessel wall
which a surface of the temperature sensor 440 has turned
towards can be acquired from the temperature sensor
440.

[0035] The sheath distal end portion 210 according to
the present invention will be described in specific detail
below with reference to FIG. 3.

[0036] AsshowninFIG. 3,the sheathdistal end portion
210 has a guide wire insertion tube 270 which provides
a guide wire lumen therein. The guide wire 250 has its
rear end inserted into the guide wire insertion tube 270,
and extends through the guide wire insertion tube 270.
The guide wire 250 thus inserted guides the ultrasonic
catheter 100 to a desired position in the living body.
[0037] In FIG. 3, the imaging core 400 includes the
transducer unit 410 for sending and receiving ultrasonic
waves and the temperature sensor 440 for detecting tem-
peratures in body cavities (blood vessels and vessels).
The transducer unit 410 and the temperature sensor 440
have a size of about 1 mm each, and are disposed in a
single housing 450. The transducer unit 410 has a front
side which sends and receives an ultrasonic signal and
a rear side. The temperature sensor 440 is mounted in
the housing 450 at the 180-degree opposite side (rear
side) of the transducer unit 410. The imaging core 400
may have one or more temperature sensors 440. The
imaging core 400 may also have a plurality of transducer
units 410.

[0038] When the drive shaft 420 transmits rotational
power from a motor (not shown), the transducer unit 410
and the temperature sensor 440 are rotated thereby to
observe a desired region in a body cavity such as a blood
vessel or a vessel in an angular range of 360°. The trans-
ducer unit410for sending and receiving ultrasonic waves
and the temperature sensor 440 for detecting tempera-
tures in blood vessel are disposed in the sheath distal
end portion 210 for simultaneously acquiring both infor-
mation for generating an ultrasonic tomographic image
and temperature information in the blood vessel. Here,
the temperature detected by the temperature sensor 440
is a temperature of a blood vessel wall that transmits the
blood and the wall of the catheter sheath tube 290.
[0039] More specifically, the transducer unit 410 and
the temperature sensor 440 are disposed in the same
location with respect to the longitudinal direction of the
imaging core 400, i.e., the scanning direction of the ul-
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trasonic catheter 100. In FIG. 3, the transducer unit 410
and the temperature sensor 440 are disposed in con-
fronting relation to each other along the longitudinal di-
rection of the imaging core 400. If a plurality of temper-
ature sensors are employed, the transducer unit 410 is
also disposed in the same location as the temperature
sensors with respect to the longitudinal direction of the
imaging core 400. According to this layout, an ultrasonic
tomographic image and temperature information of one
location in the living body can simultaneously be ac-
quired. Therefore, the image information and the tem-
perature information can easily be combined into a com-
bined image when both are displayed on a display
screen, as described later.

[0040] If the transducer unit 410 and the temperature
sensor 440 were instead disposed in different respective
locations with respect to the longitudinal direction of the
imaging core 400, then it would be necessary to calculate
which temperature information corresponds to which ul-
trasonic tomographic image from the distances up to the
transducer unit 410 and the temperature sensor 440 in
order to synchronize the ultrasonic tomographic image
and the temperature information with each other. How-
ever, it is highly difficult to associated these two data
accurately with each other. Specifically, it is difficult to
synchronize these two data accurately with each other
because movement of the imaging core 400 or the cath-
eter in the living body affects the accuracy of the traveled
distance that is detected. For example, when the imaging
core 400 or the catheter is pulled 5 mm from outside of
the living body, it is not certain whether the transducer
and the temperature sensor move equally 5 mm within
the living body. Since theimaging core 400 or the catheter
is usually inserted through an arm or a thigh of the patient,
it is bent many times before it reaches the heart. There-
fore, no one is sure as to whether the transducer and the
sensor move equally 5 mm within the living body. In ad-
dition, after a certain region such as aregion with aplaque
is detected by an IVUS (IntraVascular UltraSonic) image,
the imaging core 400 or the catheter is moved to cause
the temperature sensor to reach that region. However, it
is very difficult to accurately move the imaging core 400
or the catheter. These problems can be solved by simul-
taneously acquiring the ultrasonic tomographic image
and the temperature information in accordance with the
present invention.

[0041] Moreover, inasmuch as the transducer unit410
and the temperature sensor440 are disposed inthe same
location with respect to the longitudinal direction of the
imaging core 400, the imaging core 400 itself can be re-
duced in size. With the imaging core 400 reduced in size,
the ultrasonic catheter 100 may be made thinner for easy
insertion through bent passages.

