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ULTRASOUND MEDICAL APPARATUS AND
ULTRASOUND DIAGNOSIS APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Applications No. 2012-
222587 filed on Oct. 4, 2012; the entire contents of which are
incorporated herein by reference.

FIELD

[0002] The embodiments of the present invention relate to
an ultrasound medical apparatus and an ultrasound diagnosis
apparatus.

BACKGROUND

[0003] Ultrasound diagnosis apparatuses scan the inside of
a subject with ultrasound waves via an ultrasound probe for
imaging the inside of the subject based on echo signals gen-
erated from the reflected ultrasound waves.

[0004] An example of the ultrasound probe used for ultra-
sound diagnosis apparatuses is a Transesophageal Echocar-
diography (TEE) probe. A TEE probe is orally inserted into
the upper gastrointestinal tract of, for example, the esopha-
gus, the stomach, or the like, to be used for imaging the heart,
or the like, via the esophagus wall and the stomach wall. The
TEE probe is formed by an insertion part to be inserted into
the upper gastrointestinal tract, a guiding hollow tube to be
inserted into the esophagus, a bending part with an operable
bending angle, which connects the guiding hollow tube to the
insertion part, an operation unit that operates the bending
angle of the bending part, and a connector part to be con-
nected to the body part of the ultrasound diagnosis apparatus.
The insertion part of the TEE probe includes an ultrasound
transducer disposed at a front end thereof. It is possible to
acquire images of the heart, or the like, without being affected
by the bones and subcutaneous fat by imaging the heart, or the
like, from the inner cavity of the subject using the TEE probe.

[0005] However, the operation of the TEE probe is compli-
cated. Accordingly, an operator requires proficiency in order
to observe a target site. For example, in the case of observing
the heart, or the like, it is necessary to carry out positioning of
the insertion part by adjusting the degree of insertion of an
introduction tube of the TEE probe so that ultrasound waves
are applied to the section of the heart, or the like, to be
observed, then operating the bending angle of the bending
part. If the operator makes a mistake during insertion of the
introduction tube or the operation of the bending angle of the
bending part, bleeding and rupture may occur in the esopha-
gus wall or the stomach wall. Moreover, in the case of moni-
toring the heart, or the like, over time during heart operations,
or the like, the insertion part of the TEE probe may be ind-
welled in a desired position for a certain period. In this case,
conventionally, the operator can maintain the position of the
insertion part only by manually holding the TEE probe. Fur-
ther, this becomes a heavy burden as the probe is held in the
throat ofthe subject with the introduction tube left inserted. In
other words, it is difficult for the conventional TEE probe to
indwell in the observation object (the heart, or the like), with
no structure suitable for indwelling for an extended period of
time.

Dec. 18,2014

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is an overall view illustrating an ultrasound
diagnosis apparatus according to a first embodiment.

[0007] FIG. 2A is a view illustrating a sheath according to
the first embodiment.

[0008] FIG. 2B is a view illustrating a sheath according to
the first embodiment.

[0009] FIG. 2C is a view illustrating a sheath according to
the first embodiment.

[0010] FIG. 3A is a view illustrating a capsule body unit
according to the first embodiment.

[0011] FIG. 3B is a view illustrating a capsule body unit
according to the first embodiment.

[0012] FIG. 3C is a view illustrating a capsule body unit
according to the first embodiment.

[0013] FIG. 4 is a block diagram illustrating the outline of
the ultrasound diagnosis apparatus according to the first
embodiment.

[0014] FIG. 5A is a view illustrating an example of a fixa-
tion mechanism according to the first embodiment.

[0015] FIG. 5B is a view illustrating an example of a fixa-
tion mechanism according to the first embodiment.

[0016] FIG. 5C is a view illustrating an example of a fixa-
tion mechanism according to the first embodiment.

[0017] FIG. 5D is a view illustrating an example of a fixa-
tion mechanism according to the first embodiment.

[0018] FIG. 6Ais aview illustrating another example of the
fixation mechanism according to the first embodiment.
[0019] FIG. 6B is a view illustrating another example of the
fixation mechanism according to the first embodiment.
[0020] FIG. 6Cis a view illustrating another example of the
fixation mechanism according to the first embodiment.
[0021] FIG. 6Dis aview illustrating another example of the
fixation mechanism according to the first embodiment.
[0022] FIG. 7is a flowchart illustrating the operation of the
ultrasound diagnosis apparatus according to the first embodi-
ment.

[0023] FIG. 8A is a view illustrating an example of the
fixation mechanism according to a second embodiment.
[0024] FIG. 8B is a view illustrating an example of the
fixation mechanism according to a second embodiment.
[0025] FIG. 8C is a view illustrating an example of the
fixation mechanism according to a second embodiment.
[0026] FIG. 8D is a view illustrating an example of the
fixation mechanism according to a second embodiment.
[0027] FIG.9A isaview illustrating another example of the
fixation mechanism according to the second embodiment.
[0028] FIG. 9B is a view illustrating another example of the
fixation mechanism according to the second embodiment.
[0029] FIG.9C s a view illustrating another example of the
fixation mechanism according to the second embodiment.
[0030] FIG.9D1is aview illustrating another example of the
fixation mechanism according to the second embodiment.
[0031] FIG. 10 is a flowchart illustrating the operation of
the ultrasound diagnosis apparatus according to the second
embodiment.

[0032] FIG. 11is a block diagram illustrating the outline of
the ultrasound diagnosis apparatus according to a third
embodiment.

[0033] FIG. 12A is a view illustrating an example of the
fixation mechanism according to the third embodiment.
[0034] FIG. 12B is a view illustrating an example of the
fixation mechanism according to the third embodiment.
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[0035] FIG. 12C is a view illustrating an example of the
fixation mechanism according to the third embodiment.
[0036] FIG. 12D is a view illustrating an example of the
fixation mechanism according to the third embodiment.
[0037] FIG. 13 is a flowchart illustrating the operation of
the ultrasound diagnosis apparatus according to the third
embodiment.

[0038] FIG. 14A is a view illustrating a sheath according to
a modified example 1.

[0039] FIG. 14B is a view illustrating a sheath according to
a modified example 1.

[0040] FIG.14C is a view illustrating a sheath according to
a modified example 1.

[0041] FIG. 14D is a viewillustrating a sheath according to
a modified example 1.

[0042] FIG.15is ablock diagram illustrating the outline of
the ultrasound diagnosis apparatus according to a modified
example 2.

[0043] FIG. 16 is a block diagram illustrating another
example of the ultrasound diagnosis apparatus according to
the modified example 2.

[0044] FIG.17is ablock diagram illustrating the outline of
the capsule body unit according to a modified example 3.
[0045] FIG. 18 is a block diagram illustrating another
example of the capsule body unit according to the modified
example 3.

[0046] FIG.19is ablock diagram illustrating the outline of
the ultrasound diagnosis apparatus according to a modified
example 4.

[0047] FIG.201s a block diagram illustrating the outline of
the capsule body unit according to a modified example 5.
[0048] FIG. 21A is a block diagram illustrating another
example of the capsule body unit according to the modified
example 5.

[0049] FIG.21Bisaviewillustrating a transfer mechanism
corresponding to FIG. 21A.

[0050] FIG. 22A is a block diagram illustrating another
example of the capsule body unit according to the modified
example 5.

[0051] FIG. 22B is a view illustrating the transfer mecha-
nism corresponding to FIG. 22A.

[0052] FIG.23is ablock diagram illustrating the outline of
the ultrasound diagnosis apparatus according to a modified
example 6.

[0053] FIG. 24 is a block diagram illustrating another
example of the ultrasound diagnosis apparatus according to
the modified example 6.

[0054] FIG. 25 is a flowchart illustrating the operation of
the ultrasound diagnosis apparatus according to a modified
example 7.

DETAILED DESCRIPTION

[0055] The embodiments have been created for solving the
abovementioned problems, with the object intended to pro-
vide an ultrasound medical apparatus and an ultrasound diag-
nosis apparatus capable of indwelling in the observation
object at a desired position of the inner cavity of the subject.
[0056] The ultrasound medical apparatus according to the
embodiments include a sheath, a capsule body unit, and a
fixation mechanism. The sheath is inserted into the inner
cavity of a subject, having an outer peripheral surface that
contacts the inner wall surface of the inner cavity of the
subject with a liquid filled inside thereof.
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[0057] Thecapsule body unit is inserted into the sheath, and
configured to store an ultrasound transducer that transmits
and receives ultrasound waves to and from the subject. The
fixation mechanism is provided in at least one of the capsule
body unit and the sheath, to fixedly arrange the capsule body
unit at a desired position in the sheath.

First Embodiment

[0058] The structure of an ultrasound diagnosis apparatus 1
according to a first embodiment will be described with refer-
ence to FIGS. 1 to 7. Further, a heart H is schematically
illustrated in FIG. 1, and the like, to make it easier to under-
stand that an observation object is the heart H.

[0059] FIG. 1 illustrates an example of observation of a
desired organ (the heart H) in a subject P using the ultrasound
diagnosis apparatus 1 according to the present embodiment.
A sheath 10 is inserted into the inner cavity of the subject P.
FIG. 1 illustrates an example in which the sheath 10 passes
through a throat T to be inserted into the terminal end of an
esophagus E (in the vicinity of the stomach cardia). A capsule
body unit 20 transmits ultrasound waves to the heart H in a
state that the unit 20 is fixedly arranged in the desired position
(here, the esophagus E) in the sheath 10, and receives the
reflected waves from the heart H as echo signals. Hereinafter,
transmission of the ultrasound waves together with reception
of the reflected waves is sometimes referred to as the “trans-
mission and reception of ultrasound waves.” The capsule
body unit 20 transmits the echo signals to an external device
40 via a cable unit 30. The external device 40 processes the
echo signals received from the capsule body unit 20, and
generates and displays ultrasound images. Hereinafter,
respective components will be described in detail.

<Sheath 10>

[0060] The sheath 10 is a hollow member having a specific
length with an opening part formed at one end. The sheath 10
is made of a material capable of penetrating ultrasound waves
(a material that neither reflects nor attenuates ultrasound
waves). The sheath 10 is orally inserted into the inner cavity
of a subject P by an operator, or the like. A liquid is injected
inside the sheath 10 via the opening part located outside the
subject P (details to be described later).

[0061] The specific length is decided by the observation
object. For example, in the case of observing the heart H, it is
necessary to arrange the capsule body unit 20 in the esopha-
gus E. Therefore, the length of the sheath 10 is preferably
predetermined by being estimated from the body type, age,
and the like, of the subject P, since the sheath 10 needs to reach
at least from the oral cavity of the subject P to the vicinity of
the terminal end of the esophagus E (the cardiac of the stom-
ach).

[0062] The sheath 10 according to the embodiments has a
contracted shape (for example, a rounded flat shape to be
described later) when a liquid is not filled inside. It becomes
easy to insert a liquid into the inner cavity of the subject P by
contracting the sheath 10.

[0063] FIGS.2A to 2C are perspective views schematically
illustrating the sheath 10 inserted into the inner cavity of the
subject P (the esophagus E). Arrows in FIGS. 2B and 2C
indicate that the sheath 10 is filled with a liquid.

[0064] The sheath 10 according to the present embodiment
includes a small diameter part 10 and a large diameter part
105 with a diameter larger than that of the small diameter part
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10a. At least the outer peripheral surface of the large diameter
part 105 needs to contact the inner wall surface of the inner
cavity (the esophagus E) of the subject P. Accordingly, the
diameter of the large diameter part 105 is preferably prede-
termined by being estimated from the body type, age, and the
like, of the subject P. Further, the sheath 10 may have the
entirely same diameter. In this case, the sheath 10 may be
formed such that at least the portion on which the capsule
body unit 20 is positioned only expands.

