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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to the detection
of needle dislodgement during medical treatments or
therapies, such as hemodialysis.

[0002] A variety of different medical treatments relate
to removing blood from a patient. For example, hemodi-
alysis treatment utilizes the patient’'s blood to remove
waste, toxins and excess water from the patient. The
patient is connected to a hemodialysis machine, and the
patient’s blood is pumped through the machine. Waste,
toxins and excess water are removed from the patient’s
blood, and the blood is infused back into the patient. Nee-
dles are inserted into the patient’s vascular access, such
as arteries and veins, to transfer the patient’s blood to
and from the hemodialysis machine. Hemodialysis treat-
ments can last several hours and are generally per-
formed in a treatment center about three to four times
per week.

[0003] During hemodialysis treatment, dislodgement
of the needle inserted into the patient’s vascular access,
such as veins, can occur. If not detected immediately,
this can produce a significant amount of blood loss to the
hemodialysis patient. Two important criteria for detecting
needle dislodgement are high sensitivity and specificity
of the detection method with respect to needle dropout.
This can ensure and facilitate a fast response time in
order to minimize blood loss due to dislodgement.
[0004] Typically, patients undergoing hemodialysis
are visually monitored in order to detect needle dislodge-
ment. However, the needle may not be in plain view of
the patient or medical staff such that it could delay re-
sponsive actions to dislodgement, such as stopping the
blood pump of the hemodialysis machine.

[0005] Although devices which employ sensors are
available and known for detecting a variety of different
bodily fluids, these devices may not be suitably adapted
to detect needle dislodgement. For example, known de-
vices employing such sensors have been utilized to de-
tect bedwetting and diaper wetness. However, these
types of wetness detection devices may not provide an
adequate level of sensitivity if applied to detecting blood
loss from the patient due to needle dislodgement.
[0006] Inthis regard, the known wetness detection de-
vices may not be able to detect needle drop out with
sufficient enough sensitivity and specificity to ensure and
facilitate a proper and fast response. Further, as applied
to hemodialysis, known wetness detection devices may
not be configured to be controllably interfaced, or at least
not properly interfaced, with, for example, a hemodialysis
machine such that a responsive measure can be taken
to minimize blood flow due to needle dislodgement once
detected. In addition, a number of known wetness detec-
tors are not reusable, or at least must be cleaned after
each use, due to the fact that the sensor component con-
tacts fluid when detecting same. This can require exten-
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sive cleaning of the sensor, particularly if it has contacted
blood, in order to minimize the risk of infection prior to
reuse.

[0007] WO 99/24145 describes a fluid sensing device
(11) that includes a pair of electrodes (A, B) which are
placed on the surface of a patient’s body (8) adjacent to
aneedle, (15, 19) inserted into the patient. The electrodes
are connected to a computer and an alarm circuit and
when they detect the leakage of blood due to a needle
dislodgement they send a signal to the computer and the
alarm circuit which deactivate a blood pump and activate
an alarm.

[0008] WO 99/29356 describes a device for monitoring
fluid supply to an implanted catheter. The device com-
prises an electrode (10) placed on the skin of the patient.
The liquid flow may be determined based on the electrical
resistance between the electrode and at least one other
electrical contact (P, Q).

[0009] WO 01/68163 describes aninfusion leak detec-
tion system which includes a pad (28) positioned adja-
cent to the infusion site of the needle. The pad secures
a delivery device, such as an infusion set or pump, to the
patient’s skin.

[0010] Accordingly, efforts have been directed at de-
signing devices for detecting needle dislodgement
wherein detection is sensitive and specific to needle drop
out or dislodgement such that responsive measures can
be suitably taken to minimize blood loss from the patient
due to needle dislodgement.

SUMMARY OF THE INVENTION

[0011] The presentinvention provides improved appa-
ratuses and a method for detecting needle dislodgement.
In this regard, the present invention provides improved
apparatuses that employ a sensor capable of detecting
wetness due to blood loss from a patient resulting from
needle dislodgement.