[0042] The metal coil 430 is disposed in a distal end
portion of the imaging core 400. The metal coil 430 is
used as an X-ray marker and also serves to prevent a
catheter tube 290 made of polyethylene, for example,
whose outside diameter is 1.0 mm and inside diameter
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is 0.85 mm, from being bent.

[0043] The sheath distal end portion 210 has a priming
hole 280. When an ultrasonic transfer medium such as
a normal saline solution is introduced from an inlet port
310 (see FIG. 2) into the catheter tube 290, an excess
of the ultrasonic transfer medium is removed from the
priming hole 280 so that the space around imaging core
400 is filled up with the ultrasonic transfer medium. Ac-
cording to the present embodiment, the priming hole 280
is much narrower than the conventional priming hole for
minimizing any backward flow of the blood into the cath-
eter tube 290. The ultrasonic transfer medium is primed
through the priming hole 280 in each cycle of producing
an ultrasonic tomographic image and measuring the tem-
perature. Therefore, bubbles trapped around the trans-
ducer unit 410 can be removed for more accurate meas-
urement. Though the temperature sharply drops when
the ultrasonic transfer medium is primed, the temperature
immediately rises up to the normal level.

[0044] FIG. 4 shows in block form an intravascular ul-
trasonic diagnostic imaging apparatus 500 for process-
ing ultrasonic data and temperature data detected by the
ultrasonic catheter 100.

[0045] As shown in FIG. 4, an ultrasonic signal re-
ceived by the transducer unit 410 is amplified, logarith-
mically converted, and detected by an ultrasonic signal
transmitter/receiver 510, and then sent to an image con-
structing unit 550. The image constructing unit 550 con-
verts the ultrasonic signal into a digital ultrasonic signal
and constructs animage from the digital ultrasonic signal.
A display unit 560 displays the image constructed by the
image constructing unit 550.

[0046] A temperature signal detected by the tempera-
ture sensor 440 is amplified, corrected, and converted in
voltage by a temperature signal receiver 530, and then
sent to the image constructing unit 550. The image con-
structing unit 550 converts the temperature represented
by the temperature signal and constructs a temperature
image from the temperature signal. The display unit 560
displays the temperature image constructed by theimage
constructing unit 550. The ultrasonic signal and the tem-
perature signal from the ultrasonic catheter 100 are col-
lected as data while the imaging core 400 is rotated by
the non-illustrated motor.

(1) Pattern diagram display:

FIG. 5 shows an example of a displayed temperature
distribution of an inner surface of the blood vessel
wall. In the displayed example, the temperature dis-
tribution represents an average of temperature data
in a certain region (angle) of the blood vessel wall.
In this example, the region is divided into eight seg-
ments. However, the region may be divided into as
many segments as desired. In FIG. 5, regions at
higher temperatures are indicated by darker colors.
Colors that are displayed to indicate different tem-
peratures may be selected by the user. In the dis-
played examples, the detected temperatures are dis-
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played by not only colors in an area 610, but also
numerical values in an area 620 representing aver-
age temperatures in the regions for the user to be
able to confirm slight temperature differences.

If the temperature of a certain region is so higher
than the temperatures of the other regions in the dis-
played temperature distribution that the temperature
difference is of a value indicative of the possibility of
the formation of a vulnerable plaque, then the region
may be blinked in the displayed image, and informa-
tion as to the location of that region in the living body
of the possible plaque, e.g., the distance, i.e., the
length of the guide wire, from the insertion port of
the living body may be stored in a memory (not
shown) for data accumulation.

(2) Tomographic image and temperature diagram
display:

The ultrasonic transverse tomographic image and
the temperature distribution may be displayed in sep-
arate display areas on the display unit 560. However,
they may be synchronized and displayed in a super-
imposed fashion, as shown in FIG. 6. The ultrasonic
transverse tomographic image and the temperature
distribution can be synchronized based on a pulse
signal from the non-illustrated motor which rotates
the imaging core 400. If the motor produces N pulses
each time the transducer unit 410 and the tempera-
ture sensor 440 make one revolution, then since the
transducer unit 410 and the temperature sensor 440
rotate continuously, their signals are measured con-
tinuously. The temperature data from the tempera-
ture sensor 440 are divided into N data each time
the temperature sensor 440 makes one revolution,
and averaged M times for the N divided regions. The
intravascular temperature distribution is displayed in
the N divided regions. The intravascular temperature
distribution may be displayed in divided time zones
based on the pulse signal.