[0065] When no liquid is filled inside, the sheath 10 is
formed into a rounded flat shape with the hollow part crushed
(refer to F1G. 2A). In addition, the sheath 10 according to the
present embodiment is configured such that the sheath easily
becomes the rounded flat shape by folding the small diameter
part 10 and the large diameter part 105.

[0066] Ifaliquid (for example, water) capable of transmit-
ting the ultrasound waves from the external device 40 (a
liquid adjusting unit 48 to be described later) is injected into
the sheath 10 while the sheath 10 is inserted into the esopha-
gus E, the sheath 10 gradually expands (refer to FIG. 2B).
Subsequently, when a liquid is filled inside, the outer periph-
eral surface of the large diameter part 105 of the sheath 10
contacts the inner wall surface of the inner cavity (the esopha-
gus E) of the subject P (refer to FIG. 2C). The capsule body
unit 20 is fixedly arranged in the large diameter part 105 of the
sheath 10 in this state, enabling observation with the ultra-
sound waves.

[0067] Further, the inserted sheath 10 may potentially be
transferred due to the peristalsis of the esophagus E, or the
like. Therefore, it is possible to prevent the transfer of the
sheath 10, for example, by fixing one end (the opening part
side) of the sheath 10 to a mouthpiece M, and the like,
arranged in the oral cavity of the subject P (referto F1G. 1). In
addition, a check valve, or the like, is preferably provided on
a part of the sheath 10 such that the injected liquid does not
flow outside the sheath 10.

[0068] In addition, not only a rounded flat shape but also
any contracted shape for the sheath 10 may be provided as
long as the sheath 10 can be easily inserted into the inner
cavity of the subject P. For example, the flat shape is not
necessarily rounded. Alternatively, the sheath 10 may be
formed into an accordion structure capable of being longitu-
dinally expandable.

<Capsule Body Unit 20>

[0069] The capsule body unit 20 according to the present
embodiment will be described with reference to FIGS. 3A to
6D.

[0070] At first, the outline, and the like, of the capsule body
unit 20 will be described with reference to FIGS. 3A to 3C.
FIGS. 3A and 3B are pattern views illustrating the capsule
body unit 20. FIG. 3C is a pattern view illustrating the capsule
body unit 20 inserted into the sheath 10. Further, only a part of
the cable unit 30 is illustrated in FIGS. 3A to 3C.

[0071] The capsule body unit 20 is formed in a capsule
shape capable of easily penetrating the throat of the subject P.
The external peripheral part of the capsule body unit 20 is
made of a material capable of penetrating ultrasound waves (a
material that neither reflects nor attenuates ultrasound wave).
The structure for transmitting and receiving ultrasound, and
the like (described later), are stored inside the capsule body
unit 20.

[0072] According to the present embodiment, one end of
the cable unit 30 is coupled to the rear end of the capsule body
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unit 20. The other end of the cable unit 30 is coupled to the
external device 40. A signal line, and the like, for transmitting
and receiving signals between the capsule body unit 20 and
the external device 40 are arranged inside the cable unit 30.

[0073] In addition, the cable unit 30 has flexibility (a so-
called “strap-shape,” refer to FIG. 3A). Therefore, the cable
unit 30 is arranged along the shape inside the sheath 10 with
the capsule body unit 20 indwelling in the sheath 10 inserted
into the inner cavity (the esophagus E) of the subject P (refer
to FIG. 1).

[0074] On the other hand, the cable unit 30 of the present
embodiment is configured such that the flexibility thereof is
lowered when contorted. According to a specific example, as
illustrated in FIG. 3A, a groove 30a is formed on the outer
peripheral surface of the cable unit 30. When the cable unit 30
is contorted, the flexibility of the cable unit 30 is lowered by
being twisted along the groove 30a (the cable unit 30 is
formed into a so-called “paper-twisted shape;” refer to FIG.
3B). The capsule body unit 20 can be inserted into the sheath
10 filled with a liquid by inserting the cable unit 30 thus
formed into the paper-twisted shape into the sheath 10 (refer
to FIG. 3C, the arrow indicates the insertion direction of the
capsule body unit 20). Further, by pulling the cable unit 30, it
is possible to transfer the capsule body unit 20 in the opposite
direction of the insertion direction. The capsule body unit 20
may be transferred in the opposite direction by contorting the
cable unit 30 in the opposite direction of the twisting direc-
tion, with flexibility provided cable unit 30.

[0075] Inaddition, a strap for transferring the capsule body
unit 20 may be provided other than the cable unit 30, leaving
the cable unit 30 flexible. One end of the strap is coupled to
the rear end of the capsule body unit 20. The strap is config-
ured such that the flexibility is lowered if the strap is con-
torted. As a specific example, a groove is formed on the strap.
When the strap is contorted, the flexibility of the strap is
lowered by being twisted along the groove. Thus, the capsule
body unit 20 can be inserted into the sheath 10 filled with a
liquid by inserting the strap in the paper-twisted shape into the
sheath 10. Further, by pulling the strap, it is possible to trans-
fer the capsule body unit 20 in the opposite direction of the
insertion direction. The capsule body unit 20 may be trans-
ferred in the opposite direction by contorting the strap in the
opposite direction of the twisting direction, with the flexibil-
ity provided to the strap.

[0076] Thus, the capsule body unit 20 can be transferred in
the sheath 10 by pushing and pulling the cable unit 30 (or the
strap provided other than the cable unit) through the operator.
The capsule body unit 20 does not come into contact with the
inner wall of the inner cavity of the subject P as the capsule
body unit 20 is transferred in the inner cavity of the subject P
via the sheath 10. Consequently, it becomes possible to pre-
vent the inner wall from being damaged due to the transfer of
the capsule body unit 20.

[0077] Further, the method of inserting the capsule body
unit 20 into the sheath 10 and the method of transferring the
capsule body unit 20 within the sheath 10 are not limited to
the abovementioned examples.

[0078] For example, the capsule body unit 20 may be
arranged at one end of the sheath 10 (opening part) in
advance. When a liquid is injected from the external device 40
into the sheath 10 in this state, it becomes possible to push the
capsule body unit 20 into the large diameter part 105 of the
sheath 10 due to pressure generated from the injection of the
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liquid. Subsequently, the position of the capsule body unit 20
can be adjusted by pushing and pulling the cable unit 30.

[0079] Alternatively, a self-propelled mechanism (for
example, a mechanism that advances and retreats within the
liquid filled in the sheath 10 by rotating a screw provided at
the rear end of the capsule body unit 20) can be provided to the
capsule body unit 20. The operator does not need to push and
pull the cable unit 30 by providing the self-propelled mecha-
nism. As a result, the capsule body unit 20 can be more
conveniently inserted, transferred, and the like, in the sheath
10.

[0080] In addition, when the observation is terminated, the
capsule body unit 20 can be removed from the inside of the
sheath 10 by pulling the cable unit 30. Alternatively, the
external device 40 (the liquid adjusting unit 48, to be
described later) can be used to evacuate the liquid in the
sheath 10 with the capsule body unit 20 arranged. Therefore,
when the observation is terminated, the sheath 10 is con-
tracted by evacuating the liquid in the sheath 10 with the
external device 40. By removing the opening part side (the
part on the outside of the subject P) of the contracted sheath
10 from the subject P, the operator can remove the capsule
body unit 20 located inside thereof together. In this case, as
the cable unit 30 does not need to be directly operated, it is
possible to prevent the breaking of signal lines, or the like,
arranged inside the cable unit 30.

[0081] In addition, the cable unit 30 may be provided with
a marker m (or a scale) (refer to FIG. 1). The operator can
visualize how much of the cable unit 30 (the capsule body unit
20) is inserted into the inner cavity of the subject P (the
position of the capsule body unit 20 in the inner cavity of the
subject P) by the marker m. For example, when the operator
desires to observe the heart H by indwelling the capsule body
unit 20 in the esophagus E, the marker m is provided in the
cable unit 30 based on the general length from the oral cavity
to the esophagus E. In other words, the marker m is provided
such that the length of the cable unit 30 between the marker m
and the capsule body unit 20 becomes approximately identi-
cal with the general length from the oral cavity to the esopha-
gus E. The operator confirms the position of the marker m
while inserting the capsule body unit 20 into the sheath 10 by
pushing the cable unit 30 into the sheath 10. When the marker
m reaches the vicinity of the oral cavity, the operator can
recognize that the capsule body unit 20 is positioned in the
esophagus E.

[0082] Hereinafter, with reference to FIGS. 4 to 6D, the
inner structure of the capsule body unit 20 will be described.

[0083] FIG. 4 is a block diagram illustrating the structures
of the capsule body unit 20 and the external device 40. The
capsule body unit 20 includes an ultrasound transducer 21, a
capsule transceiver 22, a capsule controller 23, a capsule
power source unit 24, and a fixation mechanism 25.

[0084] Theultrasound transducer 21 is stored in the capsule
body unit 20. Based on driving signals from the capsule
controller 23, the ultrasound transducer 21 transmits ultra-
sound waves from an emission surface. In addition, the ultra-
sound transducer 21 receives the reflected waves from the
subject P, and transfers the echo signals to the capsule trans-
ceiver 22.

[0085] Piezoelectric bodies and MUT (Micromachining
Ultrasound Transducer) elements can be used as transducer
elements to configure the ultrasound transducer 21. MUT
elements include cMUT (Capacitive Micromachining Ultra-
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sound Transducer: capacitance transducer) and pMUT (Pi-
ezoelectric Micromachining Ultrasound Transducer: piezo-
electric transducer).

[0086] Inthe presentembodiment, an example is described
in which a 2D array for transmitting and receiving ultrasound
waves by electronically scanning a plurality of transducer
elements arranged in the 2D array is utilized as the ultrasound
transducer 21. Ultrasound waves can be transmitted and
received in a square pyramid-shaped three-dimensional
domain by the 2D array (refer to FIG. 4).

[0087] The capsule transceiver 22 transmits control signals
from the external device 40 (a controller 44, to be described
later) to the capsule controller 23. Based on these control
signals, the capsule controller 23 transmits driving signals to
the ultrasound transducer 21. Subsequently, the capsule trans-
ceiver 22 receives echo signals based on the reflected waves
received by the ultrasound transducer 21. The capsule trans-
ceiver 22 outputs the echo signals to the external device 40 (a
transceiver 41, to be described later). According to the present
embodiment, the control signals, and the like, are transmitted
and received between the capsule body unit 20 and the exter-
nal device 40 via a signal line SL1 arranged in the cable unit
30.

[0088] As a specific example, the capsule controller 23
supplies driving signals to the ultrasound transducer 21 to
two-dimensionally scan the ultrasound transducer 21, caus-
ing the heart H to transmit ultrasound waves. The capsule
controller 23, for example, includes a clock generator, a trans-
mission delay circuit, and a pulsar circuit (not illustrated).
The clock generator serves to generate clock signals that
decide the transmission timing and transmission frequencies
of ultrasound signals. The transmission delay circuit carries
out transmission focus by delaying the transmission time of
ultrasound waves according to the delay time for convergence
in order to converge ultrasound waves on the observation
object and the delay time for the beam steering to the obser-
vation object. The pulsar circuit has pulsars, the number of
which is equivalent to the number of individual channels
corresponding to the transmitting elements. The pulsar circuit
generates a driving pulse (driving signal) at delayed transmis-
sion timing, and supplies the driving pulse (driving signal) to
the transmitting element that forms the ultrasound transducer
21.