[0012] According to the present invention there is pro-
vided an apparatus and method for detecting dislodge-
ment of a needle according to claims 1 and 18.

[0013] In an embodiment, the sensor comprises a re-
sistive sensor, a capacitive sensor or combination there-
of.

[0014] In an embodiment, the resistive sensor com-
prises a loop configuration of conductive electrodes.
[0015] In an embodiment, the loop configuration in-
cludes at least two loops of conductive electrodes.
[0016] In an embodiment, the capacitive sensor in-
cludes one or more electrodes.

[0017] In an embodiment, the capacitive sensor is lo-
cated within the sensor holder such that the sensor does
not contact blood upon detection thereof.

[0018] Inanembodiment,the sensorproduces asignal
upon detection of blood loss.

[0019] In an embodiment, the apparatus further in-
cludes a control device adapted to receive the signal for
monitoring and controlling blood loss due to dislodge-
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ment of the needle during hemodialysis.

[0020] In an embodiment, the absorbent pad provides
a sterile barrier.

[0021] In another embodiment, the apparatus is used
for detecting needle dislodgement during hemodialysis
and comprises a sensor holder having a cavity; and a
capacitive sensor including an electrode enclosed within
the cavity of the sensor holder such that the capacitive
sensor is capable of detecting wetness from blood due
to needle dislodgement during hemodialysis wherein the
capacitive sensor does not contact blood upon detection
thereof, and the capacitive sensor detects wetness due
toblood loss into a sterile pad overlying a vascular access
region of a venous needle.

[0022] In an embodiment, the sensor holder includes
aflexible material that adaptedly conforms to the vascular
access region such that the capacitive sensor is capable
of detecting blood loss due to needle dislodgement.
[0023] In another embodiment, the apparatus is used
for detecting dislodgement of a needle inserted into a
patient during hemodialysis and comprises a resistive
sensor capable of detecting wetness due to blood where-
in the resistive sensor includes at least two electrodes;
and a sensor holder defining an interior fur receiving at
least a portion of the needle and coupling the resistive
sensor to the patient such that the resistive sensor is
capable of detecting blood loss due to dislodgement of
the needly the resistive sensor detects wetness due to
blood loss into the sterile pad.

[0024] In an embodiment, the pair of electrodes each
comprise a loop configuration.

[0025] In another embodiment, the apparatus can be
used to control blood loss from a patient during hemodi-
alysis and comprises a sensor capable of detecting wet-
ness due to blood and a sensor holder adapted to secure
the sensor to the patient. The sensor produces a signal
indicative of wetness due to blood loss from the patient
upon dislodgement of a venous needle inserted into the
patient and the apparatus further comprises a controller
capable of processing the signal to prevent blood flow
through the venous needle such that blood loss from the
patient due to dislodgement of the venous needle is min-
imized.

[0026] In an embodiment, the controller is in commu-
nication with a hemodialysis machine via an electrical
communication cable or a cordless interface to minimize
blood loss due to venous needle dislodgement.

[0027] In an embodiment, the controller is adapted to
monitor one or more hemodialysis treatment parameters
including wetness due to blood loss, change in blood
flow, detection of the arterial air bubbles or combinations
thereof.

[0028] In an embodiment, the controller comprises a
display for monitoring each of the hemodialysis treatment
parameters.

[0029] In an embodiment, the controller is attached to
the patient. The apparatus may be used for controlling
blood loss from a patient due to needle dislodgement. In
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this application, the sensor is secured to the patient ad-
jacent the needle such that the sensor produces a signal
indicative of wetness due to blood loss from the patient
upon dislodgement of the needle. The signal is proc-
essed to prevent blood flow through the venous needle
such that blood loss to the patient due to needle dislodge-
ment is minimized.

