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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention:

[0001] The presentinvention relates to a leak detector
for detecting aleak or an extravasation of a liquid injected
into a blood vessel near the surface of a human body by
a syringe, and more particularly, to a leak detector for
detecting a leak of a liquid injected by a liquid injector.

2. Description of the Related Art:

[0002] Medical facilities currently used for imaging to-
mographic images of a patient include a CT (Computer
Tomography) scanner, an MRI (Magnetic Resonance
Imaging) apparatus, a PET (Positron Emission Tomog-
raphy) apparatus, an ultrasonic diagnostic apparatus,
and so on, and medical facilities currently used for imag-
ing an angiogram of a patientinclude an angio apparatus,
an MRA (MR Angio) apparatus, and so on.

[0003] When a medical apparatus as listed above is
used, a liquid such as a contrast medium, a balanced
saline solution, and the like may be injected into a patient.
A liquid injector has also been brought into practical use
for automatically injecting a liquid.

[0004] Forexample, the liquid injector employs a liquid
syringe that is removably mounted, the liquid syringe
comprises a cylinder member and a piston member sli-
dably inserted in the cylinder member. The liquid injector
has a syringe driving mechanism which presses the pis-
ton member into the cylinder member. The cylinder mem-
ber, which is filled with a liquid, is coupled to a blood
vessel near the surface of a human body through an ex-
tension tube and a needle, so that the liquid in the liquid
syringe is force-fed into the blood vessel of the human
body by the liquid injector.

[0005] However, such aliquid injector automatically in-
jects aliquid at a high pressure, so that even if the needle
accidentally becomes detached from the blood vessel,
for example, causing the liquid to leak under the skin, it
is difficult for the operator to immediately recognize the
leak.

[0006] To solve the problem as mentioned above, a
variety of leak detectors have been proposed for detect-
ing a leak or an extravasation of a liquid injected through
a needle into a blood vessel of a human body, as de-
scribed, for example, in U.S. Patents Nos. 6,408,204,
5,964,703, 5,947,910, 6,375,624, 5,954,668, 5,334,141,
4,647,281, and 4,877,034. U.S. Patents Nos. 6,408,204,
5,964,703, 5,947,910 disclose leak detectors for detect-
ing a leaking liquid from a change in impedance on the
surface of a human body; U.S. Patents Nos. 6,375,624,
5,954,668, 5,334,141, 4,647,281 disclose leak detectors
for detecting a leaking liquid from a change in tempera-
ture of a human organ; and U.S. Patent No. 4,877,034
discloses a leak detector for detecting a leaking liquid
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from a change in optical characteristics of a blood.
[0007] However, all of these leak detectors have dis-
advantages of the need for a special sensor, a compli-
cated structure, and a significant degradation in detection
accuracy caused by disturbance.

SUMMARY OF THE INVENTION

[0008] The present invention has been made in view
of the problem as mentioned above, and it is an object
of the invention to provide a leak detector which is simple
in structure and minimizes a degradation in detection ac-
curacy due to disturbance.

[0009] A first leak detector according to the present
invention is provided for detecting a leak of a liquid in-
jected through a needle into a blood vessel near the sur-
face of a human body, and includes pulse generating
means, pulse detecting means, interval measuring
means, difference calculating means, difference compar-
ing means, and leak warning means. The pulse gener-
ating means sequentially emits pulse signals through
wave propagation at a predetermined wavelength into
the human body at a position at which the needle is in-
serted. The pulse detecting means detects pulse signals
reflected inside of the human body. The interval meas-
uring means measures a time interval between the emis-
sion and the detection for each of the pulses, and the
difference calculating means calculates the difference
between the measured time interval and a predetermined
reference time interval. The difference comparing means
compares the calculated difference with a predetermined
acceptable range, and the leak warning means gener-
ates a leak warning for notification when the difference
exceeds the acceptable range.

[0010] With the foregoing configuration in the first leak
detector of the present invention, as the human body
swells out on the surface due to a liquid leaking from a
needle which has come off a blood vessel, the swelling
causes a change in distance and time interval between
the emission and the detection of the pulse signals re-
flected inside of the human body, so that the leak detector
detects a leak of the liquid making use of the change in
interval. With this approach, the accuracy of the detection
is hardly degraded due to disturbance, and only a simple
structure is required for the detection.

[0011] Asecond leak detectoraccording to the present
invention includes wavelength measuring means instead
of the interval measuring means, wherein the wavelength
measuring means measures the wavelength of a detect-
ed pulse signal, and the difference calculating means
calculates the difference between the measured wave-
length and a predetermined reference wavelength.
Therefore, in the second leak detector of the present in-
vention, as the human body swells out on the surface
due to a liquid leaking from a needle which has come off
a blood vessel, the swelling causes a change in wave-
length of the wave propagation reflected inside the hu-
man body, so that the leak detector detects a leak of the
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liquid making use of the change in wavelength. With this
approach, the accuracy of the detection is hardly degrad-
ed due to disturbance, and only a simple structure is re-
quired for the detection.

[0012] It should be noted that a variety of means re-
ferred to in the present invention are only required to be
formed to implement functions associated therewith, and
can be implemented, for example, by dedicated hard-
ware for performing predetermined functions, a data
processor provided with predetermined functions
through a computer program, predetermined functions
implemented by a data processor through a computer
program, a combination of these, and the like.

[0013] Also, a variety of means referred to in the
present invention need not be individually independent
components, but may include a plurality of means formed
into a single member, certain means included in another
means as part thereof, part of certain means overlapping
with part of another means, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Fig. 1 is a schematic diagram illustrating the logical
structure of a liquid injector according to one embod-
iment of the present invention;

Fig. 2 is a block diagram illustrating the physical
structure of the liquid injector;

Fig. 3 is a perspective view illustrating the outer ap-
pearance of the liquid injector;

Figs. 4a and 4b are perspective views illustrating
how a liquid syringe is mounted on an injection head;
Fig. 5 is a perspective view illustrating the outer ap-
pearance of an MRI apparatus;

Fig. 6 is a front longitudinal sectional view illustrating
a leak detection unit;

Fig. 7 is a perspective view illustrating how the leak
detection unit is mounted on an arm of a human;
Fig. 8 is a flow chart illustrating the processing op-
eration of the leak detection unit;

Fig. 9 is a flow chart illustrating a main routine of the
processing operation of an injector body;

Fig. 10 is a flow chart illustrating a subroutine of an
injection process;

Figs. 11a and 11b are schematic diagrams illustrat-
ing how an arm swells out with the leak detection
unit mounted on the surface thereof;

Figs. 12a and 12b are perspective views each illus-
trating an exemplary modification to the leak detec-
tion unit;

Fig. 13 is a perspective view illustrating how the leak
detection unit is mounted onto an arm using a mod-
ified adhesive pad;

Fig. 14 is a perspective view illustrating how the leak
detection unit is mounted onto an arm using another
modified adhesive pad;

Fig. 15 is a perspective view illustrating another ex-
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emplary modification to the leak detection unit;

Fig. 16 is a schematic front view illustrating a display
screen which displays a trend graph representing
time intervals measured for respective pulse signals;
and

Fig. 17 is a schematic front view illustrating a display
screen which displays a trend graph representing
time intervals measured for respective pulse signals.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[Configuration of Embodiment]

[0015] One embodiment of the present invention will
hereinafter be described with reference to the accompa-
nying drawings. It should be first noted that in the follow-
ing embodiment, front, rear, left, right, upward, and down-
ward directions are defined as illustrated for description,
but such definition of the directions is conveniently made
for simplifying the description, and is not at all intended
to limit the apparatus of the present invention to such
directions during manufacturing, in use, and so forth.
[0016] Referring to Fig. 3, liquid injector 100 of this
embodiment comprises injector body 101; operation pan-
el 102 and liquid crystal display 103 provided on the top
surface of injector body 101; and injection head 110 sup-
ported by a movable arm 104 on one side of injector body
101. as shown in Fig. 4, injection head 110 is formed with
recess 112 which has the shape of a semi-cylindrical
groove, such that liquid syringe 200 is removably fitted
in recess 112.

[0017] Liquid syringe 200 comprises cylinder member
201 and piston member 202, where piston member 202
is slidably inserted into cylinder member 201. Cylinder
member 201 is formed with cylinder flange 203 around
the outer periphery of the distal end thereof, while piston
member 202 is formed with piston flange 204 around the
outer periphery of the distal end thereof.