[0089] In addition, by causing the received echo signals to
be subjected to delaying process, the capsule transceiver 22
converts the analog echo signals into digital data (received
data) provided with phasing and addition. The capsule trans-
ceiver 22 includes, for example, a gain circuit, an A/D con-
verter, a reception delay circuit, and an adder (not illustrated).
The gain circuit amplifies (gains) echo signals output from the
receiving elements of the ultrasound transducer 21 for each
reception channel. The A/D converter converts the amplified
echo signals into digital signals. The reception delay circuit
provides the delay time necessary for deciding the reception
directivity of the echo signals converted into the digital sig-
nals. Specifically, the reception delay circuit provides the
delay time for focusing and the delay time for beam steering
to the digital echo signals. The adder adds the delayed echo
signals. According to this addition, reflected signals from the
target are emphasized. In other words, according to the recep-
tion delay circuit and the adder, the echo signals acquired
from the observation object are phased and added. The cap-
sule transceiver 22 outputs the beamformed echo signals (re-
ceived data) to the external device 40.
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[0090] The capsule power source unit 24 gets the electric
power from the external device 40 (a power source unit47, to
be described later). The capsule power source unit 24 distrib-
utes the supplied electricity to the ultrasound transducer 21,
the capsule transceiver 22, and the capsule controller 23.
According to the present embodiment, electricity from the
external device 40 is supplied via a signal line SL.2 arranged
in the cable unit 30.

[0091] The fixation mechanism 25 disposed in the capsule
body unit 20 serves to fixedly arrange the capsule body unit
20 at the desired position in the large diameter part 105 of the
sheath 10. It is possible to indwell the capsule body unit 20 in
the inner cavity (the esophagus E) of the subject P by fixedly
arranging the capsule body unit 20 at the desired position.

[0092] The desired position is the position at which the
capsule body unit 20 can transmit and receive ultrasound
waves to and from the observation object. Whether or not the
capsule body unit 20 is placed at the desired position is
determined, for example, by observing ultrasound images
acquired through transmission and reception of ultrasound
waves via the operator.

[0093] Hereinafter, with reference to FIGS. 5A to 5D, the
detailed structure of the fixation mechanism 25 according to
the present embodiment will be described. FIGS. 5A and 5C
are side views of the capsule body unit 20 inserted into the
large diameter part 105 of the sheath 10. FIG. 5B is a front
view of the capsule body unit 20 in FIG. 5A as seen from a
direction I. FIG. 5D is a front view of the capsule body unit 20
in FIG. 5C as seen from a direction I1. Further, in FIGS. 5A to
5D, the illustrations of respective components stored in the
capsule body unit 20 other than the fixation mechanism 25
and the cable unit 30 are omitted.

[0094] The capsule body unit 20 illustrated in FIGS. 5A to
5D includes a main body part 20a, a hemisphere part 205, and
an axial part 20c. The ultrasound transducer 21, and the like,
and their respective components stored in the capsule body
unit 20 (other than the fixation mechanism 25) are arranged in
the main body part 20a. The hemisphere part 205 is a hollow
member arranged such that the hemisphere part 205 is attach-
able to and detachable from the main body part 20a. The
fixation mechanism 25 is arranged inside the hemisphere part
204. The axial part 20c¢ is a member protruding from the main
body part 20a to the inside of the hemisphere part 205 and,
further, is a member coupling the main body part 20a with the
fixation mechanism 25.

[0095] The fixation mechanism 25 according to the present
embodiment includes an expansion unit 25a.

[0096] The expansion unit 25a disposed in the capsule
body unit 20 expands by being supplied with a fluid from the
outside. The expansion unit 254 is configured by a member
with elasticity such as a resin material, and the like.

[0097] As a fluid injected into the expansion unit 254, for
example, any of a liquid such as water, or the like, or a gas
such as air, or the like, is available. However, gas attenuates
ultrasound waves. Therefore, in the case of using a gas as a
fluid, the fixation mechanism 25 (the expansion unit 254) is
preferably provided such that it is positioned outside the
transmission and reception directions of ultrasound waves by
the ultrasound transducer 21 with the capsule body unit 20
fixedly arranged therein (expanded state). In this case, the
fixation mechanism 25 never prevents transmission and
reception of ultrasound waves due to the ultrasound trans-
ducer 21.
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[0098] According to the present embodiment, a plurality of
the expansion units 25« is arranged at the front and rear ends
of the capsule body unit 20. For example, as illustrated in
FIGS. 5A and 5B, four expansion units 25¢ of the present
embodiment are provided at the front and rear ends of the
capsule body unit 20, respectively. In addition, each of the
expansion units 25 is arranged in the hemisphere part 205 in
acurved state. The expansion part 25a and the main body part
20a are coupled with each other by the axial part 20c.
[0099] In addition, each of the plurality of the expansion
units 25¢ is communicated with a fluid passage 60. The fluid
passage 60 provided in the cable unit 30 is a passage commu-
nicated with the external device 40 (a fluid adjusting unit 49,
to be described later). According to the present embodiment,
the fluid passage 60 penetrates the main body part 204 to be
communicated with each of the expansion units 25a arranged
at the front end of the capsule body unit 20. In the hemisphere
part 205, the fluid passage 60 is inserted into the axial part
20c.

[0100] Ifa fluidis supplied to each of the expansion units
25a via the fluid passage 60 from the external device 40, the
expansion unit 25a expands. The hemisphere part 205 is
detached with the expansion of the expansion unit 25a, after
which, the expansion unit 25a protrudes outside the capsule
body unit 20. The front end part of each of protruded expan-
sion units 254 is brought into contact with the inner wall of the
large diameter part 105 ofthe sheath 10 (refer to FIGS. 5C and
5D). According to the present embodiment, the four expan-
sion units 25a broaden in the cross-shape by being expanded,
while each front end part is brought into contact with the inner
wall of the large diameter part 105 of the sheath 10 (refer to
FIG. 5D).

[0101] Thus, by expanding the expansion unit 254 such that
it is brought into contact with the inner wall of the large
diameter part 106 of the sheath 10, it becomes possible to
fixedly arrange the capsule body unit 20 (the main body part
20a) at the desired position in the large diameter part 105 of
the sheath 10. In FIGS. 5C and 5D, illustrations of the
detached hemisphere parts 205 are omitted. In addition, it is
also possible to provide a porous part capable of protruding
outside of the capsule body unit 20 in the hemisphere part 205
when the expansion unit 25a expands. In this case, the struc-
ture in which the hemisphere part 205 is detached becomes
unnecessary.

[0102] Generally, as the esophagus E has elasticity and
peristalsis, it is difficult to indwell a medical apparatus, and
the like, therein. However, itis possible to indwell the capsule
body unit 20 in the subject P by fixedly arranging the capsule
body unit 20 to the large diameter part 105 of the sheath 10.
Subsequently, it becomes possible to observe the observation
object ofthe heart H, or the like, with ultrasound waves by the
indwelled capsule body unit 20. When the observation ends,
the expansion unit 25« is contracted to return to the original
state (the states of FIGS. 5A and 5B) by evacuating the fluid
in the expansion unit 25a with the external device 40 (the fluid
adjusting unit 49, to be described later).

[0103] Further, the structure of the fixation mechanism 25
according to the present embodiment is not limited to the
above if the structure can fixedly arrange the capsule body
unit 20 when the expansion unit 254 comes into direct contact
with the inner wall of the large diameter part 104 of the sheath
10.

[0104] Another example of the fixation mechanism 25
according to the present embodiment will be described with
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reference to FIGS. 6A to 6D. FIGS. 6A and 6C are side views
of the capsule body unit 20 inserted into the large diameter
part 105 of the sheath 10. FIG. 6B is a sectional view taken
along a direction III-I1I in FIG. 6A. FIG. 6D is a sectional
view taken along a direction TV-IV in FIG. 6C. In FIGS. 6 A to
6D, illustrations of respective components stored in the cap-
sule body unit 20 other than the fixation mechanism 25 and
the cable unit 30 are omitted.

[0105] According to this example, a balloon member 255 is
provided on the outer peripheral surface of the capsule body
unit 20. Four balloon members 255 are provided at the radi-
ally-opposed positions of the capsule body unit 20 (refer to
FIGS. 6B and 6D, in FIGS. 6A and 6C, illustrations of two
balloon members among the four balloon members 255 are
omitted). The balloon member 256 is formed by a member
with elasticity such as a resin material, and the like.

[0106] Ifa fluid is supplied from the external device 40 to
the balloon member 254 via the fluid passage 60, the balloon
member 255 expands. The expanded balloon member 2556
comes into contact with the inner wall of the large diameter
part 105 of the sheath 10 (refer to FIGS. 6C and 6D). As a
result, the balloon member 255 can fixedly arrange the cap-
sule body unit 20 at the desired position in the large diameter
part 105 of the sheath 10. The balloon member 255 of the
present embodiment is an example of “an expansion unit.”
[0107] Itissufficient for the expansion unit to be capable of
fixedly arranging the capsule body unit 20 at the desired
position in the large diameter part 105 of the sheath 10. In
other words, the number, shape, position, and the like, of the
expansion unit are not limited to the above examples.

[0108] According to the present embodiment, the sheath
10, the capsule body unit 20, and the fixation mechanism 25
relate to an example of “the ultrasound medical apparatus.”

<External Device 40>

[0109] Hereinafter, with reference to FIG. 4, the structure
of the external device 40 according to the present embodi-
ment will be described.

[0110] Theexternal device 40 includes the transceiver 41, a
received data processor 42, an image generator 43, the con-
troller 44, a display 45, an operation unit 46, the power source
unit 47, the liquid adjusting unit 48, and the fluid adjusting
unit 49.

[0111] The transceiver 41 receives the echo signals from
the capsule transceiver 22, and outputs the echo signals to the
received data processor 42. In addition, the transceiver 41
transmits the control signals from the controller 44 to the
capsule transceiver 22.

[0112] The received data processor 42 carries out various
signal processing on the echo signals output from the trans-
ceiver 41. For example, the received data processor 42
includes a B mode processor. The B mode processor receives
echo signals from the transceiver 41 to extract the amplitude
information of the echo signals. In addition, the received data
processor 42 may have a CFM (Color Flow Mapping) pro-
cessor. The CFM processor gets the blood-flow information.
In addition, the received data processor 42 may have a Dop-
pler processor. The Doppler processor extracts Doppler shift
frequency components by phase-detecting the echo signals,
and generates Doppler frequency distribution representing
the blood-flow velocity by carrying out the FFT processing.
Received data processor 42 outputs echo signals provided
with the signal processing to the image generator 43.
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[0113] The image generator 43 processes the echo signals
output from the received data processor 42 after being signal-
processed, and generates image data (ultrasound image data).
[0114] The controller 44 controls the operations of respec-
tive components of the ultrasound diagnosis apparatus 1. For
example, the controller 44 transmits driving signals for driv-
ing the ultrasound transducer 21 to the capsule transceiver 22
via the transceiver 41, and controls the transmission and
reception of ultrasound waves. Alternatively, the controller
44 causes the display 45 to display images (ultrasound
images) based on the image data (ultrasound image data)
generated by the image generator 43.

[0115] The display 45 is formed by a monitor such as a
CRT, a liquid crystal display, or the like. The operation unit 46
is formed by an input device such as a keyboard, a mouse, and
the like. The operator carries out the transmission and recep-
tion, and the like, of ultrasound waves by the capsule body
unit 20 via the operation unit 46.