[0030] In an embodiment, the signal is processed for
communicating with a hemodialysis machine to minimize
blood loss to the patient due to needle dislodgement.
[0031] In an embodiment, the signal is processed to
shut-off a blood pump of the hemodialysis machine.
[0032] In an embodiment, the signal is processed to
activate a venous line clamp for preventing blood flow
via the venous needle.

[0033] In an embodiment, blood flow through the ve-
nous needle is stopped upon detecting dislodgement of
the venous needle such that blood loss from the patient
is minimized.

[0034] An advantage of the present invention is to pro-
vide an improved apparatus for detecting needle dis-
lodgement.

[0035] A further advantage of the present invention is
to provide an improved method for detecting needle dis-
lodgement.

[0036] Still further, an advantage of the present inven-
tion is to provide an apparatus that employs a sensor
which does not contact blood upon detection thereof.
[0037] Furthermore, an advantage of the present in-
vention is to provide an improved apparatus for monitor-
ing and/or controlling blood loss from a patient due to
needle dislodgement.

BRIEF DESCRIPTION OF THE FIGURES

[0038]

Figure 1 illustrates a perspective view of an embod-
iment of an apparatus for detecting needle dislodge-
ment of the present invention.

Figures 2A and 2B illustrate an embodiment of a sen-
sor of the present invention. Figure 2A illustrates an
embodiment of a resistive sensor. Figure 2B illus-
trates an embodiment of a capacitive sensor.
Figures 3A to 3C illustrate an embodiment of an ap-
paratus for detecting needle dislodgement of the
present invention showing a sensor holder and a
sensor located inside of the sensor holder. Figure
3Aillustrates a top perspective view. Figure 3B illus-
trates an exploded view. Figure 3C illustrates a side
sectional view.

DETAILED DESCRIPTION OF THE INVENTION

[0039] The present invention provides apparatuses
and a method for detecting needle dislodgement. More
specifically, the present invention provides apparatuses
and methods that employ a sensor to detect needle dis-
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lodgement such that blood loss due to dislodgement can
be controllably minimized.

[0040] Although in the embodiment set forth below the
apparatus is designed for use in hemodialysis, it should
be noted that the apparatus can be used in a number of
different therapies. In this regard, the apparatus can be
used in non-traditional hemodialysis methods. Such
methods include, for example, regeneration and contin-
uous flow therapies which may or may not include he-
modialysis, for example, continuous flow peritoneal dial-
ysis. Further, although the present apparatus can be uti-
lized in methods providing dialysis for patients having
chronic kidney failure or disease, it can be used for acute
dialysis needs, for example, in an emergency room set-
ting.

[0041] In general, the apparatus fox detecting needle
dislodgement of the present invention includes a sensor
that is capable of detecting wetness due to blood and a
sensor holder that can be adapted to secure the sensor
to a patient such that the apparatus can effectively detect
dislodgement of the needle during treatment or therapy.
For example, during hemodialysis, dislodgement of a ve-
nous needle can occur. If dislodged, a significant amount
of blood loss can occur within a relatively short period of
time. In this regard, the sensor of the apparatus of the
present invention can detect wetness due to blood loss
from the patient resulting from the dislodged needle. The
detection of blood loss is an indication that the needle
has become dislodged. Thus, needle dislodgement can
be detected.

[0042] Applicants have surprisingly found that the ap-
paratus of the present invention can detect needle dis-
lodgement, particularly venous needle dislodgement,
with high sensitivity and specificity. In this regard, the
apparatus of the present invention can be utilized to con-
trollably minimize blood loss from the patient due to the
dislodged needle.

[0043] It should be appreciated that the apparatus of
the present invention can include a variety of different
configurations and other components in addition to the
sensor and sensor holder depending on the application
of the detection apparatus. It should further be appreci-
ated that the various components of the apparatus can
include a variety of different and suitably known materials
such that needle dislodgement can be effectively and
immediately detected to minimize blood loss from the
patient due to dislodgement of the needle.