[0018] In liquid injector 100 of this embodiment, liquid
cylinder 200 held in injection head 110 s coupled to blood
vessel 501 inarm 500 of a human body through extension
tube 211 and needle 212, and needle 212 is held by ad-
hesive pad 213 made of a transparent sheet which is
highly transparent to infrared rays, for example, as can
be seen in Fig. 7.

[0019] Injection head 110 has piston driving mecha-
nism 113 disposed behind recess 112 of syringe holder
member 111 for holding and moving back-and-forth pis-
ton flange 204. Specifically, piston driving mechanism
113 contains driving motor 115 and empty sensor 116,
as shown in Fig. 2, and actuates with driving motor 115
which acts as a power source. Empty sensor 116 in turn
detects piston flange 204 at a particular position to sense
that liquid syringe 200 has completely injected a liquid.
[0020] Inthis embodiment, liquid injector 100 is formed
integrally with a leak detector, wherein injector body 101
also serves as a detector body. Thus, leak detection unit



5 EP 1472973 B1 6

401 is formed separately from injector body 101, and
makes radio communications with injector body 101.
[0021] More specifically, leak detection unit 401 has a
flat box-shaped unit housing 402, as shown in Fig. 7, and
contains photodiode 403 which represents a pulse gen-
erating means, and photo-transistor 404 which repre-
sents a pulse detecting means within unit housing 402.
Photodiode 403 and photo-transistor 404 are oriented
downward in unit housing 402, as can be seen in Fig. 6.
[0022] Photodiode 403 emits infrared rays at a prede-
termined wavelength downward as wave propagation,
while photo-transistor 404 receives the infrared rays at
that wavelength from below. Optical filter 406, which
passes therethrough only the infrared rays at the prede-
termined wavelength, is disposed at a position opposite
to and below these photodiode/photo-transistor 403,
404. The infrared rays are set at a wavelength at which
they transmit through particular organs of a human body,
and are reflected by particular organs. For example, the
infrared rays at the set wavelength are highly penetrative
through skin and fat, but is highly reflective to muscles.
[0023] Circuitboard 407 is disposed in an upper region
within leak detection unit 401, and has mounted thereon
photodiode/photo-transistor 403, 404, central process-
ing circuit 408, and radio transmission unit 409, respec-
tively.

[0024] Central processing circuit 408 is in wired con-
nection with photodiode/photo-transistor 403, 404 as well
as with radio transmission unit 409 for forcing photodiode
403 to sequentially emit pulse signals and for detecting
the pulse signals from the output of photo-transistor 404.
[0025] Also, central processing circuit 408, which com-
prises logic circuits in a predetermined structure, has a
variety of hardware components which function as inter-
val measuring circuit 411, interval storing circuit 412, dif-
ference calculating circuit 413, and difference comparing
circuit 414.

[0026] Interval measuring circuit 411, which compris-
es, for example, a counter circuit or the like, measures a
time interval between emission and detection of each of
the pulse signals.

[0027] Interval storing circuit412, which comprises, for
example, a FIFO (First In First Out) memory or the like,
stores a measured time interval until the next time interval
is measured.

[0028] Difference calculating circuit 413, which com-
prises, for example, a subtract circuit or the like, calcu-
lates the difference between the last measured time in-
terval, as a reference time interval, and the currently
measured time interval.

[0029] Difference comparing circuit 414, which com-
prises, for example, a comparator circuit or the like, com-
pares the calculated difference with a predetermined ac-
ceptable range.

[0030] Then, when the difference does not exceed the
acceptable range, central processing circuit 408 instructs
radio transmission unit 409 to transmit a predetermined
standby signal at all times through radiowaves. As the
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difference exceeds the acceptable range, central
processing circuit 408 instructs radio transmission unit
409 to transmit a predetermined warning signal over the
air.

[0031] Referring back to injector body 101, which con-
tains microprocessor 130 as shown in Fig. 2, microproc-
essor 130 is in wired connection with operation panel
102, liquid crystal display 103, driving motor 115, empty
sensor 116, radio reception unit 131, speaker unit 132,
and the like.

[0032] Microprocessor 130, which comprises a so-
called one-chip microcomputer, has appropriate compu-
ter programs installed in the form of firmware or the like.
Microprocessor 130 totally controls the foregoing respec-
tive components in accordance with the computer pro-
grams, thus allowing liquid injector 100 of this embodi-
ment to logically have a variety of functions including leak
warning function 141, reception detecting function 142,
state informing function 143, reception warning function
144, and injection suspending function 146, as shown in
Fig. 1.

[0033] Leak warning function 141 represents a func-
tion of microprocessor 130 for controlling the operation
of speaker unit 132 and liquid crystal display 103 in ac-
cordance with a computer program. Specifically, as a
standby signal received by radio reception unit 131 over
the air is switched to a warning signal, leak warning func-
tion 141 generates a leak warning audibly from speaker
unit 132 and visually from liquid crystal display 103 for
notification to the operator.

[0034] Reception detecting function 142 represents a
function of microprocessor 130 for detecting the operat-
ing state of radio reception unit 131. Specifically, micro-
processor 130 detects the receiving state of radio signals.
State informing function 143 represents a function of mi-
croprocessor 130 for controlling the operation of liquid
crystal display 103. Specifically, microprocessor 130 in-
forms a receiving state detected by reception detecting
function 142 in the form of an image displayed on liquid
crystal display 103.

[0035] Reception warning function 144 also repre-
sents a function of microprocessor 130 for controlling the
operation of speaker unit 132 and liquid crystal display
103. Specifically, as the receiving state detected by re-
ception detecting function 142 falls below a predeter-
mined state, microprocessor 130 generates a reception
warning audibly from speaker unit 132 and visually on
liquid crystal display 103 for notification to the operator.
[0036] Injection suspending function 146 represents a
function of microprocessor 130 for controlling the oper-
ation of driving motor 115 of piston driving mechanism
113. Specifically, microprocessor 130, responsive to at
leastone of aleak warning and a reception warning, stops
driving motor 115 to suspend the injection of a liquid.
[0037] A variety of foregoing functions 141 - 146 of
liquid injector 100 as mentioned above are implemented
using hardware such as speaker unit 132 and the like as
required, but are essentially implemented by microproc-



7 EP 1472973 B1 8

essor 130 which runs in accordance with computer pro-
grams installed therein.

[0038] Such computer programs are described to
cause microprocessor 130 to execute processing oper-
ations, for example, instructing speaker unit 132 and lig-
uid crystal display 103 to generate a leak warning for
notification in response to a warning signal received by
radio reception unit 131 over the air; instructing driving
motor 115 in association with the generation of the leak
warning; detecting the receiving state of radio reception
unit 131; displaying the receiving state on liquid crystal
display 103 for notification; instructing speaker unit 132
and liquid crystal display 103 to generate a reception
warning for notification in response to the receiving state
falling below a predetermined state; stopping driving mo-
tor 115 in association with the generation of the reception
warning, and so on.

[0039] Asillustrated in Fig. 5, liquid injector 100 of this
embodiment is used, for example, near imager unit 301
of MRI apparatus 300, and may be connected to control
unit 302 of MRI apparatus 300 as required. Control unit
302, which comprises a computer system that has de-
tector body 303, liquid crystal display 304, and keyboard
305, controls the operation of imager unit 301, and dis-
plays a tomographic image on liquid crystal display 304.
[0040] For simplifying the illustration in Fig. 5, both lig-
uid injector 100 and control unit 302 are positioned near
imager unit 301, whereas in an actual medical field, liquid
injector 100 alone is typically disposed near imager unit
301, with control unit 302 being installed in a different
room.

[Operation of Embodiment]

[0041] In the configuration as described above, when
liquid injector 100 of this embodiment is used, for exam-
ple, the operator couples needle 212 through extension
tube 211 to liquid syringe 200 filled with a liquid such as
acontrastagent, and inserts needle 212 into blood vessel
501 in arm 500 of a patient positioned in imager unit 301
of MRl apparatus 300, as shown in Fig. 7, using adhesive
pad 213 for holding needle 212 on arm 500.