[0116] The liquid adjusting part 48 is a device for injecting
aliquid into the sheath 10 or evacuating the liquid filled in the
sheath 10. The liquid may be stored in the liquid adjusting unit
48 itself or may be supplied from outside (for example, a
water tap).

[0117] The fluid adjusting unit 49 is a device for supplying
a fluid or evacuating the supplied fluid, in order for the fixa-
tion mechanism 25 (the expansion unit 25a, and the like) to
function. The fluid may be stored in the fluid adjusting unit 49
itself or may be supplied from outside (for example, a water
tap).

[0118] The liquid adjusting unit 48 and the fluid adjusting
unit 49 can be controlled via either automatic control by the
controller 44 or manual control by the operator.

[0119] Further, itis not necessary to install all of the respec-
tive coniponents of the external device 40 in one device as
illustrated in FIG. 1. For example, the external device 40
carries out the procedures for the generation of image data by
the image generator 43. The controller 44 transmits the gen-
erated image data to a display located at a remote place (for
example, a large hospital where a specialist works) through a
communication line. Subsequently, by observing the images
based on the present image data displayed on the display with
a specialist, it becomes possible to instruct the operator in a
location away therefrom to carry out an appropriate process-
ing on the subject. In addition, in this case, the size of the
ultrasound diagnosis apparatus 1 itself can be downsized
since the external device 40 does not need to be provided with
the display 45. Alternatively, it is also possible to provide a
dedicated tank as the liquid adjusting unit 48 and the fluid
adjusting unit 49.

[0120] Thesheath 10, the capsule body unit 20, the fixation
mechanism 25, the image generator 43, and the controller 44
according to the present embodiment relate to an example of
“the ultrasound diagnosis apparatus.”

<Operation>

[0121] Theoperation of the ultrasound diagnosis apparatus
1 according to the present embodiment will be described with
reference to FIG. 7. Here, an example of observing the heart
H by indwelling the capsule body unit 20 in the esophagus E
will be described.

[0122] At first, the operator inserts the sheath 10 into the
inner cavity of the subject P (S10). The inserted sheath 10 is
fixed to the mouthpiece M in order to prevent the esophagus
E from being transferred by peristalsis, or the like.
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[0123] The controller 44 causes the liquid adjusting unit 48
to inject a liquid into the sheath 10 (S11). The sheath 10, into
which the liquid is injected, expands, while the outer periph-
eral surface of the large diameter part 105 contacts the inner
wall surface of the esophagus E.

[0124] Theoperator places the capsule body unit 20 into the
sheath 10, and inserts the capsule body unit 20 into a desired
position by pushing the cable unit 30 (S12).

[0125] The controller 44 causes the fluid adjusting unit 49
to inject a fluid in the expansion unit 25« (S13).

[0126] The expansion unit 25a injected with fluid expands
to come into contact with the inner wall of the large diameter
part 105 of the sheath 10, thereby fixedly arranging the cap-
sule body unit 20 at the desired position in the large diameter
part 105 of the sheath 10 (S14).

[0127] Subsequently, the observation of ultrasound waves
is carried out by the capsule body unit 20 (S15).

[0128] Once the observation ends, the operator removes the
sheath 10 and the capsule body unit 20 from the subject P
(S16). Specifically, at first, the controller 44 causes the fluid
adjusting unit 49 to evacuate the fluid in the expansion unit
25a. Due to evacuation of the fluid, the expansion unit 254 is
contracted. In other words, the fixed arrangement of the cap-
sule body unit 20 is released. Consequently, it becomes pos-
sible to transfer the capsule body unit 20 in the sheath 10.
Next, the controller 44 causes the liquid adjusting unit 48 to
evacuate the liquid in the sheath 10. Due to evacuation of the
liquid, the sheath 10 is contracted. In other words, the state in
which the outer peripheral surface of the large diameter part
104 of the sheath 10 contacts the inner wall surface of the
esophagus E is dissolved. As a result, it becomes possible to
transfer the sheath 10 within the inner cavity of the subject P.
It is possible to simultaneously remove the sheath 10 and the
capsule body unit 20 from the subject P by pulling the open-
ing part side of the sheath 10 together with the cable unit 30
with the capsule body unit 20 arranged in the sheath 10.
Further, in the case of removing only the capsule body unit 20,
the operator may pull the cable unit 30 alone.

[0129] The present embodiment is described by taking the
heart H, for example, as the observation object; however, the
observation object is not limited to this. The structure of the
present embodiment can be applied to any site if the site can
be observed by ultrasound waves.

<Operation and Effect>

[0130] The operation and the effect of the present embodi-
ment will be described.

[0131] The ultrasound medical apparatus according to the
present embodiment includes the sheath 10, the capsule body
unit 20, and the fixation mechanism 25. The sheath 10 is
inserted into the inner cavity of the subject P, and the outer
peripheral surface (the outer peripheral surface of the large
diameter part 105) contacts the inner wall surface of the inner
cavity of the subject P with a liquid filled inside. The capsule
body unit 20 is inserted inside the sheath 10 (the inside of the
large diameter part 105), and stores the ultrasound transducer
21 that transmits and receives ultrasound waves to and from
the subject P (the observation object in the subject P). The
fixation mechanism 25 is provided in the capsule body unit
20, and fixedly arranges the capsule body unit 20 at a desired
position in the sheath 10 (in the large diameter part 105).
[0132] Thereby, the fixation mechanism 25, which fixedly
arranges the capsule body unit 20 at the desired positionin the
sheath 10, is provided. Therefore, according to the ultrasound
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medical apparatus of the present embodiment, it becomes
possible to indwell the capsule body unit 20 capable of trans-
mitting and receiving ultrasound waves in the observation
object in the subject P. It becomes possible to continuously
observe the observation object (for example, the heart H) with
ultrasound waves by indwelling the capsule body unit 20 in
the inner cavity of the subject P. In addition, the capsule body
unit 20 can be easily inserted into the inner cavity of the
subject P via the sheath 10.

[0133] Inaddition, the fixation mechanism 251s provided at
the outside position in the transmission and reception direc-
tions of ultrasound waves by the ultrasound transducer 21.
[0134] Thus, by arranging the fixation mechanism 25 on the
outside in the transmission and reception directions of ultra-
sound waves, the transmission and reception of ultrasound
waves are not prevented by the fixation mechanism 25. There-
fore, the ultrasound medical apparatus can carry out the
observation with ultrasound waves while being fixed by the
fixation mechanism 25.

[0135] Inaddition, the fixation mechanism 25 according to
the present embodiment includes the expansion unit 25a. The
expansion unit 25a is provided in the capsule body unit 20,
and expands by being supplied with a fluid from the outside.
Further, the capsule body unit 20 can be fixedly arranged at
the desired position in the sheath 10 (in the large diameter part
105) by bringing the expanded expansion unit 254 into con-
tact with the inner wall of the sheath 10 (the large diameter
part 105).

[0136] Specifically, a plurality of the expansion units 25a is
arranged at the front and rear ends of the capsule body unit 20,
while respective front end parts of the plurality of the expan-
sion units 25a come into contact with the inner wall of the
sheath 10.

[0137] Thus, the function of the fixation mechanism 25 can
be fulfilled only when the capsule body unit 20 is fixedly
arranged by providing the expansion unit 254 as the fixation
mechanism 25. In addition, it is possible to fixedly arrange the
capsule body unit 20 with greater certainty at the desired
position in the sheath 10 by providing the plurality of the
expansion units.

[0138] In addition, the ultrasound medical apparatus
includes the cable unit 30. The cable unit 30 is flexible, as one
end is coupled with the capsule body unit 20. The signal lines
(the signal line SL.1 and the signal line SL.2) for transmitting
and receiving signals between the capsule body unit 20 and
the external device 40 and the fluid passage 60 for supplying
a fluid to the expansion unit 25a from the external device 40
are arranged in the cable unit 30.

[0139] Thus, the transmission and reception of signals
between the capsule body unit 20 and the external device 40
can be easily carried out by providing the cable unit 30. In
addition, the wiring between the capsule body unit 20 and the
external device 40 can be unified by providing the fluid pas-
sage 60 and the signal lines in one cable unit 30, allowing the
ultrasound medical apparatus to be easily handled.

[0140] In addition, at least a part of the cable unit 30 has a
structure such that the flexibility of which is lowered by being
contorted.

[0141] Thecable unit 30 canbe formed into a paper-twisted
shape by contorting the cable unit 30 having such the struc-
ture. Therefore, the capsule body unit 20 can be easily trans-
ferred in the sheath 10 by pushing and pulling the cable unit
30 by the operator.
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[0142] In addition, the sheath 10 has a flat shape (for
example, a rounded flat shape) with no liquid filled inside
thereof.

[0143] Thus, the sheath 10 can be easily inserted into the
inner cavity of the subject P by forming the sheath 10 into a
flat shape.

[0144] In addition, the ultrasound diagnosis apparatus 1
including the ultrasound medical apparatus of the present
embodiment can be also formed. The ultrasound diagnosis
apparatus 1 includes the sheath 10, the capsule body unit 20,
the fixation mechanism 25, the image generator 43, and the
controller 44. The sheath 10 is inserted into the inner cavity of
the subject P, and the outer peripheral surface of which (the
outer peripheral surface of the large diameter part 106) con-
tacts the inner wall surface of the inner cavity of the subject P
with a liquid filled inside thereof. The capsule body unit 20 is
inserted in the sheath 10 (in the large diameter part 105) to
store the ultrasound transducer 21 that transmits and receives
ultrasound waves to and from the subject P (the observation
object in the subject P). The fixation mechanism 25 is pro-
vided in the capsule body unit 20 to fixedly arrange the
capsule body unit 20 at a desired position in the sheath 10 (in
the large diameter part 105). The image generator 43 pro-
cesses signals based on the reflected waves received by the
ultrasound transducer 21, and generates image data. The con-
troller 44 causes the display 45 to display the images based on
the image data generated by the image generator 43.

[0145] Thus, the fixation mechanism 25 is provided to fix-
edly arrange the capsule body unit 20 at the desired position
in the sheath 10 (in the large diameter part 105). Therefore,
the ultrasound diagnosis apparatus 1 of the present embodi-
ment, it becomes possible to indwell the capsule body unit 20
capable of transmitting and receiving ultrasound waves in the
observation object in the inner cavity of the subject P. Fur-
thermore, the ultrasound diagnosis apparatus 1 can generate
and display ultrasound images based on the echo signals
acquired by the capsule body unit 20. As a result, it becomes
possible to confirm and diagnose the state of the subject P
when the operator, and the like, observes the observation
object in the subject P.

[0146] Itisassumed that the ultrasound diagnosis apparatus
(ultrasound medical apparatus) according to the present
embodiment is used in the following situations.

[0147] Forexample, the ultrasound diagnosis apparatus can
be used for continuously monitoring the state ofthe heart H of
the subject P hospitalized in the emergency medical depart-
ment. Many of subjects P with acute cardiac disease and
hospitalized in the emergency medical department are uncon-
scious or cannot eat till treatment ends. Accordingly, even if
the capsule body unit 20 is indwelled into the esophagus E,
the subject P is less affected by discomfort, or the like.
[0148] Alternatively, the ultrasound diagnosis apparatus
can be used even in situations without a specialist, for
example, at an emergency medical site outside the hospital,
and the like. Even in remote places, instructions for appro-
priate treatment can be obtained by transmitting the image
data acquired through the ultrasound diagnosis apparatus to a
large hospital where a specialist works. In addition, by trans-
mitting the image data in advance from the emergency medi-
cal site to the hospital to which the subject is transferred, it
becomes possible to transfer the subject with timely treatment
upon arrival at the hospital. Furthermore, an ultrasound diag-
nosis apparatus as such can be downsized, therefore even at a
location at which it is difficult to carry a dedicated large
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apparatus (a remote area, and the like), ultrasound diagnosis
of the heart, or the like can be simply carried out.