[0044] Referring now to Figure 1, an embodiment of
the present invention includes a sensor 10 and sensor
holder 12 that overlies the sensor 10 such that sensor
holder 12 secures the sensor 10 to the patient 14 for
detecting wetness due to blood loss from the patient 14
upon dislodgement of the needle 16. In an embodiment,
the sensor holder 12 includes a pad configuration such
that it is sized to cover the needle 16 and access region
18 therein.

[0045] In an embodiment, the sensor holder 12 in-
cludes a rigid material, such as a rigid plastic material,
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that has a preferable dome shape. In this regard, the
sensor holder 12 can act to shield and protect the sensor
10, needle 16 and other components that it covers in
addition to properly positioning and securing the sensor
10 overthe access orinsertion region 18 of the needle 16.
[0046] In an embodiment, the apparatus can include
a sterile barrier 20 overlying the access region 18 be-
tween the sensor 10 and needle 16 as shown in Figure
1. The sterile barrier 20 or pad can include a variety of
different medically sterile materials, such as ganze pads,
BAND-AIDS or the like. If a ganze pad or typical absorb-
ent pad is used, the sensor 10 can be positioned to con-
tact the absorbent pad. In this position, the sensor 10
can contact blood that is absorbed by the absorbent pad
due to a blood loss from the patient 14. The sensor 10
can then detect the presence of blood in the absorbent
pad.

[0047] The present invention can include a variety of
differenttypes and numbers of sensors to detect the pres-
ence of blood. In this regard, it should be appreciated
that the sensor or sensors can be utilized to detect one
or more parameters that are characteristic of blood or
blood loss due to needle dislodgement, such as, temper-
ature, color, conductivity, resistance, capacitance, mois-
ture, wetness, the like or combinations thereof.

[0048] Inanembodiment, aresistive sensor 22 can be
effectively utilized to detect the presence wetness in the
absorbent pad due to blood. The resistive sensor 22 is
capable of measuring the change in conductivity of the
ganze which results from blood loss or leakage. The re-
sistive sensor 22 can be configured in a variety of different
and suitably known ways. Preferably, the resistive sensor
22 includes a looped configuration of electrodes. More
preferably, the conductive electrodes 24,26 are config-
ured in the form of two loops as shown in Figure 2A.
[0049] Having this two loop configuration, the electrical
continuity of sensor 22 can be readily and easily tested
to monitor and ensure that the sensor 22 is properly func-
tioning. In this regard, each conductive loop 24,26 can
be individually tested for short circuiting by attaching a
typical electronic testing device to the contact ends 28,30
of each of the conductive loops 24,26. The loop config-
uration may also provide a higher level of sensitivity with
respect to detecting blood as compared to conventional
electrode configurations, such as typical electrode pairs
that are essentially straight in length extending parallel
to each other.

[0050] Theconductive electrodes 24,26 of the resistive
sensor 22 are generally attached to a substrate 32. Typ-
ically, the substrate 32 is a dielectric material, such as a
plastic film or other like material. The conductive elec-
trode material can be any suitably known conductive ma-
terial. It should be appreciated that the conductive sensor
can be excited by an AC or DC current source wherein
the voltage drop between the two conductive electrode
loops is used to measure the change in conductivity as
a result of the pad or absorbent pad being wetted by
blood.
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[0051] In an embodiment, a capacitive sensor 34 can
be used in place of or in addition to the resistive sensor
22. In an embodiment, the sensor 34 can include one or
more electrodes for detection purposes. As illustrated in
Figure 2B, the capacitive sensor 34 includes two elec-
trodes 36,38 each made from a known copper material.
The electrodes 36,38 can be arranged in any suitable
fashion, preferably in an interwoven configuration as
shown in Figure 2B. In this regard, a change in the ca-
pacitance between the electrodes 36,38 can be effec-
tively measured and/or monitored for detecting the pres-
ence of blood in the absorbent pad. The electrodes are
typically attached to a substrate 40 of a suitably known
material.