[0042] Next, leak detection unit 401 is mounted on ad-
hesive pad 213 with a binding belt (not shown), and liquid
syringe 200 is loaded into injection head 10 of liquid in-
jector 100. In such a state, leak detection unit 401 and
injector body 101 are each powered on, followed by a
predetermined manipulation to set injector body 101 into
an operation mode for using leak detection unit 401.
[0043] Inresponse, leak detection unit401 sequential-
ly emits infrared pulse signals from photodiode 403 to-
ward a position of arm 500 at which needle 212 is coupled
(step S1), as shown in Fig. 8. However, as shown in Fig.
11, the infrared pulse signals are highly penetrative
through particular organs of human and are highly reflec-
tive to other particular organs, thus permitting photo-tran-
sistor 404 to detect such reflected pulse signals (step S3).
[0044] In this event, a time interval is measured be-
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tween the emission and the detection of each pulse
(steps S1 - S4), and the measured interval is held (step
S5). Simultaneously, the last measured interval is refer-
enced to calculate the difference between the currently
measured interval and the last measured interval (step
S6), followed by a determination which is made as to
whether or not the difference exceeds an acceptable
range (step S7).

[0045] Then, leak detection unit401 transmits a stand-
by signal indicative of "normal" to injector body 101 over
the air if the difference does not exceed the acceptable
range (step S8), and transmits a warning signal indicative
of "anomalous" if the difference exceeds the acceptable
range (step S9).

[0046] For example, if needle 212 becomes detached
from blood vessel 501 in arm 500, into which it has been
inserted, as shown in Fig. 7, a liquid will not be injected
into blood vessel 501 but into its surroundings to swell
arm 500 out, as can be seen on the surface of the skin
as shown in Fig. 11b. Consequently, the pulse signal
emitted from photodiode 403 is reflected within swelling
arm 500, causing a path to extend until the pulse signal
is detected by photo-transistor 404, as appreciated from
Figs. 11a and 11b.

[0047] In this event, since the measured interval be-
tween the reflection and the detection for the pulse signal
is increased, this increase is calculated as the difference
between the last and currently measured intervals. As
this difference exceeding the predetermined acceptable
range will cause radio transmission unit 409 to transmit
the warning signal over the air, the swelling skin surface
results in radio transmission of the warning signal.
[0048] When injector body 101 is operating using leak
detection unit401, injector body 101 detects the receiving
state of the radiowaves at alltimes (step T1), and displays
the receiving state on liquid crystal display 103 in the
form of bar graph or the like in real time (step T2), as
shown in Fig. 9.

[0049] With the foregoing operation, the operator can
confirm the receiving state of the radiowaves from leak
detection unit 401 in real time while operating injector
body 101, and will adjust the position of injector body 101
and leak detection unit 401 if the receiving state is not
proper.

[0050] Also, as the receiving state detected as men-
tioned above falls below the predetermined state (step
T3), injector body 101 displays a reception warning such
as "RADIOWAVES CANNOT BE RECEIVED. CON-
FIRM COMMUNICATION STATE." on liquid crystal dis-
play 103, and audibly generates the reception warning
from speaker unit 132 (step T4).

[0051] In this event, since injector body 101 does not
accept any input operation for resuming the injection until
the receiving state from leak detection unit 401 amelio-
rates (steps T3 - T5), injector body 101 does not start the
liquid injecting operation unless a proper receiving state
is recovered (step T6).

[0052] Further, when injector body 101 accepts an in-
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put operation for starting the injection of a liquid (steps
T5, T6), injector body 101 still detects the receiving state
of radiowaves at all times for display on liquid crystal
display 103 in real time (steps E1, E2).

[0053] Then,asthe detected receiving state falls below
the predetermined state, injector body 101 generates a
reception warning visually from liquid crystal display 103
and audibly from speaker unit 132 for notification to the
operator (steps E3, E4), and does not perform the liquid
injecting operation unless the receiving state is deter-
mined as proper.

[0054] When the injecting operation is in progress with
a proper receiving state (step E6), injector body 101 is
responsive to a change from the standby signal, received
thereby over the air, to a warning signal (step E7) so as
to display a leak warning such as "NEEDLE IS DETECT-
ED TO COME OFF. CONFIRM NEEDLE" on liquid crys-
tal display 103, and to audibly generate the leak warning
from speaker unit 132 (step E8).

[0055] Inthis event, since the liquid injecting operation
is suspended (step E9), the liquid will not be continuously
injected while needle 212 remains off blood vessel 501.
Further, since the leak warningis continuously generated
for notification until a predetermine reset operation is per-
formed on injector body 101 (steps E10, E11), the oper-
ator will confirm the leak warning without overlooking it.
[0056] Inliquid injector 100 of this embodiment, as the
operator, who has confirmed the leak warning, appropri-
ately inserts needle 212 into blood vessel 501 and then
operates on operation panel 102 to start injecting the
liquid, liquid injector 100 can resume injecting the liquid
in response to the operation (steps T5, T6).

[0057] Also, when the operator operates on operation
panel 102 to suspend the injection (step E12), injector
body 101 likewise suspends the injection of the liquid
(step E9). Further, when empty sensor 116 detects that
the injection of the liquid is completed (step E13), injector
body 101 finishes the injection of the liquid (step E14).

[Effects of Embodiment]

[0058] Liquidinjector 100 of the foregoing embodiment
sequentially emits infrared pulse signals toward a posi-
tion of arm 500 at which needle 212 is inserted, and de-
tects those pulse signals which are reflected within arm
500, as described above. Then, liquid injector 100 cal-
culates the difference between a time interval between
the emission and the detection, measured for each pulse
signal, and a reference time interval, and generates a
leak warning for notification if the difference exceeds a
predetermined acceptable range.

[0059] With the foregoing approach, when needle 212
becomes detached from blood vessel 501 to leak or ex-
travasation a liquid which causes arm 500 of the human
body to swell out on the surface, liquid injector 100 gen-
erates a leak warning, thereby permitting the operator to
immediately recognize that needle 212 has come off
blood vessel 501 of the patient for taking appropriate ac-
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tions thereto.

[0060] Moreover, upon detection of needle 212 which
has come off blood vessel 501, liquid injector 100 of this
embodiment automatically suspends the injection of the
liquid, making it possible to automatically prevent the lig-
uid from being continuously injected with needle 212 re-
maining off blood vessel 501.

[0061] Further, as described above, since liquid injec-
tor 100 of this embodiment relies on a swelling recog-
nized on a skin surface to detect that needle 212 has
come off blood vessel 501, and relies on a change in the
path length of infrared rays reflected from a human organ
to detect the swelling on the skin surface, liquid injector
100 can detect a leaking liquid in a simple structure with-
out substantially suffering from a degraded accuracy due
to disturbance.

[0062] Furthermore, liquid injector 100 of this embod-
iment stores a time interval measured between the emis-
sion and the detection of each pulse at least until the next
measurement, and calculates the difference between the
currently measured interval and the last measured inter-
val which is used as a reference time interval. This way
of calculating the difference eliminates the need for pre-
viously setting an appropriate reference time interval, en-
abling liquid injector to successfully detect a change in
position of a skin surface irrespective of whichever site
of human body to be monitored, personal differences in
skinfold thickness, and the like.

[0063] Further, since photodiode 403 emits infrared
pulse signals atawavelength which transmit through par-
ticular organs in arm 500 of the human body and are
reflected by other particular organs, the pulse signals can
be made to transmit through the surface of the human
body and to be reflected from a particular organ. More-
over, since optical filter 406 passes the infrared rays only
at that wavelength therethrough to photo-transistor 404,
it is possible to prevent photo-transistor 404 from erro-
neously detecting surrounding light noise.

[0064] Further, liquid injector 100 of this embodiment
comprises leak detection unit 401 which contains photo-
diode 403, photo-transistor 404, radio transmission unit
409, and the like separately from injector body 101 which
contains radio reception unit 131, liquid crystal display
103, speaker unit 132, and the like.

[0065] Then, asleak detection unit401 detects a swell-
ing on a skin, injector body 101 generates a leak warning
for notification through radio communication, leak detec-
tion unit401, which is mounted directly on a human body,
can be reduced in size and weight for facilitating its han-
dling. Even with such a smaller and lighter configuration,
leak detection unit 401 can ensure that a leak warning is
recognized by the operator who is manually operating
injector body 101 remotely from leak detection unit 401.
[0066] Moreover, injector body 101 detects at all times
a receiving state of a radio signal from leak detection unit
401 to inform the receiving state in real time. This permits
the operator to recognize at all times a communicating
state between leak detection unit 401 and injector body
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101, and to take an appropriate action to an improper
communicating state, if any, before the injection is start-
ed.