In FIG. 6, the ultrasonic transverse tomographic im-
age and the temperature distribution are displayed
in eight divided regions with the motor rotating at a
speed of 30 revolutions/second. A ring shown at the
center of FIG. 6 represents an afterimage of the ul-
trasonic catheter, rather than the blood vessel.

As shown in FIG. 6, the ultrasonic transverse tomo-
graphic image alone does not show any plaque in
the blood vessel. However, when the ultrasonic
transverse tomographic image and the temperature
distribution are displayed together, they indicate that
a small plaque has been formed or will possibly be
formed in the near future in a high-temperature re-
gion. Since the intravascular temperature is dis-
played as being high in a region where an arterio-
sclerotic plaque has possibly been formed, it can be
of assistance to the diagnostic process. According
to the present embodiment, therefore, it is possible
to diagnose plaques that have been difficult to be
diagnosed solely with ultrasonic transverse tomo-
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graphic images, and collect data for preventive med-
icine.

(3) Longitudinal tomographic image display:
Synchronous display of an ultrasonic longitudinal to-
mographic image and an intravascular longitudinal
temperature distribution will be described below with
reference to FIGS. 7A and 7B. When the ultrasonic
transducer is translated axially at a constant speed
in the blood vessel either manually or by a device
such as an automatic pull-back motor drive unit or
the like which can translate the ultrasonic catheter
or the ultrasonic transducer in the ultrasonic catheter
at a constant speed back and forth, an ultrasonic
longitudinal tomographic image shown in FIG. 7Ais
displayed on the display unit 560. The ultrasonic lon-
gitudinal tomographic image shown in FIG. 7A will
be described below. The ultrasonic longitudinal to-
mographicimage shown in FIG. 7A represents a lon-
gitudinal tomographic image of the blood vessel as
shown in FIG. 8B which is produced by cutting the
blood vessel along a longitudinal sliced plane in the
scanning direction of the ultrasonic catheter as
shown in FIG. 8A. The ultrasonic catheter is indicat-
ed by a path shown centrally in FIG. 7A. In FIG. 7A,
the blood vessel is shown as having irregular sur-
faces, where plaques are possibly formed.

An intravascular longitudinal temperature distribu-
tion is produced by starting to measure temperature
data in synchronism with starting to move the ultra-
sonic transducer axially in the scanning direction of
the ultrasonic catheter and averaging the measured
temperature data in a certain period of time. The in-
travascular longitudinal temperature distribution is
displayed as shown in FIG. 7B. If the intravascular
longitudinal temperature distribution is displayed in
superimposed relation to the ultrasonic longitudinal
tomographic image shown in FIG. 7A, then even
when no irregular surfaces are found in the blood
vessel, the possibility of the formation of a plaque
can be discovered based on the displayed intravas-
cular longitudinal temperature distribution.

(4) Tomographicimage and longitudinal tomograph-
ic image display:

Though not shown, the tomographic image de-
scribed above in (1) and the longitudinal tomographic
image described above in (2) may simultaneously
be displayed for a fail-free three-dimensional analy-
sis of the possibility of the formation of a plaque.

<Second Embodiment>

[0047] FIG. 9 shows in cross section a sheath distal
end portion 210 of an ultrasonic catheter according to a
second embodiment of the present invention.

[0048] The sheathdistal end portion 210 showninFIG.
9 differs from the sheath distal end portion 210 according
to the first embodiment shown in FIG. 3 in that a tip end
coil 710 is mounted on the housing 450 according to the
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second embodiment. The tip end coil 710 and the metal
coil 430 allow the imaging core 400 to be stably rotated
by the non-illustrated motor. Therefore, the metal coil 430
serves as an X-ray marker, prevents the ultrasonic cath-
eter from being bent, and stabilizes the rotation of the
imaging core 400.