Second Embodiment

[0149] Hereinafter, with reference to FIGS. 8A to 10, the
ultrasound diagnosis apparatus 1 according to a second
embodiment will be described. According to the present
embodiment, an example in which a fastening unit 25¢ and an
expansion unit 254 fixedly arrange the capsule body unit 20 at
the desired position in the sheath 10 will be described.
Detailed descriptions of structures identical with the first
embodiment are sometimes omitted.

[0150] The fixation mechanism 25 according to the present
embodiment will be described in detail with reference to
FIGS. 8A to 8D. FIGS. 8A and 8C are side views of the
capsule body unit 20 inserted into the large diameter part 105
of the sheath 10. FIG. 8B is a section taken along direction
V-V in FIG. 8A. FIG. 8D is a section taken along a direction
VI-VIin FIG. 8C. Furthermore, in FIGS. 8A to 8D, illustra-
tions of respective components stored in the capsule body unit
20 other than the fixation mechanism 25 and the cable unit 30
are omitted.

[0151] The fixation mechanism 25 according to the present
embodiment includes the fastening unit 25¢ and the expan-
sion unit 254.

[0152] The fastening unit 25¢ arranged on the periphery of
the capsule body unit 20 can be transferred in the radial
direction of the capsule body unit 20. In the present embodi-
ment, as illustrated in FIG. 8A, and the like, an example is
illustrated in which two fastening units 25¢ are provided
along the periphery of the capsule body unit 20. The fastening
unit 25¢ can be transferred in the radial direction of the
capsule body unit 20 around an axial part 25e (refer to FIG.
8B, and the like; the illustration is omitted in FIGS. 8A and
8C). The radial direction transferring means that a transfer
vector has a radial direction component.

[0153] The fastening unit 25¢ is formed of an elastic mem-
ber such as a resin material, or the like, or a less-elastic
member such as a metallic material, or the like. In the case of
forming the fastening unit 25¢ of a member that reflects and
attenuates the ultrasound waves of ametallic material, and the
like, the fastening unit 25¢ is preferably provided at a position
outside in the transmission and reception directions of ultra-
sound waves.

[0154] The expansion unit 254 arranged between the fas-
tening unit 25¢ and the capsule body unit 20 expands by being
supplied with a fluid from the outside. In the present embodi-
ment, as illustrated in FIG. 8D, the expansion unit 254 is
arranged between the outer peripheral surface of the capsule
body unit 20 and the fastening unit 25¢. Further, as the expan-
sion unit 254 is contracted in the state illustrated in FIG. 8B,
illustration of the expansion unit is omitted.

[0155] The expansion unit 254 is communicated with the
fluid passage 60. If a fluid is supplied from the external device
40 to the expansion unit 254 via the fluid passage 60, the
expansion unit 254 expands. Due to the expansion of the
expansion unit 254, the fastening unit 25¢ is transferred in the
radial direction. The transferred the fastening unit 25¢ comes
into contact with the inner wall of the large diameter part 105
of the sheath 10 (refer to FIGS. 8C and 8D).

[0156] Thereby, it is possible to fixedly arrange the capsule
body unit 20 at the desired position in the large diameter part
105 of the sheath 10 by expanding the expansion unit 254 via
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supply of the fluid and causing the fastening unit 25¢ to come
into contact with the large diameter part 105 of the sheath 10.

[0157] Further, the structure of the fixation mechanism 25
according to the present embodiment is not limited to the
above if the structure can fixedly arrange the capsule body
unit 20 on the inner wall of the large diameter part 105 of the
sheath 10 via the fastening unit by expanding the expansion
unit 25d.

[0158] Another example of the fixation mechanism 25
according to the present embodiment will be described with
reference to FIGS. 9A to 9D. FIG. 9A and FIG. 9C are side
views of the capsule body unit 20 inserted in the large diam-
eter part 105 of the sheath 10. FIG. 9B is a sectional view
taken along a direction VII-VII in FIG. 9A. FIG. 9D is a
sectional view taken along a direction VIII-VIII in FIG. 9C.
Furthermore, in FIGS. 9A to 9D, illustrations of respective
components stored in the capsule body unit 20 other than the
fixation mechanism 25 and the cable unit 30 are omitted.

[0159] The capsule body unit 20 illustrated in FIGS. 9A to
9D includes the main body part 20a and a shell part 204.
Respective components (other than the fixation mechanism
25) such as the ultrasound transducer 21, and the like, stored
in the capsule body unit 20 are arranged in the main body part
20a. The shell part 204 is a hemisphere member to cover the
main body part 20a, which is arranged in the radial direction
of the main body part 20a in a transferable manner. In this
example, two shell parts 204 are provided such that the parts
20d cover the main body part 20a (refer to FIG. 9A and the
like)

[0160] An expansionunit 25/1s arranged between the main
body part 20a and the shell part 204. The expansion unit 25/
expands by being supplied with a fluid from the fluid passage
60. As illustrated in FIG. 9D, the expansion unit 25/ is
arranged between the main outer peripheral surface of the
capsule body unit 20 and the shell part 204. Further, as the
expansion unit 25/ is contracted in the state illustrated in
FIGS. 9A and 9B, illustration thereof is omitted.

[0161] The shell part 204 transfers in the radial direction
due to expansion of the expansion unit 25/. The transferred
shell part 204 comes into contact with the inner wall of the
large diameter part 105 of the sheath 10 (refer to FIGS. 9C and
9D). As a result, the shell part 204 can fixedly arrange the
main body part 20a (the capsule body unit 20) at the desired
position in the large diameter part 105 of the sheath 10. The
shell part 204 of the present embodiment is an example of a
“fastening unit.” In addition, the shell part 204 and the expan-
sion unit 25/ form the fixation mechanism 25. Thus, the
capsule body unit 20 can be downsized using a part of the
capsule body unit 20, as a fastening unit.

[0162] Further, it is sufficient for a fastening unit and an
expansion unit to be capable of fixedly arranging the capsule
body unit 20 at the desired position in the large diameter part
104 of the sheath 10. In other words, the numbers, shapes,
positions, and the like, of the fastening unit and the expansion
unit are not limited to the above examples. For example, in the
structure having the fastening unit 25¢ as illustrated in FIGS.
8A to 8D, it is also possible to provide a groove part into
which the fastening unit 25¢ fits with the expansion unit 254
contracted on the outer peripheral surface of the capsule body
unit 20. Due to such a structure, it is possible to decrease the
external diameter of the capsule body unit 20, including the
fixation mechanism 25. In other words, the capsule body unit
20 can be downsized.
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<Operation>

[0163] Theoperation of the ultrasound diagnosis apparatus
1 according to the present embodiment will be described with
reference to F1G. 10. Here, an example of observing the heart
H by indwelling the capsule body unit 20 in the esophagus E
will be described.

[0164] In the same manner as the first embodiment, the
operator inserts the sheath 10 into the inner cavity of the
subject P (520). The controller 44 causes the liquid adjusting
unit 48 to insert a liquid into the sheath 10 (S21). The sheath
10 injected with the liquid expands, while the outer peripheral
surface of the large diameter part 105 contacts the inner wall
surface of the esophagus E. The operator places the capsule
body unit 20 into the sheath 10, and inserts the capsule body
unit 20 into the desired position by pushing the cable unit 30
(522). The controller 44 causes the fluid adjusting unit 49 to
inject a fluid into the expansion unit 25/'(S23).

[0165] The expansion unit 254 injected with the fluid
expands to transfer the fastening unit 25¢ in the radial direc-
tion of the capsule body unit 20 (S24).

[0166] The fastening unit 25¢ comes into contact with the
inner wall of the large diameter part 105 of the sheath 10,
thereby fixedly arranging the capsule body unit 20 at the
desired position in the large diameter part 105 of the sheath 10
(525).

[0167] Subsequently, the observation with ultrasound
waves is carried out by the capsule body unit 20 (S26).

[0168] Once the observation ends, the operator removes the
sheath 10 and the capsule body unit 20 from the subject P
(827). Specifically, at first, the controller 44 causes the fluid
adjusting unit 49 to evacuate the fluid in the expansion umt
25d. Due to evacuation of the fluid, the expansion unit 254 is
contracted. The fastening unit 25¢ is separated from the inner
wall of the large diameter part 105 of the sheath 10 by the
contraction of the expansion unit 254. In other words, the
fixed arrangement of the capsule body unit 20 is released.
Next, the controller 44 causes the liquid adjusting unit 48 to
evacuate the liquid in the sheath 10. Due to evacuation of the
liquid, the sheath 10 is contracted. In other words, the state in
which the outer peripheral surface of the large diameter part
105 of the sheath 10 contacts the inner wall surface of the
esophagus E is dissolved. As a result, it becomes possible to
transfer the sheath 10 within the inner cavity of the subject P.
It is possible to simultaneously remove the sheath 10 and the
capsule body unit 20 from the subject P by pulling the open-
ing part side of the sheath 10 together with the cable unit 30
with the capsule body unit 20 arranged in the sheath 10.

<Operation and Effect>

[0169] The operation and effect of the present embodiment
will be described.

[0170] The fixation mechanism 25 according to the present
embodiment includes the fastening unit 25¢ and the expan-
sion unit 254. The fastening unit 25¢ is arranged on the
external peripheral of the capsule body unit 20, which can
transfer in the radial direction of the capsule body unit 20. The
expansion unit 254 is arranged between the fastening unit 25¢
and the capsule body unit 20, which expands by being sup-
plied with a fluid from the outside. Further, the capsule body
unit 20 can be fixedly arranged at the desired position in the
large diameter part 105 of the sheath 10 when the expanded
expansion unit 254 transfers the fastening unit 25¢, allowing
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the fastening unit 25¢ to come into contact with the inner wall
of the large diameter part 105 of the sheath 10.

[0171] Thus, it becomes also possible to indwell the cap-
sule body unit 20 that can transmit and receive ultrasound
waves into the observation object in the subject P by provid-
ing the fastening unit 25¢ and the expansion unit 254 as the
fixation mechanism 25, in the same manner as the first
embodiment.

Third Embodiment

[0172] Hereinafter, with reference to FIGS. 11 to 13, the
ultrasound diagnosis apparatus 1 according to a third embodi-
ment will be described. According to the present embodi-
ment, an example in which the fixation mechanism 25 is
provided in the sheath 10 will be described. Detailed descrip-
tions of structures identical with the first embodiment and the
second embodiment are sometimes omitted.

[0173] FIG. 11 is a block diagram illustrating the structures
of the capsule body unit 20 and the external device 40 accord-
ing to the present embodiment. According to the present
embodiment, the fixation mechanism 25 is arranged on the
sheath 10 side. In addition, the liquid adjusting unit 48 in the
external device 40 functions to inject and evacuate a liquid
into and out of the sheath 10 (in a first sheath part 11, to be
described later), and to inject and evacuate a liquid into and
out of the fixation mechanism 25.

[0174] The fixation mechanism 25 according to the present
embodiment will be described in detail with reference to
FIGS. 12A t0 12D. FIGS. 12A and 12C are side views of the
capsule body unit 20 inserted into the large diameter part 105
of the sheath 10. FIG. 12B is a sectional view taken along a
direction IX-IX in FIG. 12A. FIG. 12D is a sectional view
taken along a direction X-X in FIG. 12C. Furthermore, in
FIGS. 12A to 12D, illustrations of respective components
stored in the capsule body unit 20 are omitted.