[0067] Further, since injector body 101 generates a
reception warning for notification if a detected receiving
state falls below a predetermined state, liquid injector
100 can prevent a failure in receiving the warning signal
due to a faulty communication, and a resulting failure in
generating the leak warning. In addition, since liquid in-
jector 100 suspends the liquid injection if even one of the
leak warning and reception warning is generated for no-
tification, liquid injector 100 can not only automatically
prevent a liquid from being continuously injected while
needle 212 remains off blood vessel 501 but also prevent
the liquid from being continuously injected while it re-
mains incapable of receiving the warning signal over the
air.

[Exemplary Modifications to Embodiment]

[0068] It should be understood that the present inven-
tion is not limited to the foregoing embodiment but may
be modified in various ways without departing from the
scope of the invention. For example, while the foregoing
embodiment has illustrated liquid injector 100 integrated
with leak detection unit 401, leak detection unit 401 may
be formed separately from liquid injector 100.

[0069] Nevertheless, liquid injector 100 is advanta-
geously integrated with leak detection unit 401 because
the injection of a liquid must be immediately suspended
upon detection of a leak or an extravasation of the liquid,
as described above. Therefore, when leak detection unit
401 is formed separately from liquid injector 100, liquid
injector 100 is preferably configured to suspend the in-
jection in response to a warning generated by leak de-
tection unit 401.

[0070] Further, while the foregoing embodiment has
illustrated that liquid injector 100 generates a leak warn-
ing and a reception warning for notification, such warn-
ings may be transmitted to control unit 302 of MRI appa-
ratus 300 to display the warnings on liquid crystal display
304 for visual notification. As previously described, since
control unit 302 is installed at a location remote from im-
ager unit 301, the warnings are beneficially communicat-
ed to imager unit 301.

[0071] Also, while the foregoing embodiment has illus-
trated that liquid injector 100 suspends the injection in
response to a leak warning, MRI apparatus 300 can also
stop imaging in association with such a suspended op-
eration of liquid injector 100. In this event, liquid injector
100 can transmit the warning signal from leak detection
unit 401 directly to MRI apparatus 300, or alternatively
can transmit the warning signal indirectly from injector
body 101.

[0072] While the foregoing embodiment has been il-
lustrated on the assumption that liquid injector 100 is
used near MRI apparatus 300, liquid injector 100 may be
used near a CT scanner, a PET apparatus, an angio ap-
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paratus, an MRA apparatus, an ultrasonic diagnosis ap-
paratus, and so on.

[0073] Further, while the foregoing embodiment has
illustrated that leak detection unit 401 makes radio com-
munications with injector body 101 through radiowave
signals, liquid injector 100 can employ any communica-
tion scheme, including an ultrasonic signal based wire-
less communication, an optical signal based wireless
communication, an electric signal based wired commu-
nication, an optical signal based wired communication,
and so on.

[0074] Also, while the foregoing embodiment has illus-
trated that leak detection unit 401 emits infrared pulse
signals to a human body, detects those infrared pulse
signals reflected from the human body, and calculates
the difference between a measured time interval between
the emission and the detection for each pulse signal and
a reference time interval which is the last measured in-
terval, the first measured interval may be defined as the
reference interval.

[0075] Further,the foregoing embodiment hasillustrat-
ed that the infrared pulse signals transmit through par-
ticular organs of a human body and are reflected by other
particular organs, so that leak detection unit 401 detects
that needle 212 has come off blood vessel 501, taking
advantage of the fact that a swelling skin surface due to
a leaking liquid causes a change in time interval between
the emission and the detection of the infrared pulse sig-
nal.

[0076] However, when the infrared rays transmit
through particular organs of a human body and are re-
flected by other particular organs, a liquid leaking into
one of the reflective organs causes a change in wave-
length of the reflected infrared rays. Bearing this in mind,
leak detection unit 401 can detect that needle 212 has
come off blood vessel 501 by measuring the wavelength
of detected infrared rays, and comparing the measured
wavelength with a predetermined reference wavelength.
In this event, the last measured wavelength may be used
likewise as a reference wavelength, or the first measured
wavelength may be used as the reference wavelength.
[0077] Also, while the foregoing embodiment has illus-
trated that photodiode 403 is used as a pulse generating
means for generating infrared pulse signals, and photo-
transistor 404 is used as a pulse detecting means for
detecting the infrared pulse signals, photodiode 403 may
be replaced, for example, with an ultrasonic vibrator (not
shown) for transmitting ultrasonic pulse signals for use
as the pulse generating means, and photo-transistor 404
may be replaced with an ultrasonic detector device (not
shown) for detecting ultrasonic pulse signals for use as
the pulse detecting means. Since the resulting leak de-
tector (not shown) can ultrasonically detect a leak or an
extravasation of a liquid, it is not affected by surrounding
light rays in the detection.

[0078] Further, while the foregoing embodiment has
illustrated that leak detection unit 401 is mounted with
one each of photodiode 403 and photo-transistor 404,
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leak detection unit 401 may be replaced with leak detec-
tion unit 421 having a plurality of photodiodes 403 and a
plurality of photo-transistors 404 arranged in matrix as
shown in Fig. 12a, or with leak detection unit 422 having
a plurality of photo-transistor 404 arranged around single
photodiode 403 as shown in Fig. 12b. Since the resulting
leak detector can detect a leaking liquid at a plurality of
sites, it can detect a leaking liquid at an exact site.
[0079] Also, while the foregoing embodiment has
shown adhesive pad 213 made of a simple transparent
sheet for holding needle 212 and for adhering leak de-
tection unit 401 on arm 500, adhesive pad 221 made of
a transparent sheet may be provided with printed marks
222, 223 for representing the positions of needle 212 and
leak detection unit 401.

[0080] Inthis event, needle 212 and leak detection unit
401 can be placed in an appropriate positional relation-
ship by aligning needle 212 and leak detection unit 401
to respective associated printed marks 222, 223 on ad-
hesive pad 221, permitting leak detection unit 401 to
readily detect a leaking liquid without fail.

[0081] Optionally, as shown in Fig. 14, adhesive pad
226 may be formed in a bag shape to serve as a protec-
tion member, such that leak detection unit 401 can be
enclosed in adhesive pad 226. In this event, since leak
detection unit 401 can be prevented from damages and
contaminations by adhesive pad 226 which is a replace-
able consumable item, leak detection unit 401 can be
readily disinfected.

[0082] Also, as shown in Fig. 15, leak detection unit
431 may be formed to be sufficiently small, with CCD
(Charge Coupled Device) camera 432 supported by an
arm 433 above leak detection unit 431 for use as an im-
aging means. In this configuration, since CCD camera
432 captures an image around leak detection unit 431,
the captured image is wirelessly transmitted to liquid in-
jector 100 for display on liquid crystal display 103.
[0083] With the foregoing approach, the operator, who
manipulates liquid injector 100, can also confirm the im-
age around leak detection unit 431 on liquid crystal dis-
play 103 when a leak warning is displayed on liquid crys-
tal display 103. Optionally, such an image may not be
displayed at all times, but displayed only upon detection
of a leaking liquid.

[0084] Further, while the foregoing embodiment has
illustrated that liquid injector 100 drives leak warning
function 141 to notify a leak warning alone through image
display on liquid crystal display 103, liquid injector 100
can optionally display a measured time interval for each
pulse signal in a trend graph representation by a graph
display means (not shown) through image display on lig-
uid crystal display 103.

[0085] Since liquid injector 100 of the foregoing em-
bodiment determines aleaking liquid when the difference
between the last measured interval and the currently
measured interval exceeds an acceptable range, liquid
injector 100 may fail to determine a leaking liquid if the
liquid leaks at an extremely low rate so that there is an
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imperceptible difference between the last and currently
measured intervals, as shown in Fig. 16.

[0086] However, when the measured interval is repre-
sented by a trend graph displayed on liquid crystal display
103 as illustrated, the trend graph enables the operator
to determine even a slow leak of a liquid.

[0087] Also, liquid injector 100 of the foregoing embod-
iment may experience a temporary erroneous detection
even if the difference between the last measured interval
and the currently measured interval exceeds the accept-
able range as shown in Fig. 17. However, the trend graph
may be displayed as illustrated, permitting the operator
to confirm even a temporary erroneous detection of a
leaking liquid.