[0049] Other structural and operational details of the
ultrasonic catheter according to the second embodiment,
and its process of displaying an ultrasonic transverse to-
mographicimage, an ultrasonic longitudinal tomographic
image, and a temperature distribution are identical to
those of the ultrasonic catheter according to the first em-
bodiment, and will not be described in detail below.
[0050] According tothe firstand second embodiments,
as described above, the transducer unit and the temper-
ature sensor, typically a thermistor, are disposed in the
distal end portion, or a probe, of the ultrasonic catheter
for simultaneously displaying intravascular ultrasonic to-
mographic and longitudinal tomographic images and an
intravascular temperature distribution in blood vessel
and plaque regions. The intravascular ultrasonic tomo-
graphic and longitudinal tomographic images and the in-
travascular temperature distribution which are displayed
are useful in finding a region where a plaque has been
formed and also a region where a plaque will possibly be
formed, and making subsequent medical treatment.
[0051] The intravascular ultrasonic transverse tomo-
graphic image may be divided into differently featured,
e.g., differently colored, segments based on information
obtained from the temperature data, and the divided seg-
ments are displayed. The differently featured segments
allow a volume such as a plaque to be easily determined
in the tomographic image of the blood vessel.

[0052] The intravascular ultrasonic longitudinal tomo-
graphic image may be divided into differently featured,
e.g., differently colored, segments based on information
obtained from the temperature data, and the divided seg-
ments are displayed. The differently featured segments
allow a volume such as a plaque to be easily determined
in the scanning direction of the image core in the blood
vessel.

[0053] The intravascular ultrasonic transverse tomo-
graphic image and the intravascular ultrasonic longitudi-
nal tomographic image allow blood vessel diameters
such as intima and middle coat diameters to be measured
relatively easily.

[0054] Although certain preferred embodiments of the
present invention have been shown and described in de-
tail, it should be understood that various changes and
modifications may be made therein without departing
from the scope of the appended claims.

Claims
1. Anultrasonicimaging system comprising: a catheter

(100) having a sheath (200) for being inserted into
a blood vessel; an ultrasonic transducer (410) dis-
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posed in said sheath (200); and at least one temper-
ature sensor (440) disposed in said sheath (200); an
imaging core (400) being rotatable in said sheath
(200) and comprising a single housing (450); said
ultrasonic transducer (410) and said temperature
sensor (440) being disposed in the single housing
(450) and being rotatable with the imaging core
(400); wherein said transducer (410) and said tem-
perature sensor (440) are configured to scan the
blood vessel in a direction which is perpendicular or,
parallel to a longitudinal axis of the blood vessel,
wherein said ultrasonic transducer (410) is operable
to provide atomographic vascular image of the blood
vessel, and said temperature sensor (440) is oper-
able to measure an intravascular temperature distri-
bution in the blood vessel;

characterized in that

said transducer (410) and said temperature sensor
(440) are disposed in confronting relation to each
other along the longitudinal direction of the imaging
core (400), said temperature sensor (440) being dis-
posed in the same position as said ultrasonic trans-
ducer (410) in said longitudinal direction.

The diagnostic imaging system according to claim 1
further comprising: a diagnostic imaging apparatus
having an ultrasonic signal receiver for receiving an
ultrasonic signal from said ultrasonic transducer, a
temperature signal receiver for receiving an intra-
vascular temperature signal from said temperature
sensor and an image constructing unit for construct-
ing an image from the tomographic vascular image
and the intravascular temperature distribution, in re-
lation to positional information of signals from said
transducer and said temperature sensor.

The diagnostic imaging system according to claim
2, the diagnostic imaging apparatus further compris-
ing: a display unit for displaying said intravascular
temperature information divided in differently color-
ed segments, together with said tomographic vas-
cular image.

The diagnostic imaging system according to claim
2, wherein said display unit is operable to display a
pattern diagram of the blood vessel having a plurality
of divided regions with an average value of said in-
travascular temperature information in association
with each of said divided regions.

The diagnostic imaging system according to claim
2, wherein said display unitis operable to display the
intravascular temperature information and said tom-
ographic vascular image in superimposed relation
to each other.

The diagnostic imaging system according to claim
2, wherein said sheath, together with said tempera-
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ture sensor and said ultrasonic transducer is ar-
ranged to be translated along the longitudinal axis
of the blood vessel at a constant speed, and said
ultrasonic signal receiver and said temperature sig-
nal receiver are operable to receive an ultrasonic
signal representative of an intravascular ultrasonic
longitudinal tomographicimage and an intravascular
temperature signal representative of intravascular
longitudinal temperature information, respectively,
while said temperature sensor and said ultrasonic
transducer are being moved, and wherein said dis-
play unit is operable to simultaneously display said
intravascular ultrasonic longitudinal tomographic im-
age and said intravascular longitudinal temperature
information in synchronism with the movement of
said temperature sensor and said ultrasonic trans-
ducer.