[0175] As illustrated in FIG. 12A, and the like, the sheath
10 (at least, the large diameter part 105) of the present
embodiment includes the first sheath part 11 and a second
sheath part 12.

[0176] Each ofthe first sheath part 11 and the second sheath
part 12 is a specific-length hollow member with an opening
part formed at one end. Each of the first sheath part 11 and the
second sheath part 12 is made of a material that can penetrate
ultrasound waves.

[0177] In addition, the second sheath part 12 is provided
such that the part 12 covers the first sheath part 11. In other
words, the sheath 10 of the present embodiment has a double
structure. Therefore, a liquid can be injected between the first
sheath part 11 and the second sheath part 12 (the gap between
the outer peripheral surface of the first sheath part 11 and the
inner peripheral surface of the second sheath part 12). When
the first sheath part 11 is filled with a liquid, the first sheath
part 11 and the second sheath part 12 expand, the outer
peripheral surface of the second sheath part 12 contacts the
inner wall surface of the inner wall of the subject P (the
esophagus E) (refer to FIGS. 12A and 12B). The capsule body
unit 20 is inserted inside the first sheath part 11.

[0178] Inthecase of fixedly arranging the capsule body unit
20 at the desired position in the large diameter part 106 of the
sheath 10 (in the first sheath part 11), the liquid adjusting unit
48 inserts a liquid between the first sheath part 11 and the
second sheath part 12. In this case, as the second sheath part
12 contacts the inner wall surface of the esophagus E, the first
sheath part 11 inwardly expands. The inner wall of the
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expanded first sheath part 11 comes into contact with the
outer wall of the capsule body unit 20 inserted into the first
sheath part 11 (refer to FIGS. 12C and 12D). Therefore, the
capsule body unit 20 is fixedly arranged at the desired posi-
tion in the first sheath part 11 (in the large diameter part 105
of the sheath 10).

[0179] The first sheath part 11 is an example of an “expan-
sion unit.” In addition, the first sheath part 11 and the second
sheath part 12 form the fixation mechanism 25. Furthermore,
the first sheath part 11 is preferably made of a material that is
more elastic than the second sheath part 12. Such a structure
makes it easier for the first sheath part 11 to inwardly expand
when a liquid is injected between the first sheath part 11 and
the second sheath part 12.

[0180] Furthermore, it is sufficient for the first sheath part
11 to be capable of fixedly arranging the capsule body unit 20
at the desired position in the first sheath part 11. In other
words, the shape, and the like, of the first sheath part 11 are
not limited to the above example. For example, the inner
peripheral surface of the first sheath part 11 can be at least
partly formed in a concavo-convex shape. In this case, since
the capsule body unit 20 is securely fixed due to concavities
and convexities, it is possible to fixedly arrange the capsule
body unit 20 more securely in the first sheath part 11.

<Operation>

[0181] Theoperation of the ultrasound diagnosis apparatus
1 according to the present embodiment will be described with
reference to FIG. 13. Here, an example of indwelling the
capsule body unit 20 in the esophagus E to observe the heart
H will be described.

[0182] The operator inserts the sheath 10 having the first
sheath part 11 and the second sheath part 12 into the inner
cavity of the subject P (S30).

[0183] Thecontroller 44 causes the liquid adjusting unit 48
to inject a liquid into the first sheath part 11 (S31). Due to
expansion of the first sheath part 11 filled with the liquid, the
second sheath part 12 provided in the external peripheral of
the first sheath part 11 also expands. As a result, the outer
peripheral surface of the second sheath part 12 (outer periph-
eral surface of the large diameter part 106 of the second sheath
part 12) contacts the inner wall surface of the esophagus E.
[0184] Theoperator places the capsulebody unit 20 into the
first sheath part 11, and inserts the capsule body unit 20 into
the desired position by pushing the cable unit 30 (S32).
[0185] Thecontroller 44 causes the liquid adjusting unit 48
to inject a liquid between the first sheath part 11 and the
second sheath part 12 (S33).

[0186] Dueto injection of the liquid, the first sheath part 11
inwardly expands. The capsule body unit 20 is fixedly
arranged at the desired position in the large diameter part 105
of the sheath 10 when the inner wall of the first sheath part 11
(the large diameter part 105 of the first sheath part 11) comes
into contact with the outer wall of the capsule body unit 20
(534).

[0187] Subsequently. the capsule body unit 20 carries out
the observation with ultrasound waves (S35).

[0188] Once the observation ends, the operator removes the
sheath 10 and the capsule body unit 20 from the subject P
(S36). Specifically, at first, the controller 44 causes the liquid
adjusting unit 48 to evacuate the liquid between the first
sheath part 11 and the second sheath part 12. Due to evacua-
tion of the liquid, the first sheath part 11 is contracted. In other
words, the fixed arrangement of the capsule body unit 20 is
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released. Next, the controller 44 causes the liquid adjusting
unit 48 to evacuate the liquid in the first sheath part 11. Due to
evacuation of the liquid, the sheath 10 is completely con-
tracted. In other words, the state in which the outer peripheral
surface of the large diameter part 105 of the second sheath
part 12 contacts the inner wall surface of the esophagus E is
dissolved. As a result, it becomes possible to transfer the
sheath 10 within the inner cavity of the subject P. It is possible
to simultaneously remove the sheath 10 and the capsule body
unit 20 from the subject P by pulling the opening part side of
the sheath 10 together with the cable unit 30 with the capsule
body unit 20 arranged in the sheath 10.

[0189] Furthermore, the structures of the first embodiment,
the second embodiment, and the third embodiment can also
be combined. In other words, the fixation mechanism 25 may
be provided in both the sheath 10 and the capsule body unit
20. In this case, it becomes possible to fixedly arrange the
capsule body unit 20 more securely at the desired position in
the sheath 10.

<Operation and Effect>

[0190] The operation and effect of the present embodiment
will be described.

[0191] The fixation mechanism 25 according to the present
embodiment includes an expansion unit (the first sheath part
11). Thefirst sheath part 11 provided in the sheath 10 expands
by being supplied with a liquid from the outside. Subse-
quently, it becomes possible to fixedly arrange the capsule
body unit 20 at the desired position in the large diameter part
104 of the sheath 10 when the first sheath part 11 expands,
allowing the inner wall of the first sheath part 11 to come into
contact with the outer wall of the capsule body unit 20.
[0192] Thus, it becomes possible to indwell the capsule
body unit 20 that can transmit and receive ultrasound waves in
the observation object in the subject P by providing the fixa-
tion mechanism 25 on the sheath 10 side in the same manner
as the first embodiment and the second embodiment. In addi-
tion, since the fixation mechanism 25 does not need to be
provided on the capsule body unit 20, it becomes possible to
downsize and simplify the capsule body unit 20.

Modified Example 1

[0193] Forexample, the inner wall surface of the actual the
esophagus E has concavities and convexities. Accordingly,
even if the sheath 10 is expanded by being filled with a liquid,
it is possible that the outer peripheral surface of the sheath 10
may not sufficiently contact the inner wall surface of the
esophagus E. Therefore, the sheath 10 is preferably structured
such that adhesion between the outer peripheral surface and
the inner wall surface of the subject P is enhanced.

[0194] The structure of the sheath 10 according to the
present modified example will be described with reference to
FIGS.14A to 14D. FIGS. 14A and 14C are perspective views
schematically illustrating the sheath 10 according to the
present modified example. FIGS. 14B and 14D are pattern
views with the outer peripheral surface of the sheath 10 partly
enlarged.

[0195] The sheath 10 includes micropores 10¢ and an
absorbing member 104d.

[0196] Themicropores 10c are formed at least partly on the
outer peripheral surface of the sheath 10 (refer to FIG. 14B
and the like). When a liquid is injected into the sheath 10 with
the inner pressure of the sheath 10 raised, a liquid is exuded
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from the micropores 10c. FIG. 14B, and the like, illustrates
the structure provided with a plurality of the micropores 10c¢;
however, a single micropore 10c is sufficient.

[0197] Theabsorbing member 104 is a member provided at
the position covering the micropores 10c. The absorbing
member 104 generally formed in a thin sheet-like shape
expands by absorbing a liquid, while it is made of a material
that can penetrate ultrasound waves (a material that does
neither reflect nor attenuate ultrasound waves).

[0198] The absorbing member 104 covering the
micropores 10c expands by absorbing a liquid exuded from
the micropores 10¢, and comes into contact with the inner
wall surface of the esophagus E as fitting to the shape thereof
(refer to FIGS. 14C and 14D). Since the absorbing member
104 becomes more elastic than the sheath 10 by absorbing the
liquid, adhesion with the inner wall surface of the esophagus
E is improved.

[0199] Thus, by providing the micropores 10¢ and the
absorbing member 104 in the sheath 10, even if the inner wall
surface of the inner cavity of the subject P has concavities and
convexities, it is possible to make the outer peripheral surface
(the absorbing member 104) of the sheath 10 come into secure
contact with the inner wall surface of the inner cavity of the
subject P.

Modified Example 2

[0200] During the observation by the ultrasound diagnosis
apparatus 1, a large amount of echo signals are acquired. In
other words, the amount of received data to be transmitted to
the external device 40 also becomes large. In the present
modified example, the structure of efficiently transmitting a
large amount of received data based on the echo signals
acquired by the capsule body unit 20 to the external device 40
will be described.

[0201] For example, as illustrated in FIG. 15, a transmitter
26 is provided in the capsule body unit 20. In addition, a
receiver 50 is provided in the external device 40.

[0202] The transmitter 26 compresses the data amount by
implementing compression-processing on the echo signals
received by the ultrasound transducer 21. In addition, the
transmitter 26 transmits the compressed received data to the
receiver 50 provided to the external device 40 through a
dedicated signal line SL3. The receiver 50 decompresses the
compressed received data to output the decompressed data to
the received data processor 42.

[0203] For data compression and decompression, publicly-
known methods can be used. In addition, according to the
present modified example, control signals, and the like, from
the controller 44 are directly transmitted to the capsule con-
troller 23 via the signal line SL1.

[0204] Thus, the transmitter 26 compression-processes the
echo signals to transmit the signals to the external device 40
via the dedicated signal line SL3 as received data. In other
words, according to ultrasound diagnosis apparatus of the
present modified example, the data amount to be transmitted
from the capsule body unit 20 to the external device 40 is
reduced, enabling high-speed data transmission.

[0205] Alternatively, in the case of transmitting the data
from the capsule body unit 20 to the external device 40,
further high-speed data transmission can be carried out by
converting the received data into image data rather than
directly transmitting the received data. Therefore, the struc-
ture illustrated in FIG. 16 can also be employed as a structure
for efficiently transmitting the received data.
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[0206] According to the structure illustrated in FIG. 16, the
received data processor 42 and the image generator 43 pro-
vided in the external device 40 of the abovementioned
embodiments are provided in the capsule body unit 20. In
FIG. 16, signal lines from the capsule controller 23 and the
capsule power source unit 24 to respective components in the
capsule body unit 20 are omitted.

[0207] The received data processor 42 according to the
present modified example carries out signal processing
directly on the echo signals based on the reflected waves
received by the ultrasound transducer 21. The image genera-
tor 43 generates image data based on the signal-processed
echo signals, and transmits the image data to the transmitter
26. The transmitter 26 transmits the image data to the receiver
50 of the external device 40 through the dedicated signal line
SL3. The controller 44 causes the display 45 to display
images based on the image data received by the receiver 50.
Furthermore, the transmitter 26 may carry out compression
processing on the image data. In this case, the receiver 50
decompresses the compressed image data.