[0088] When liquid injector 100 detects the difference
between wavelengths of pulse signals instead of the dif-
ference between measured intervals as described
above, liquid injector 100 can likewise display the meas-
ured wavelengths as represented by a trend graph, and
can also display the difference calculated from the meas-
ured intervals or measured wavelengths as represented
by a trend graph (neither shown).

[0089] Further, while the foregoing embodiment has
illustrated that upon detection of a leaking liquid, liquid
injector 100 stops piston driving mechanism 113 to sus-
pend the injection of a liquid, leak detection unit 401 may
comprise an independent tube blocking mechanism (not
shown) for blocking extension tube 211 upon detection
of a leaking liquid.

[0090] Such a tube blocking mechanism may be
formed, for example, in an independent modular struc-
ture mounted on extension tube 221 for making wireless
or wired communications with leak detection unit 401
and/or detector body 101. The tube blocking mechanism
may further has a feature for opening/closing extension
tube 211 with a driving source such as a solenoid which
blocks extension tube 211 upon detection of a leaking
liquid.

[0091] Since such a leak detector independently
blocks extension tube 211 upon detection of a leaking
liquid, liquid injector 100 can automatically suspend the
injection of a liquid even if it is not associated with the
leak detector.

[0092] Also, while the foregoing embodiment has illus-
trated that microprocessor 130 functions in accordance
with a computer program installed therein to logically im-
plement a variety of functions 141 - 146 of injector body
101, at least some of various functions 141 - 144 may be
formed in hardware such as dedicated logic circuits.
[0093] Conversely, while the foregoing embodiment
has illustrated that a variety of circuits 411 - 414 in leak
detectionunit401 are formed in given hardware, the func-
tions of circuits 411 - 414 may be logically implemented,
for example, by a microprocessor which runs in accord-
ance with a computer program installed therein.

[0094] Further, while the foregoing embodiment has
illustrated that one liquid syringe 200 is fitted in one re-
cess 112 of liquid injector 100, a plurality of liquid syringes
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200 may be fitted in a plurality of recesses of an injection
head (not shown).

[0095] Also, the foregoing embodiment has illustrated
that liquid syringe 200 is directly fitted in liquid injector
100. However, since liquid syringes 200 in a variety of
sizes are commercially available at present, liquid sy-
ringe 200 of the largest size, for example, may only be
fitted directly in liquid injector 100, while liquid syringes
200 of various size except for the largest one may be
fitted in liquid injector 100 through respective dedicated
cylinder adaptors (not shown).

Claims

1. Aleakdetectorfordetecting aleak of aliquid injected
through a needle (212) into a blood vessel (501) near
the surface of a human body (500), comprising:

pulse generating means (403) for sequentially
emitting pulse signals toward the human body
(500), at a position at which said needle (212)
is inserted, through wave propagation at a pre-
determined wavelength;

pulse detecting means (404) for detecting said
pulse signals reflected inside of said human
body (500);

interval measuring means (411) for measuring
a time interval between the emission and the
detection for each of said pulse signals;
difference calculating means (413) for calculat-
ing the difference between the measured time
interval and a predetermined reference time in-
terval;

difference comparing means (414) for compar-
ing the calculated difference with a predeter-
mined acceptable range; and

leak warning means (141) for generating a leak
warning for notification when the difference ex-
ceeds the acceptable range.

2. The leak detector according to claim 1, further com-
prising:

interval storing means for storing the measured
interval at least until the next interval is meas-
ured,

wherein said difference calculating means em-
ploys the last measured interval as the reference
interval for calculating the difference between
the currently measured interval and the refer-
ence interval.

3. The leak detector according to claim 1, further com-
prising:

interval storing means for storing the first meas-
ured interval, wherein
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said difference calculating means calculates the
difference between the current measured inter-
val and the first measured interval, said first
measured interval being used as the reference
interval; and

said difference comparing means compares the
difference with a predetermined acceptable
range.

4. The leak detector according to any one of claims 1
to 3, further comprising graph display means for dis-
playing the interval measured for each of said pulse
signals in a trend graph representation.

5. Aleakdetectorfor detecting a leak of a liquid injected
through aneedle (212) into a blood vessel (501) near
the surface of a human body (500), comprising:

pulse generating means for sequentially emit-
ting pulse signals toward said human body, at a
position at which said needle (212) is inserted,
through wave propagation at a predetermined
wavelength;

pulse detecting means for detecting said pulse
signals reflected inside of said human body;
wavelength measuring means for measuring a
wavelength for each of said detected pulse sig-
nals;

difference calculating means for calculating the
difference between the measured wavelength
and a predetermined reference wavelength;
difference comparing means for comparing the
calculated difference with a predetermined ac-
ceptable range; and

leak warning means for generating a leak warn-
ing for notification when the difference exceeds
the acceptable range.

6. The leak detector according to claim 5, further com-
prising:

wavelength storing means for storing the meas-
ured wavelength at least until the next wave-
length is measured,

wherein said difference calculating means cal-
culates the difference between the currently
measured wavelength and the last measured
wavelength, said last measured wavelength be-
ing used as the reference wavelength.

7. The leak detector according to claim 5, further com-
prising:

wavelength storing means for storing the first
wavelength, wherein

said difference calculating means calculates the
difference between the first wavelength and the
currently measured wavelength, said first wave-
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length being used as the reference wavelength;
and

said difference comparing means compares the
difference with a predetermined acceptable
range.

The leak detector according to any one of claims 5
to 7, further comprising graph display means for dis-
playing the wavelength measured for each of said
pulse signals in a trend graph representation.

The leak detector according to any one of claims 1
to 3 and 5 to 7, further comprising graph display
means for displaying the difference calculated for
each of said pulse signals in a trend graph represen-
tation.

The leak detector according to any one of claims 1
to 3 and 5 to 7, wherein:

said pulse generating means emits said pulse
signals comprised of ultrasonic waves, and
said pulse detecting means detects said ultra-
sonic pulse signals.

The leak detector according to any one of claims 1
to 3 and 5 to 7, wherein:

said pulse generating means emits said pulse
signals of infrared rays, and

said pulse detecting means detects said infrared
pulse signals.

The leak detector according to claim 11, wherein said
pulse generating means emits said pulse signals of
infrared rays at a frequency which transmit through
a particular organ of the human body and is reflected
by a particular organ of the human body.

The leak detector according to claim 12, wherein said
pulse detecting means detects only the infrared rays
at said wavelength.

The leak detector according to claim 11, further com-
prising an optical filter for passing the infrared rays
exclusively at said wavelength therethrough to said
pulse detecting means.

The leak detector according to any one of claims 1
to 3 and 5 to 7, further comprising:

aleak detection unit including at least said pulse
generating means and said pulse detecting
means;

a detector body formed separately from said
leak detection unit and including at least said
leak warning means,

wherein said leak detection unit further includes
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radio transmitting means for transmitting a radio
signal, and

said detector body further includes radio receiv-
ing means for receiving the radio signal.

The leak detector according to claim 15, wherein said
detector body further includes:

reception detecting means for detecting a re-
ceiving state of the radio signal; and

state notifying means for notifying the detected
receiving state.

The leak detector according to claim 16, wherein said
detector body further includes a reception warning
means for generating a reception warning for notifi-
cation when the detected receiving state falls below
a predetermined state.

The leak detector according to any one of claims 1
to 3 and 5 to 7, further comprising:

imaging means for capturing an image of the
human body at a position at which said needle
is inserted; and

image display means for displaying the captured
image.

The leak detector according to claim 15, wherein:

said leak detection unit further includes imaging
means for capturing an image of the human
body at a position at which said needle is insert-
ed, and

said detector body further includes image dis-
play means for displaying the captured image.

20. The leak detector according to any one of claims 1

to 3 and 5 to 7, further comprising:

a leak detection unit having at least said pulse
generating means and said pulse detecting
means; and

a transparent adhesive pad for removably ad-
hering said leak detection unit on the surface of
the human body, said adhesive pad being
marked with a position of said needle.

21. The leak detector according to claim 20, wherein:

said adhesive pad is replaceably formed sepa-
rately from said leak detection unit; and

said adhesive pad is additionally marked with a
position of said leak detection unit.

22. Theleak detector according to claim 20, further com-

prising a replaceable protection member formed in-
tegrally with said adhesive pad for enclosing said
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leak detection unit, said protection member being
transparent to the wave propagation.

The leak detector according to any one of claims 1
to 3 and 5 to 7, further comprising:

a leak detection unit having at least said pulse
generating means and said pulse detecting
means; and

a replaceable protection member for enclosing
said leak detection unit, said protection member
being transparent to the wave propagation.