Patentanspriiche

Ultraschall-Abbildungssystem, das Folgendes um-
fasst:

einen Katheter (100), der eine Hilse (200) hat,
um in ein Blutgefal eingefihrt zu werden, einen
Ultraschallwandler (410), der in der Hiilse (200)
angeordnet ist, und wenigstens einen Tempe-
ratursensor (440), der in der Hilse (200) ange-
ordnetist, wobei ein Abbildungskern (400) in der
Hulse (200) drehbar ist und ein Einzelgehause
(450) umfasst, wobei der Ultraschallwandler
(410) und der Temperatursensor (440) in dem
Einzelgehduse (450) angeordnet und mit dem
Abbildungskern (400) drehbar sind, wobei der
Wandler (410) und der Temperatursensor (440)
dafiir konfiguriert sind, das BlutgefaR in einer
Richtung abzutasten, die senkrecht oder paral-
lel zu einer Langsachse des Blutgefales ist, wo-
bei der Ultraschallwandler (410) funktionsfahig
ist, um ein tomographisches Gefalibild des Blut-
gefales bereitzustellen, und der Temperatur-
sensor (440) funktionsfahig ist, um eine intrava-
skulare Temperaturverteilung in dem Blutgefa
Zu messen,

dadurch gekennzeichnet, dass

der Wandler (410) und der Temperatursensor
(440) in einer gegenliberliegenden Beziehung
zueinander langs der Langsrichtung des Abbil-
dungskerns (400) angeordnet sind, wobei der
Temperatursensor (440) in der Langsrichtung in
der gleichen Position wie der Ultraschallwandler
(410) angeordnet ist.

Diagnostisches Abbildungssystem nach Anspruch
1, das ferner Folgendes umfasst: eine diagnostische
Abbildungsvorrichtung, die einen Ultraschall-Signal-
empfanger, um ein Ultraschallsignal von dem Ultra-
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schallwandler zu empfangen, einen Temperatur-Si-
gnalempfanger, um ein intravaskulares Temperatur-
signal von dem Temperatursensor zu empfangen,
und eine Bildaufbaueinheit, um ein Bild aus dem to-
mographischen Gefalbild und der intravaskularen
Temperaturverteilung, im Verhaltnis zu Positionsin-
formationen von Signalen von dem Wandler und
dem Temperatursensor, aufzubauen.

Diagnostisches Abbildungssystem nach Anspruch
2, wobei die diagnostische Abbildungsvorrichtung
ferner Folgendes umfasst: eine Anzeigeeinheit, um
die intravaskuldren Temperaturinformationen auf-
geteilt in unterschiedlich gefarbte Segmente, zu-
sammen mit dem tomographischen GefaRbild, an-
zuzeigen.

Diagnostisches Abbildungssystem nach Anspruch
2, wobei die Anzeigeeinheit funktionsfahig ist, um
ein Musterdiagramm des Blutgeféles, das mehrere
unterteilte Regionen hat, mit einem Durchschnitts-
wert der intravaskuldren Temperaturinformationen
in Verknupfung mit jeder der unterteilten Regionen
anzuzeigen.

Diagnostisches Abbildungssystem nach Anspruch
2, wobei die Anzeigeeinheit funktionsfahig ist, um
die intravaskuldaren Temperaturinformationen und
das tomographische Gefafibild in Gbereinanderge-
legter Beziehung zueinander anzuzeigen.

Diagnostisches Abbildungssystem nach Anspruch
2, wobei die Hilse, zusammen mit dem Tempera-
tursensor und dem Ultraschallwandler, daflir ange-
ordnet ist, langs einer Langsachse des Blutgefales
mit einer gleichbleibenden Geschwindigkeit ver-
schoben zu werden, und der Ultraschall-Signalemp-
fanger und der Temperatur-Signalempfanger funk-
tionsfahig sind, um ein Ultraschallsignal, das repra-
sentativ fir ein intravaskuléares tomographisches Ul-
traschallbild in Léangsrichtung ist, bzw. ein intravas-
kuldres Temperatursignal, das reprasentativ fir in-
travaskulare Temperaturinformationenin Langsrich-
tung ist, zu empfangen, wahrend der Temperatur-
sensor und der Ultraschallwandler bewegt werden,
und wobei die Anzeigeeinheit funktionsfahig ist, um
gleichzeitig synchron zu der Bewegung des Tempe-
ratursensors und des Ultraschallwandlers das intra-
vaskulare tomographische Ultraschallbild in Langs-
richtung und die intravaskularen Temperaturinfor-
mationen in Langsrichtung anzuzeigen.