[0208] Thereby, the capsule body unit 20 generates image
data inside thereof to transmit the image data to the external
device 40 via the dedicated signal line SL3. In other words,
according to the ultrasound diagnosis apparatus 1 of the
present modified example, high-speed data transmission
becomes possible. In addition, real-time image data can be
transmitted by forming the received data processor 42, the
image generator 43, and the transmitter 26 from one semi-
conductor chip.

Modified Example 3

[0209] For example, during observation of the heart H, the
capsule body unit 20 is sometimes arranged in the position at
which the esophagus E has the largest diameter. Generally,
the heart H is positioned diagonally to the position at which
the esophagus E has the largest diameter. In other words,
when the capsule body unit 20 is arranged in the position at
which the esophagus E has the largest diameter, the capsule
body unit 20 is positioned diagonally to the heart H. Accord-
ingly, the capsule body unit 20 requires a structure that can
diagonally transmit and receive ultrasound waves.

[0210] For example, as illustrated in FIG. 17, an angle
change mechanism 27 is provided in the capsule body unit 20.
The angle change mechanism 27 is arranged on the back
surface of the ultrasound transducer 21, and holds the ultra-
sound transducer 21 such that the transducer 21 remains
inclined at a specific angle. The specific angle can be prede-
termined by estimating the spatial position between the
expected position at which the capsule body unit 20 is ind-
welled (for example, the position at which the esophagus E
has the largest diameter) and the observation object (for
example, the heart H). The ultrasound transducer 21 is
enabled to transmit and receive ultrasound waves in the
oblique direction while being held by the angle change
mechanism 27.

[0211] Furthermore, depending on the body type and the
age of the subject P, it is possible that the spatial position
between the position at which the esophagus E has the largest
diameter and the heart H differs. In addition, the operator
sometimes desires to observe the heart H at a position other
than the position at which the esophagus E has the largest
diameter. Further, the operator sometimes desires to fine-
adjust the transmission and reception directions of ultrasound
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waves with the capsule body unit 20 fixedly arranged in the
sheath 10 by the fixation mechanism 25.

[0212] In this case, as illustrated in FIG. 18, the angle
change mechanism 27 can be movably structured. The angle
change mechanism 27 illustrated in FIG. 18 includes an
opposed plate 27¢ and an adjusting mechanism 27b. The
opposed plate 27q is a plate-like member provided on the
back surface of the ultrasound transducer 21. The adjusting
mechanism 275 is a mechanism which is provided on the back
surface of the opposed plate 27a and changes the inclination
ofthe ultrasound transducer 21 via the opposed plate 27a. The
adjusting mechanism 275 is formed in an expandable and
contractive shape (for example, an accordion structure). In
the present modified example, the fluid adjusting unit 49 in
the external device 40 is structured to inject and evacuate a
fluid into and from the fixation mechanism 25 and the adjust-
ing mechanism 275. In F1G. 18, signal lines from the capsule
power source unit 24 to respective components in the capsule
body unit 20 are omitted.

[0213] Theadjusting mechanism 275 extends and contracts
when the fluid adjusting unit 49 injects and evacuates a fluid
into and from the adjusting mechanism 275. The inclination
of the ultrasound transducer 21 is changed via the opposed
plate 27a with expansion and contraction of the adjusting
mechanism 275. In other words, due to expansion and con-
traction of the adjusting mechanism 275, it is possible to
change the transmission and reception directions of ultra-
sound waves.

[0214] Furthermore, the adjusting mechanism 274 illus-
trated in FIG. 18 is structured to change inclination only
uniaxially (inclination in the direction of the broken-line
arrow in FIG. 18); however, it may be structured such that it is
capable of changing inclination multiaxially. In addition, a
motor can also be used as the adjusting mechanism 275. The
capsule controller 23 drives the opposed plate 27a by con-
trolling the motor. In the case of using the motor as the
adjusting mechanism 275, a dedicated passage for injecting
and evacuating a fluid from the fluid adjusting unit 49
becomes unnecessary.

Modified Example 4

[0215] For example, even for the case in which the capsule
body unit 20 is fixedly arranged at the desired position in the
large diameter part 105 of the sheath 10, there is the potential
for the capsule body unit 20 to transfer due to the effect of
peristalsis and respiration, or the like, of the esophagus E. In
this case, the transmission and reception directions of ultra-
sound waves for the heart H are displaced. Therefore, ultra-
sound image data generated by the echo signals based on the
received waves is also displaced. Thus, if the transmission
and reception direction of ultrasound waves is displaced,
inconvenience may be occurred in cases such as observing the
heart H, and the like.

[0216] Therefore, according to the present modified
example, as illustrated in FIG. 19, a displacement amount
calculator 51 is provided in the external device 40, and a
displacement correcting mechanism 28 is provided in the
capsule body unit 20.

[0217] The displacement amount calculator 51 compares
the image data acquired at a certain timing with the image
data acquired at another timing to determine the presence or
absence of displacement among images. For example, in the
case of acquiring three-dimensional image data using a 2D
array, the displacement amount calculator 51 calculates the
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displacement amounts in three-dimensional directions (XYZ
direction), respectively. When it is determined that there is
displacement among images, the displacement amount cal-
culator 51 transmits the information about the displacement
amounts to the capsule controller 23 via the transceiver 41.
[0218] The displacement correcting mechanism 28 is a
mechanism for transferring the ultrasound transducer 21 in a
specific direction (for example, the three-dimensional direc-
tion). When information regarding the displacement amount
is transmitted from the displacement amount calculator 51,
the capsule controller 23 causes the correcting mechanism 28
based on this information to transfer the ultrasound trans-
ducer 21 in a direction that dissolves displacement.

[0219] Furthermore, the method of correcting displace-
ment is not limited to the abovementioned method alone and
publicly-known methods can be also used. For example, the
displacement amount calculator 51 compares the reference
image data acquired in advance with the image data acquired
at a different timing from that of the reference image data to
calculate the displacement amount in the three-dimensional
direction. The displacement amount calculator 51 transmits
the calculated displacement amount to the image generator
43. The image generator 43 corrects the image data displace-
ment acquired at different timings based on the transmitted
displacement amount by the image processing. The controller
44 causes the display 45 to display images based on the
corrected image data. In this case, the displacement correct-
ing mechanism 28 becomes unnecessary.

Modified Example 5

[0220] According to the abovementioned embodiments,
the structures of transmitting and receiving ultrasound waves
using a 2D array as the ultrasound transducer 21 have been
described; however, the structure of transmitting and receiv-
ing ultrasound waves in the capsule body unit 20 is not limited
to this.

[0221] For example, as illustrated in FIG. 20, a structure in
which two ultrasound transducers 21 are arranged in the
capsule body unit 20 is possible. The resolution of images in
the transmission direction of ultrasound waves is more often
different from that in the vertical direction with respect
thereto. Further, reflected waves of ultrasound waves have
angle dependencies depending on the structure of the obser-
vation object (a valve of the heart H, and the like). If ultra-
sound waves vertically contacts the observation object, the
reflected waves become strong, while if ultrasound waves
obliquely contacts the observation object, the reflected waves
become weak. Therefore, as the structure of arranging two
ultrasound transducers 21, there is the possibility of generat-
ing image data in two directions for the same observation
object, or, the possibility of generating higher-accuracy
image data by synthesizing the echo signals thereof.

[0222] The respective ultrasound transducers 21 are
inclined for the observation object (the heart H) by the angle
change mechanism 27 such that the transmission directions of
ultrasound waves overlap each other. In other words, the
respective ultrasound transducers 21 can receive the reflected
waves from different directions for the same observation
object. The respective ultrasound transducers 21 control the
transmission and reception of respective ultrasound waves to
avoid overlapping each other. Furthermore, the two ultra-
sound transducers 21 can also receive the reflected waves of
ultrasound waves transmitted from one of the ultrasound
transducers 21. Due to the echo signals based on these
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reflected waves, the image generator 43 can manufacture
image data in different directions for the same observation
object. Alternatively, the image generator 43 can manufacture
higher-accuracy image data by synthesizing these echo sig-
nals. In FIG. 20, the wiring between the capsule body unit 20
and the external device 40 (signal lines and the fluid passage
60) and signal lines from the capsule power source unit 24 to
respective components in the capsule body unit 20 are omit-
ted.

[0223] In addition, as the ultrasound transducer 21, a 1D
array with transducer elements arranged in a line can also be
used. In this case, a transfer mechanism (a transfer mecha-
nism 29aq, refer to F1G. 21A, a transfer mechanism 295, refer
to FIG. 22A) is provided in the capsule body unit 20. The
transfer mechanism is a mechanism of transferring the 1D
array in the arbitral direction. Even the ultrasound transducer
of the 1D array can two-dimensionally or three-dimension-
ally transmit and receive ultrasound waves for the observation
object by the transfer mechanism. Furthermore, in FIGS. 21A
and 22 A, the wiring between the capsule body unit 20 and the
external device 40 (the signal lines and the fluid passage 60)
and the signal lines from the capsule power source unit 24 to
respective components in the capsule body unit 20 are omit-
ted.

[0224] FIG. 21B illustrates an example of a specific struc-
ture of the transfer mechanism 29a. The transfer mechanism
29a includes a rotating part 290 and a fixing part 291. The 1D
array (the ultrasound transducer 21) is arranged on the upper
surface of the rotating part 290. The fixing part 291 is fixed in
the capsule body unit 20 to rotatable hold the rotating part 290
(thearrows inFI1G. 21B indicate the rotational direction of the
rotating part 290).

[0225] The capsule controller 23 stops the rotating part 290
after rotating the part 290 by a specific transfer angle, and
controls the ultrasound transducer 21 to transmit and receive
ultrasound waves. The capsule controller 23 continuously
repeats this control within the specific rotational range. In this
case, the ultrasound transducer 21 can transmit and receive
ultrasound waves in a three-dimensional domain formed in a
conical shape (refer to FIG. 21 A). Furthermore, if the transfer
angle is decreased, it is possible to carry out transmission and
reception of ultrasound waves with a high degree of accuracy
in the three-dimensional domain formed in the conical shape.
The echo signals based on the reflected waves received by the
ultrasound transducer 21 are transmitted to the capsule trans-
ceiver 22 by a slip ring (not illustrated), or the like, via the
fixing part 291.

[0226] The capsule controller 23 can arbitrarily control the
rotational direction of the rotating part 290. For example, the
capsule controller 23 can also control the rotating part to
reciprocately rotate the ultrasound transducer 21, namely, to
rotate the transducer in a certain direction by 180 degrees, and
then rotate the transducer in the opposite direction by 180
degrees. In this case, the echo signals based on the reflective
waves acquired by the rotating part 290 can be transmitted to
the fixing part 291 using signal lines.

[0227] FIG. 22B illustrates an example of a specific struc-
ture of the transfer mechanism 295. The transfer mechanism
294 includes the fixing part 291, a slide part 292, and a slide
part 293.

[0228] Theslide part 292 is formed of a pair of members, in
which the ultrasound transducer 21 is arranged. The slide part
292 is a mechanism of transferring the ultrasound transducer
21 in a specific direction (a direction of an arrow A in FIG.
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22B). The slide part 293 is formed of a pair of members, on
which the slide part 292 is arranged. The slide part 293 is a
mechanism for transferring the ultrasound transducer 21 in
the direction perpendicular to the specific direction (the direc-
tion A) (a direction of an arrow B in FIG. 22B) via the slide
part 292. The slide part 293 is fixed on the fixing part 291. A
stepping motor can be used as the slide part 292 and the slide
part 293.