The leak detector according to any one of claims 1
to3and5to 7,

wherein said leak detector comprises a plurality of
atleast one of said pulse generating means and said
pulse detecting means.

The leak detector according to any one of claims 1
to 3 and 5 to 7, further comprising:

an extension tube for leading the liquid to said
needle; and

tube blocking means for blocking said extension
tube when the difference exceeds the accepta-
ble range.

tion.

A liquid injector 100 for pressing a piston member
202 into a cylinder member 201 filled with a liquid of
a liquid syringe 200 coupled to a human body 500
through a needle 212 and an extension tube 211,
said liquid injector 100 comprising:

the leak detector according to any one of claims
1to3and 5to 7; and

injection suspending means 146 for suspending
injection of the liquid when said leak detector
generates the leak warning for notification.

A liquid injector 100 for pressing a piston member
202 into a cylinder member 201 filled with a liquid of
a liquid syringe 200 coupled to a human body 500
through a needle 212 and an extension tube 211,
said liquid injector 100 comprising:

the leak detector according to claim 17; and
injection suspending means 146 for suspending
injection of the liquid when said leak detector
generates at least one of the leak warning and
the reception warning for notification.

Patentanspriiche

1.

Leckdetektor zum Detektieren eines Lecks einer
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durch eine Nadel (212) in ein Blutgefald (501) in der
Nahe der Oberflache eines menschlichen Kérpers
(500) injizierten Flissigkeit, umfassend:

eine Impulserzeugungseinrichtung (403) an ei-
ner Position, an der die Nadel (212) eingesetzt
ist, um durch Wellenausbreitung bei einer vor-
bestimmten Wellenlange Impulssignale in Rich-
tung auf den menschlichen Koérper (500) se-
quenziell zu emittieren;

eine Impulsdetektionseinrichtung (404), um die
im Innern des menschlichen Kérpers (500) re-
flektierten Impulssignale zu detektieren;

eine Intervallmesseinrichtung (411), um ein
Zeitintervall zwischen der Emission und der De-
tektion fir jedes der Impulssignale zu messen;
eine Differenzberechnungseinrichtung (413),
um die Differenz zwischen dem gemessenen
Zeitintervall und einem vorbestimmten Bezugs-
zeitintervall zu berechnen;

eine Differenzvergleichseinrichtung (414), um
die berechnete Differenz mit einem vorbestimm-
ten zuldssigen Bereich zu vergleichen; und
eine Leckwarneinrichtung (141), um eine Leck-
warnung fir eine Meldung zu erzeugen, wenn
die Differenz den zuldssigen Bereich Uber-
schreitet.

Leckdetektor nach Anspruch 1, weiter umfassend:

eine Intervallspeichereinrichtung, um das ge-
messene Intervall mindestens so lange zu spei-
chern, bis das nachste Intervall gemessen ist,
wobei die Differenzberechnungseinrichtung das
letzte gemessene Intervall als das Bezugsinter-
vall verwendet, um die Differenz zwischen dem
im Augenblick gemessenen Intervall und dem
Bezugsintervall zu berechnen.

Leckdetektor nach Anspruch 1, weiter umfassend:

eine Intervallspeichereinrichtung, um das erste
gemessene Intervall zu speichern, wobei

die Differenzberechnungseinrichtung die Diffe-
renz zwischen dem im Augenblick gemessenen
Intervall und dem ersten gemessenen Intervall
berechnet, wobei das erste gemessene Intervall
als das Bezugsintervall verwendet wird; und
die Differenzvergleichseinrichtung die Differenz
mit einem vorbestimmten zuldssigen Bereich
vergleicht.

Leckdetektor nach einem der Anspriiche 1 bis 3, wei-
ter umfassend eine Diagrammwiedergabeeinrich-
tung zur Wiedergabe des fiir jedes der Impulssignale
gemessenen Intervalls in einer Trenddiagrammdar-
stellung.
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Leckdetektor zum Detektieren eines Lecks einer
durch eine Nadel (212) in ein Blutgefal (501) in der
Nahe der Oberflache eines menschlichen Koérpers
(500) injizierten Flissigkeit, umfassend:

eine Impulserzeugungseinrichtung an einer Po-
sition, an der die Nadel (212) eingesetzt ist, um
durch Wellenausbreitung bei einer vorbestimm-
ten Wellenlange Impulssignale in Richtung auf
den menschlichen Kérper sequenziell zu emit-
tieren;

eine Impulsdetektionseinrichtung, um die im In-
nern des menschlichen Korpers reflektierten Im-
pulssignale zu detektieren;

eine Wellenldngenmesseinrichtung, um eine
Wellenlange fir jedes der detektierten Impuls-
signale zu messen;

eine Differenzberechnungseinrichtung, um die
Differenz zwischen der gemessenen Wellenlan-
ge und einer vorbestimmten Bezugswellenlan-
ge zu berechnen;

eine Differenzvergleichseinrichtung, um die be-
rechnete Differenz mit einem vorbestimmten zu-
lassigen Bereich zu vergleichen; und

eine Leckwarneinrichtung, um eine Leckwar-
nung fir eine Meldung zu erzeugen, wenn die
Differenz den zulassigen Bereich Uberschreitet.

Leckdetektor nach Anspruch 5, weiter umfassend:

eine Wellenlangenspeichereinrichtung, um die
gemessene Wellenlange mindestens so lange
zu speichern, bis die nachste Wellenlange ge-
messen ist,

wobei die Differenzberechnungseinrichtung die
Differenz zwischen der im Augenblick gemes-
senen Wellenlange und der letzten gemesse-
nen Wellenlange berechnet, wobei die letzte ge-
messene Wellenlange als die Bezugswellenlan-
ge verwendet wird.

Leckdetektor nach Anspruch 5, weiter umfassend:

eine Wellenlangenspeichereinrichtung, um die
erste Wellenlange zu speichern, wobei

die Differenzberechnungseinrichtung die Diffe-
renz zwischen der ersten Wellenldnge und der
im Augenblick gemessenen Wellenldnge be-
rechnet, wobei die erste Wellenlange als die Be-
zugswellenlange verwendet wird; und

die Differenzvergleichseinrichtung die Differenz
mit einem vorbestimmten zuldssigen Bereich
vergleicht.

Leckdetektor nach einem der Anspriiche 5 bis 7, wei-
ter umfassend eine Diagrammwiedergabeeinrich-
tung zur Wiedergabe der fiir jedes der Impulssignale
gemessenen Wellenldnge in einer Trenddia-
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Leckdetektor nach einem der Anspriiche 1 bis 3 und
5 bis 7, weiter umfassend eine Diagrammwiederga-
beeinrichtung zur Wiedergabe der fiir jedes der Im-
pulssignale berechneten Differenz in einer Trend-
diagrammdarstellung.

Leckdetektor nach einem der Anspriiche 1 bis 3 und
5 bis 7, bei dem:

die Impulserzeugungseinrichtung die aus Ultra-
schallwellen zusammengesetzten Impulssigna-
le emittiert, und

die Impulsdetektionseinrichtung die Ultraschal-
limpulssignale detektiert.

Leckdetektor nach einem der Anspriiche 1 bis 3 und
5 bis 7, bei dem:

die Impulserzeugungseinrichtung die Impulssi-
gnale aus Infrarotstrahlen emittiert, und

die Impulsdetektionseinrichtung die Infrarotim-
pulssignale detektiert.

Leckdetektor nach Anspruch 11, bei dem die Im-
pulserzeugungseinrichtung die Impulssignale aus
Infrarotstrahlen bei einer Frequenz emittiert, die
durch ein spezielles Organ des menschlichen Kor-
pers durchgelassen und durch ein spezielles Organ
des menschlichen Korpers reflektiert wird.

Leckdetektor nach Anspruch 12, bei dem die Impuls-
detektionseinrichtung nur die Infrarotstrahlen bei der
Wellenlange detektiert.

Leckdetektor nach Anspruch 11, weiter umfassend
ein optisches Filter, um die Infrarotstrahlen aus-
schlief3lich bei der Wellenldnge zu der Impulsdetek-
tionseinrichtung durchzulassen.