Revendications

Systéme d’imagerie par ultrasons comprenant : un
cathéter (100) ayant une gaine (200) destinée a étre
insérée dans un vaisseau sanguin ; un transducteur
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a ultrasons (410) disposé dans ladite gaine (200), et
au moins un capteur de température (440) disposé
dans ladite gaine (200), un noyau d’imagerie (400)
pouvant tourner dans ladite gaine (200) et compre-
nant un boitier simple (450), ledit transducteur a ul-
trasons (410) et ledit capteur de température (440)
étant disposés dans le boitier simple (450) et pou-
vant tourner avec le noyau d’imagerie (400), dans
lequel ledit transducteur (410) et ledit capteur de
température (440) sont configurés pour balayer le
vaisseau sanguin dans une direction qui est perpen-
diculaire ou paralléle a un axe longitudinal du vais-
seau sanguin, dans lequel ledit transducteur a ultra-
sons (410) est apte a fournir une image vasculaire
tomographique du vaisseau sanguin, et ledit capteur
de température (440) est apte a mesurer une distri-
bution de température intravasculaire dans le vais-
seau sanguin ;

caractérisé en ce que ledit transducteur (410) et
ledit capteur de température (440) sontdisposés I'un
en face de I'autre le long de la direction longitudinale
du noyau d’imagerie (400), ledit capteur de tempé-
rature (440) étant placé dans la méme position que
ledit transducteur a ultrasons (410) dans ladite di-
rection longitudinale.

Systéme d’imagerie diagnostique selon la revendi-
cation 1, comprenant en outre un appareil d'imagerie
diagnostique comportant un récepteur de signal ul-
trasonore pour recevoir un signal ultrasonore prove-
nant dudit transducteur a ultrasons, un récepteur de
signal de température pour recevoir un signal de
température intravasculaire dudit capteur de tempé-
rature et une unité de construction d’'image pour
construire une image a partir de I'image vasculaire
tomographique et de la distribution de température
intravasculaire, relativement a une information de
position des signaux provenant dudit transducteur
et dudit capteur de température.

Systéme d’imagerie diagnostique selon la revendi-
cation 2, 'appareil d'imagerie diagnostique compre-
nant en outre une unité d’affichage pour afficher la-
dite information de température intravasculaire divi-
sée en des segments de différentes couleurs, en mé-
me temps que ledit image vasculaire tomographi-
que.

Systéme d’imagerie diagnostique selon la revendi-
cation 2, dans lequel ladite unité d’affichage est apte
a afficher un graphique du vaisseau sanguin com-
portant une pluralité de régions divisées avec une
valeur moyenne de ladite information de températu-
re intravasculaire en association avec chacune des-
dites régions divisées.

Systéeme d’imagerie diagnostique selon la revendi-
cation 2, dans lequel ladite unité d’affichage est apte
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a afficher 'information de température intravasculai-
re et ladite image vasculaire tomographique en re-
lation superposée I'une par rapport a l'autre.

Systéme d’imagerie diagnostique selon la revendi-
cation 2, dans lequel ladite gaine, avec ledit capteur
de température et ledit transducteur a ultrasons, est
adaptée pour étre translatée le long de I'axe longi-
tudinal du vaisseau sanguin avec une vitesse cons-
tante, et ledit récepteur de signal ultrasonore et ledit
récepteur de signal de température sont aptes a re-
cevoir respectivement un signal ultrasonore repré-
sentatif d’'une image tomographique longitudinale ul-
trasonore intravasculaire et un signal de températu-
re intravasculaire représentatif d’'une information de
température longitudinale intravasculaire, tandis
que ledit capteur de température etledit transducteur
a ultrasons sont déplacés, et dans lequel ladite unité
d’affichage est apte a afficher simultanément ladite
image tomographique longitudinale ultrasonore in-
travasculaire et ladite information de température
longitudinale intravasculaire en synchronisme avec
le mouvement dudit capteur de température et dudit
transducteur a ultrasons.
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FIG. 6
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FIG.8A
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