[0229] The capsule controller 23 causes the slide part 292
and the slide part 293 respectively to stop after driving a
specific transfer amount, and controls the ultrasound trans-
ducer 21 to transmit and receive ultrasound waves. The cap-
sule controller 23 continuously repeats this control within a
specific transfer range. In this case, the ultrasound transducer
21 can transmit and receive ultrasound waves in a three-
dimensional domain formed in a quadrangular pyramid com-
posed ofplural two-dimensional domains (refer to FIG. 22A).
Further, if the transfer amounts of the respective slide parts
are decreased, it is possible to carry out the transmission and
reception of ultrasound waves with a high degree of accuracy
in the three-dimensional domain formed in the quadrangular
pyramid. In FIG. 22 A, the domain represented by solid lines
extending from the ultrasound transducer 21 indicates a two-
dimensional domain (a single two-dimensional domain) in
which ultrasound waves are transmitted and received with the
ultrasound transducer 21 arranged at a certain position. When
the capsule controller 23 drives the slide part 292 and the slide
part 293, the ultrasound transducer 21 can transmit and
receive ultrasound waves for the entire domain represented by
dashed-dotted lines in FIG. 22A.

[0230] Furthermore, in the case of transferring the ultra-
sound transducer 21 in only one direction, it is sufficient if any
one of the slide part 292 and the slide part 293 is provided. In
addition, by forming the slide part 292 and the slide part 293
in an arc-like shape, the transfer range of the ultrasound
transducer 21 can be broadened. The transmission and recep-
tion range of ultrasound waves can be broadened by transfer-
ring the ultrasound transducer 21 over a broad range. Further,
the slide part 292 and the slide part 293 are not limited to the
stepping motor. For example, the slide part 292 and the slide
part 293 can be structured as a mechanism for transferring the
ultrasound transducer 21 due to the injection and evacuation
of a fluid into and from the fluid adjusting unit 49.

Modified Example 6

[0231] The entire structure of the ultrasound diagnosis
apparatus 1 (ultrasound medical apparatus) is not limited to
the abovementioned example.

[0232] For example, as illustrated in FI1G. 23, the structure
of arranging only the ultrasound transducer 21, the capsule
transceiver 22, and the fixation mechanism 25 in the capsule
body unit 20 is also available. In this case, the controller 44 of
the external device 40 controls the respective components in
the capsule body unit 20 via the transceiver 41 to drive the
ultrasound transducer 21, and the like. In addition, the power
source unit 47 transmits electric power to drive the respective
components in the capsule body unit 20 via the signal line
SL2. Due to the employment of such the structure, the struc-
tures of the capsule controller 23 and the capsule power
source unit 24 become unnecessary. Accordingly, downsizing
of the capsule body unit 20 can be conducted.

[0233] Furthermore, it is possible to provide a battery, or
the like, in the capsule body unit 20 as a power source of the
capsule body unit 20. In this case, as it is not necessary to
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supply power from the external device 40 to the capsule body
unit 20, the signal line SL.2 becomes unnecessary. Therefore,
the diameter of the cable unit 30 can be made thin.

[0234] Alternatively, as illustrated in FIG. 24, it is also
possible to wirelessly communicate transmission and recep-
tion of signals and electricity supply between the external
device 40 and the capsule body unit 20. The transmission and
reception of various signals can use the methods of publicly-
known wireless communication and wireless power supply.
In this case, the signal line SL1 and the signal line SL.2
become unnecessary. Further, the ultrasound diagnosis appa-
ratus 1 illustrated in F1G. 24 includes a capsule fluid adjusting
unit 29 in the capsule body unit 20. The capsule fluid adjust-
ing unit 29 injects and evacuates a fluid into and from the
fixation mechanism 25 based on control of the capsule con-
troller 23. For example, the fluid is supplied from the sur-
rounding of the capsule body unit 20. Furthermore, the fluid
evacuated from the fixation mechanism 25 can be released to
the surrounding of the capsule body unit 20. In this case, as
the fluid passage 60 also becomes unnecessary, the cable unit
30 itself becomes unnecessary. Accordingly, for example,
even in the case of indwelling the capsule body unit 20 of the
subject P in a conscious state, the cable unit 30 does not
extend from the oral cavity. Therefore, it becomes possible to
reduce the discomfort of the subject P during the use of the
ultrasound diagnosis apparatus 1.

Modified Example 7

[0235] The method of inserting the capsule body unit 20
and the sheath 10 into the inner cavity of the subject P also
includes the following example. FIG. 25 is a flowchart illus-
trating the operation of the ultrasound diagnosis apparatus 1
according to the present modified example. FIG. 25 explains
the present modified example based on the structure of the
first embodiment.

[0236] At first, the capsule body unit 20 is stored in advance
in the sheath 10 (in the large diameter part 105) folded in a flat
shape (S40).

[0237] Subsequently. the operator inserts the sheath 10 hav-

ing the capsule body unit 20 stored in the inner cavity of the
subject P (S41).

[0238] Thecontroller 44 causes the liquid adjusting unit 48
to inject a liquid into the sheath 10 (S42).

[0239] The operator transfers the capsule body unit 20 to a
desired position by pushing the cable unit 30 (S43).

[0240] The controller 44 causes the fluid adjusting unit 49
to inject a fluid in the expansion unit 25a (S44).

[0241] The expansion unit 25¢ injected with the fluid
expands to come into contact with the inner wall of the large
diameter part 105 of the sheath 10, thereby fixedly arranging
the capsule body unit 20 at the desired position in the large
diameter part 105 of the sheath 10 (S45).

[0242] Subsequently. the observation with ultrasound
waves is carried out by the capsule body unit 20 (S46).

[0243] Once the observation ends, the operator removes the
sheath 10 and the capsule body unit 20 from the subject P
(547).

[0244] Thus, by storing the capsule body unit 20 in the
sheath 10 in advance, even an operator unfamiliar with the
procedures can easily carry out the procedures.
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Common Effects in the Embodiments

[0245]  According to the ultrasound medical apparatus of at
least one of the abovementioned embodiments, due to the
fixation mechanism provided in at least one of the capsule
body unit and the sheath, it is possible to fixedly arrange the
capsule body unit at a desired position in the sheath. Accord-
ingly, it is possible to indwell the capsule body unit at the
desired position in the sheath for the observation object.
[0246] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

1. An ultrasound medical apparatus, comprising:

a sheath, inserted into the inner cavity of a subject, having
an outer peripheral surface that contacts the inner wall
surface of the inner cavity of the subject with a liquid
filled inside thereof;

acapsule body unit inserted into the sheath, and configured
to store an ultrasound transducer that transmits and
receives ultrasound waves to and from the subject; and

afixation mechanism provided in atleast one of the capsule
body unit and the sheath, and configured to fixedly
arrange the capsule body unit at a desired position in the
sheath.

2. The ultrasound medical apparatus according to claim 1,
wherein the fixation mechanism is provided on the outside in
the transmission and reception directions of ultrasound waves
by the ultrasound transducer.

3. The ultrasound medical apparatus according to claim 1,
wherein the fixation mechanism comprises an expansion unit
provided on the capsule body unit, which expands by being
supplied with a fluid from outside, wherein

the fixation mechanism is a mechanism configured to fix-
edly arrange the capsule body unit at the desired position
in the sheath by making the expanded expansion unit
come into contact with the inner wall of the sheath.

4. The ultrasound medical apparatus according to claim 3,
wherein a plurality of the expansion units are arranged at the
front end and/or rear end of the capsule body unit, while the
respective front end parts of the plurality of the expansion
units come into contact with the inner wall of the sheath.

5. The ultrasound medical apparatus according to claim 1,
wherein the fixation mechanism comprises:

a fastening unit arranged on the external peripheral of the
capsule body unit, and configured to be able to transfer
in the radial direction of the capsule body unit; and

an expansion unit arranged between the fastening unit and
the capsule body unit, which expands by being supplied
with a fluid from outside; wherein

the fixation mechanism is a mechanism configured to fix-
edly arrange the capsule body unit at the desired position
in the sheath when the expanded expansion unit transfers
the fastening unit, and the fastening unit comes into
contact with the inner wall of the sheath.

6. The ultrasound medical apparatus according to claim 1,

wherein the fixation mechanism comprises an expansion unit
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arranged in the sheath, which expands by being supplied with
a liquid from outside, wherein

the fixation mechanism is a mechanism configured to fix-
edly arrange the capsule body unit at the desired position
in the sheath when the expansion unit expands and the
inner wall of the expansion unit comes into contact with
the outer wall of the capsule body unit.

7. The ultrasound medical apparatus according to claim 3,
comprising a cable unit having flexibility, wherein one end is
coupled to the capsule body unit, wherein

a signal line configured to transmit and receive signals
between the capsule body unit and an external device
and a fluid passage configured to supply a fluid to the
expansion unit from the external device are arranged in
the cable unit.

8. The ultrasound medical apparatus according to claim 7,
wherein at least a part of the cable unit comprises a structure
in which the flexibility thereofis lowered by being contorted.

9. The ultrasound medical apparatus according to claim 1,
wherein the sheath has a flat shape in a state that no liquid
filled inside thereof.

10. The ultrasound medical apparatus, according to claim
1, wherein the sheath, comprises:

micropores formed on at least a part of the outer peripheral
surface; and

an absorbing member provided at the position covering the
micropores that expands by absorbing the liquid flowing
out of the micropores to come into contact with the inner
wall surface of the subject.

11. The ultrasound medical apparatus according to claim 2,
wherein the fixation mechanism comprises an expansion unit
provided on the capsule body unit, which expands by being
supplied with a fluid from outside, wherein

the fixation mechanism is a mechanism configured to fix-
edly arrange the capsule body unit at the desired position
in the sheath by making the expanded expansion unit
come into contact with the inner wall of the sheath.

12. The ultrasound medical apparatus according to claim
11, wherein a plurality of the expansion units are arranged at
the front end and/or rear end of the capsule body unit, while
the respective front end parts of the plurality of the expansion
units come into contact with the inner wall of the sheath.

13. The ultrasound medical apparatus according to claim 2,
wherein the fixation mechanism comprises:

a fastening unit arranged on the external peripheral of the
capsule body unit, and configured to be able to transfer
in the radial direction of the capsule body unit; and

an expansion unit arranged between the fastening unit and
the capsule body unit, which expands by being supplied
with a fluid from outside; wherein

the fixation mechanism is a mechanism configured to fix-
edly arrange the capsule body unit at the desired position
in the sheath when the expanded expansion unit transfers
the fastening unit, and the fastening unit comes into
contact with the inner wall of the sheath.

14. An ultrasound diagnosis apparatus, comprising:

a sheath inserted into the inner cavity of a subject having
the outer peripheral surface contacts the inner wall sur-
face of the inner cavity of the subject with a liquid filled
inside thereof;

acapsule body unit inserted into the sheath, and configured
to store an ultrasound transducer that transmits and
receives ultrasound waves to and from the subject;
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afixation mechanism provided in atleast one of the capsule
body unit and the sheath, and configured to fixedly
arrange the capsule body unit at a desired position in the
sheath;

an image generator configured to process signals based on
the reflected waves received by the ultrasound trans-
ducer to generate image data; and

a controller configured to cause a display to display the
images based on the image data generated by the image
generator.
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