Leckdetektor nach einem der Anspriiche 1 bis 3 und
5 bis 7, weiter umfassend:

eine Leckdetektionseinheit, die mindestens die
Impulserzeugungseinrichtung und die Impuls-
detektionseinrichtung umfasst;

einen Detektorkorper, der gesondert von der
Leckdetektionseinheit gebildet ist und minde-
stens die Leckwarneinrichtung umfasst,

wobei die Leckdetektionseinheit weiter eine
Funksendeeinrichtung zum Senden eines
Funksignals umfasst und

der Detektorkdrper weiter eine Funkempfangs-
einrichtung zum Empfangen des Funksignals
umfasst.

Leckdetektor nach Anspruch 15, bei dem der Detek-



17.

18.

19.

20.

21.

22,

23
torkdrper weiter umfasst:

eine Empfangsdetektionseinrichtung zum De-
tektieren eines Empfangszustands des Funksi-
gnals; und

eine Zustands-Melde-Einrichtung fiir eine Mel-
dung des detektierten Empfangszustands.

Leckdetektor nach Anspruch 16, bei dem der Detek-
torkorper weiter eine Empfangswameinrichtung um-
fasst, um eine Empfangswarnung firr eine Meldung
zu erzeugen, wenn der detektierte Empfangszu-
stand unter einen vorbestimmten Zustand fallt.

Leckdetektor nach einem der Anspriiche 1 bis 3 und
5 bis 7, weiter umfassend:

eine Abbildungseinrichtung, um ein Bild des
menschlichen Korpers an einer Position festzu-
halten, an der die Nadel eingesetzt ist; und
eine Bildwiedergabeeinrichtung zur Wiederga-
be des festgehaltenen Bilds.

Leckdetektor nach Anspruch 15, bei dem:

die Leckdetektionseinheit weiter eine Abbil-
dungseinrichtung umfasst, um ein Bild des
menschlichen Korpers an einer Position festzu-
halten, an der die Nadel eingesetzt ist, und
der Detektorkdrper weiter eine Bildwiedergabe-
einrichtung zur Wiedergabe des festgehaltenen
Bilds umfasst.

Leckdetektor nach einem der Anspriiche 1 bis 3 und
5 bis 7, weiter umfassend:

eine Leckdetektionseinheit mit mindestens der
Impulserzeugungseinrichtung und der Impuls-
detektionseinrichtung; und

ein transparentes Heftpflaster zum entfernba-
ren Ankleben der Leckdetektionseinheit auf der
Oberflache des menschlichen Kérpers, wobei
das Heftpflaster mit einer Position der Nadel
markiert ist.

Leckdetektor nach Anspruch 20, bei dem:

das Heftpflaster gesondert von der Leckdetek-
tionseinheit austauschbar gebildet ist; und

das Heftpflaster zusatzlich mit einer Position der
Leckdetektionseinheit markiert ist.

Leckdetektor nach Anspruch 20, weiter umfassend
ein als Einheit mit dem Heftpflaster gebildetes aus-
tauschbares Schutzelement, um die Leckdetekti-
onseinheit zu umschlielen, wobei das Schutzele-
ment fir die Wellenausbreitung transparent ist.
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Leckdetektor nach einem der Anspriiche 1 bis 3 und
5 bis 7, weiter umfassend:

eine Leckdetektionseinheit mit mindestens der
Impulserzeugungseinrichtung und der Impuls-
detektionseinrichtung; und

ein austauschbares Schutzelement, um die
Leckdetektionseinheit zu umschlieen, wobei
das Schutzelement fiir die Wellenausbreitung
transparent ist.

Leckdetektor nach einem der Anspriiche 1 bis 3 und
5bis 7,

wobei der Leckdetektor eine Mehrzahl von minde-
stens einem von der Impulserzeugungseinrichtung
und der Impulsdetektionseinrichtung umfasst.

Leckdetektor nach einem der Anspriiche 1 bis 3 und
5 bis 7, weiter umfassend:

einen Verlangerungsschlauch, um die Flissig-
keit zu der Nadel zu leiten; und

eine Rohrsperreinrichtung zum Sperren des
Verlangerungsschlauchs, wenn die Differenz
den zulassigen Bereich Uberschreitet.

Flussigkeitsinjektor 100, um ein Kolbenelement 202
in ein mit einer Flissigkeit gefilltes Zylinderelement
201 einer Flissigkeitsspritze 200 zu pressen, die mit
einem menschlichen Kérper 500 durch eine Nadel
212 und einen Verlangerungsschlauch 211 gekop-
pelt ist, wobei der Flissigkeitsinjektor 100 umfasst:

den Leckdetektor nach einem der Anspriiche 1
bis 3 und 5 bis 7; und

eine Injektionsaussetzeinrichtung 146, um eine
Injektion der Flissigkeit auszusetzen, wenn der
Leckdetektor die Leckwarnung flr eine Meldung
erzeugt.

Flussigkeitsinjektor 100, um ein Kolbenelement 202
in ein mit einer FlUssigkeit geflilltes Zylinderelement
201 einer Flussigkeitsspritze 200 zu pressen, die mit
einem menschlichen Koérper 500 durch eine Nadel
212 und einen Verlangerungsschlauch 211 gekop-
pelt ist, wobei der Flissigkeitsinjektor 100 umfasst:

den Leckdetektor nach Anspruch 17; und

eine Injektionsaussetzeinrichtung 146, um eine
Injektion der Flissigkeit auszusetzen, wenn der
Leckdetektor mindestens eines von der Leck-
warnung und der Empfangswarnung fir eine
Meldung erzeugt.

Revendications

1.

Détecteur de fuite pour détecter une fuite d’'un liquide
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injecté a I'aide d’une aiguille (212) dans un vaisseau d’affichage de courbe pour afficher l'intervalle me-
sanguin (501) proche de la surface d’un corps hu- suré pour chacun des signaux impulsionnels sous
main (500), comprenant : la forme d’'une courbe de tendance.
un moyen (403) générateur d’'impulsions pour 5 5. Détecteurde fuite pour détecter une fuite d’'un liquide
émettre successivement des signaux impul- injecté a I'aide d’une aiguille (212) dans un vaisseau
sionnels vers le corps humain (500), a un endroit sanguin (501) proche de la surface d’un corps hu-
ou est insérée ladite aiguille (212), par propa- main (500), comprenant :
gation donde a une Ilongueur donde
prédéterminée ; 10 un moyen générant des impulsions pour émettre
un moyen (404) de détection d'impulsions pour successivement des signaux impulsionnels
détecter lesdits signaux impulsionnels réfléchis vers ledit corps humain, a un endroit ou est in-
a l'intérieur dudit corps humain (500) ; sérée ladite aiguille (212), par propagation d’on-
un moyen (411) de mesure d’intervalle pour me- de a une longueur d’'onde prédéterminée ;
surer un intervalle de temps entre I'émission et 15 un moyen de détection d’'impulsions pour détec-
la détection pour chacun desdits signaux ter lesdits signaux impulsionnels réfléchis a I'in-
impulsionnels ; térieur dudit corps humain ;
un moyen (413) de calcul de différence pour cal- un moyen de mesure de longueur d’onde pour
culerla différence entre I'intervalle de temps me- mesurer une longueur d’'onde pour chacun des-
suré et un intervalle de temps de référence 20 dits signaux impulsionnels détectés ;
prédéterminég ; un moyen de calcul de différence pour calculer
un moyen (414) de comparaison de différence la différence entre la longueur d’'onde mesurée
pour comparer la différence calculée avec des et une longueur d’onde de référence prédéter-
marges acceptables prédéterminées ; et minée;
un moyen (141) de signalement de fuite pour 25 un moyen de comparaison de différence pour
générer un signalement de fuite pour notifier calculer la différence calculée avec des marges
lorsque la différence dépasse les marges ac- acceptables prédéterminées ; et
ceptables. un moyen de signalement de fuite pour générer
un signalement de fuite pour notifier lorsque la
2. Détecteur de fuite selon la revendication 1, compre- 30 différence dépasse les marges acceptables.
nant en outre :
6. Détecteur de fuite selon la revendication 5, compre-
un moyen de mémorisation d’intervalle pour mé- nant en outre :
moriser l'intervalle mesuré au moins jusqu’a la
mesure de l'intervalle suivant, 35 un moyen de mémorisation de longueur d’onde
dans lequel ledit moyen de calcul de différence pour mémoriser la longueur d’'onde au moins
emploie le dernier intervalle mesuré comme in- jusqu’a la mesure de la longueur d’'onde suivan-
tervalle de référence pour calculer la différence te,
entre l'intervalle en train d’étre mesuré et l'inter- dans lequel ledit moyen de calcul de différence
valle de référence. 40 calcule la différence entre lalongueur d’onde en
train d’étre mesurée et la derniére longueur
3. Détecteur de fuite selon la revendication 1, compre- d’onde mesurée, ladite derniére longueur d’on-
nant en outre : de mesurée servant de longueur d’onde de ré-
férence.
un moyen de mémorisation d’intervalle pourmé- 45
moriser le premier intervalle mesuré, dans le- 7. Détecteur de fuite selon la revendication 5, compre-
quel nant en outre :
ledit moyen de calcul de différence calcule la
différence entre l'intervalle en train d’étre mesu- un moyen de mémorisation de longueur d’'onde
ré et le premier intervalle mesuré, ledit premier 50 pour mémoriser la premiére longueur d’onde,
intervalle mesuré servant d'intervalle de dans lequel
référence ; et ledit moyen de calcul de différence calcule la
ledit moyen de comparaison de différence com- différence entre la premiére longueur d’onde et
pare la différence avec des marges acceptables la longueur d’onde en train d’étre mesurée, la-
prédéterminées. 55 dite premiére longueur d’onde servant de lon-
gueur de référence ; et
4. Détecteur de fuite selon I'une quelconque des re- ledit moyen de comparaison de différence com-
vendications 1 a 3, comprenant en outre un moyen pare la différence avec des marges acceptables

14
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prédéterminées.

Détecteur de fuite selon 'une quelconque des re-
vendications 5 a 7, comprenant en outre un moyen
d’affichage de courbe pour afficher la longueur d’on-
de mesurée pour chacun des signaux impulsionnels
sous la forme d’une courbe de tendance.

Détecteur de fuite selon 'une quelconque des re-
vendications 1 a 3 et 5 a 7, comprenant en outre un
moyen d’affichage de courbe pour afficher la diffé-
rence calculée pour chacun desdits signaux impul-
sionnels sous la forme d’'une courbe de tendance.

Détecteur de fuite selon 'une quelconque des re-
vendications 1 a 3 et 5 a 7, dans lequel :

ledit moyen générateur d’impulsions émet les-
dits signaux impulsionnels comprenant des on-
des ultrasonores, et

ledit moyen de détection d’impulsions détecte
lesdits signaux ultrasonores impulsionnels.

Détecteur de fuite selon 'une quelconque des re-
vendications 1 a 3 et 5 a 7, dans lequel :

ledit moyen générateur d’impulsions émet les-
dits signaux impulsionnels de rayons infrarou-
ges, et

ledit moyen de détection d’impulsions détecte
lesdits signaux impulsionnels infrarouges.

Détecteur de fuite selon la revendication 11, dans
lequelledit moyen générateur d’impulsions émetles-
dits signaux impulsionnels de rayons infrarouges a
une fréquence qui traverse un organe particulier du
corps humain et est réfléchie par un organe particu-
lier du corps humain.

Détecteur de fuite selon la revendication 12, dans
lequel ledit moyen de détection d’impulsions détecte
uniquement les rayons infrarouges a ladite longueur
d’onde.

Détecteur de fuite selon la revendication 11, com-
prenant en outre un filtre optique pour laisser passer
a travers celui-ci vers ledit moyen de détection d’im-
pulsions exclusivement les rayons infrarouges a la-
dite longueur d’onde.

Détecteur de fuite selon I'une quelconque des re-
vendications 1 a 3 et 5 a 7, comprenant en outre :

un dispositif de détection de fuite comprenant
au moins ledit moyen générateur d’impulsions
et ledit moyen de détection d’'impulsions ;

un corps de détecteur formé séparément dudit
dispositif de détection de fuite et comportant au

10

15

20

25

30

35

40

45

50

55

15

EP 1472973 B1

16.

17.

18.

19.

20.

21.

28

moins ledit moyen de signalement de fuite ;
dans lequel ledit dispositif de détection de fuite
comporte en outre un moyen d’émission radio
pour émettre un signal radio, et

ledit corps de détecteur comporte en outre un
moyen de réception radio pour recevoir le signal
radio.

Détecteur de fuite selon la revendication 15, dans
lequel ledit corps de détecteur comporte en outre :

un moyen de détection de réception pour détec-
ter un état de réception du signal radio ; et

un moyen de notification d’état pour notifier I'état
de réception détecté.

Détecteur de fuite selon la revendication 16, dans
lequel ledit corps de détecteur comporte en outre un
moyen de signalement de réception pour générer un
signalement de réception pour notifier lorsque I'état
de réception détecté devient inférieur a un état pré-
déterminé.

Détecteur de fuite selon 'une quelconque des re-
vendications 1 a 3 et 5 a 7, comprenant en outre :

un moyen d’imagerie pour prendre une image
du corps humain a un endroit ou est insérée la-
dite aiguille ; et

un moyen d’affichage d’image pour afficher
l'image prise.

Détecteur de fuite selon la revendication 15, dans
lequel :

ledit dispositif de détection de fuite comprend
en outre un moyen d’imagerie pour prendre une
image du corps humain a un endroit ou est in-
sérée ladite aiguille, et

ledit corps de détecteur comporte en outre un
moyen d’affichage d’image pour afficher 'image
prise.

Détecteur de fuite selon 'une quelconque des re-
vendications 1 a 3 et 5 a 7, comprenant en outre :

un dispositif de détection de fuite comportant au
moins ledit moyen générateur d’'impulsions et
ledit moyen de détection d’'impulsions ; et

un tampon adhésif transparent pour faire adhé-
rer de maniere amovible ledit dispositif de dé-
tection de fuite a la surface du corps humain,
ledit tampon adhésif portant une indication de
position de ladite aiguille.

Détecteur de fuite selon la revendication 20, dans
lequel :



22.

23.

24,

25,

26.

27.

29 EP 1472973 B1 30

ledit tampon adhésif est formé, de maniére rem-
plagable, séparément dudit dispositif de détec-
tion de fuite ; et

ledit tampon adhésif porte en outre une indica-
tion de position dudit dispositif de détection de
fuite.

Détecteur de fuite selon la revendication 20, com-
prenant en outre un élément de protection rempla-
cable faisant corps avec ledit tampon adhésif pour
renfermer ledit dispositif de détection de fuite, ledit
élément de protection étant transparent a la propa-
gation d’ondes.

Détecteur de fuite selon 'une quelconque des re-
vendications 1 a 3 et 5 a 7, comprenant en outre :

un dispositif de détection de fuite comportant au
moins ledit moyen générateur d’impulsions et
ledit moyen de détection d’impulsions ; et

un élément de protection remplagable pour ren-
fermer ledit dispositif de détection de fuite, ledit
élément de protection étant transparent a la pro-
pagation d’'ondes.

Détecteur de fuite selon 'une quelconque des re-
vendications 1 a 3 et 5 a 7, dans lequel

ledit détecteur de fuite comporte une pluralité d’au
moins un desdits moyen générateur d’impulsions et
moyen de détection d’impulsions.

Détecteur de fuite selon 'une quelconque des re-
vendications 1 a 3 et 5 a 7, comprenant en outre :

un tuyau prolongateur pour conduire le liquide
jusqu’a ladite aiguille ; et

un moyen d’obturation de tuyau servant a obtu-
rer ledit tuyau prolongateur si la différence dé-
passe les marges acceptables.

Injecteur (100) de liquide pour pousser un élément
formant piston (202) dans un élément cylindrique
(201) rempli de liquide d’une seringue (200) a liquide
reliée a un corps humain (500) par une aiguille (212)
et un tuyau prolongateur (211), ledit injecteur (100)
de liquide comportant :

le détecteur de fuite selon I'une quelconque des
revendications1a3et5a7;et

un moyen (146) de suspension d’injection pour
suspendre I'injection du liquide lorsque ledit dé-
tecteur de fuite génére le signalement de fuite
a notifier.

Injecteur (100) de liquide pour pousser un élément
formant piston (202) dans un élément cylindrique
rempli de liquide d’'une seringue (200) a liquide reliée
a un corps humain (500) par une aiguille (212) et un
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tuyau prolongateur (211), ledit injecteur (100) de li-
quide comportant :

le détecteur de fuite selon la revendication 17 ;
et

un moyen (146) de suspension d’injection pour
suspendre I'injection du liquide lorsque ledit dé-
tecteur de fuite génére au moins I'un du signa-
lement de fuite et du signalement de réception
a notifier.
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