[0052] It should be appreciated that in both of the re-
sistive and capacitive sensors the output voltage of the
sensor will be compared against a preset voltage to de-
termine whether the absorbent pad is wet or dry. The
rate of change of the output voltage may also be used to
discriminate a blood loss event from noise, such as drift
in the sensor output or wetness due to patient’s sweat.

[0053] It should be appreciated that the sensor holder
12 can be secured to the patient 14 in a variety of suitable
and known ways to ensure that the sensor 10 is properly
secured and positioned over the insertion region 18 of
the needle. In an embodiment, the sensor holder 12 can
be secured to the patient 14 by a fastener, for example,
having one or more straps as shown in Figure 1. For
example, a strap 42,44 can be used to fasten a separate
end 45,46 of the pad of the sensor holder 12. The straps
42,44 can include any variety of different materials, such
as elastic, rigid or the like depending on the application.
The straps 42,44 can be fastened to the sensor holder
12 by any known fastening mechanisms, such as a hoop
and loop fastener, a buckle fastener, a Velcro fastener
or other like fasteners.

[0054] In an embodiment, the apparatus can also in-
clude aforce transducer 47, such as a pressure or motion
sensitive transducer, to measure and monitor the force
upon which the sensor holder is secured to the patient
14. The force transducer 47 can be utilized to ensure that
the applied force is suitable for the particular application.
In addition, the force transducer 47 may be adapted to
enable one to monitor, control and adjust the applied
force as deemed appropriate.

[0055] As previously discussed, the apparatus can be
configured in a variety of different and suitable known
ways to properly secure the sensor to the patient and to
securely hold the needle in place to prevent dislodge-
ment. In an embodiment, the apparatus can include a
sensor holder 48 and a sensor 50 that is contained or
located within the sensor holder 48 as shown in Figures
3A to 3C. In general, the sensor holder 48 is made of a
suitable type of material, preferably a material that is im-
permeable to fluids, such as a plastic-based material. In
this way, blood due to blood loss from the patient upon
dislodgement of the needle does not contact the sensor.
Even so, the sensor 50 is still capable of detecting the
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presence of blood. In this regard, the sensor 50 can be
used repeatedly without having to clean it after each use,
or at least minimizing the amount of cleaning that is re-
quired.

[0056] In an embodiment, the sensor holder 48 in-
cludes a base 52 with a cavity 54 for holding the sensor
50 inside of the sensor holder 48 as shown in Figures 3A
to 3C. The sensor holder 48 further includes a lid or top
56 to cover the sensor 50 once inside of the cavity 54.
Preferably, the sensor is inserted into the cavity and the
cavity is over-molded in a known and suitable way. Al-
ternatively, the lid 56 can be removably attached.
[0057] The sensor holder 48 is preferably made from
a molded flexible plastic or polymeric material for pro-
tecting and securing the sensor, needle and other com-
ponents of the apparatus of the present invention as pre-
viously discussed. It also has a preferable angular shape
such that the sensor holder 48 effectively covers the vas-
cular access region of the needle which can be located
on any suitable part of the patient’s body, such as the
upper arm, lower arm, upper thigh area or the like. This
also facilitates securing the sensor holder to the patient
and can further enhance the confort level of the patient
during use.

[0058] It should be appreciated that the sensor holder
can be made from a variety of different and suitable ma-
terials and configured in a variety of different ways. For
example, the thickness of the sensor holder is such that
it does not compromise the integrity of the sensor holder
to protect the needle and properly bold the sensor while
at the same time it does not compromise the extent to
which the sensor is capable of detecting blood loss due
to needle dislodgement with high sensitivity and selec-
tivity. Further, the sensor holder can be made of a plastic
or other like suitable polymeric material that is both flex-
ible and essentially impermeable to liquid or fluid, such
as blood. This allows the apparatus to be rensed without
having to clean the sensor. In this regard, the risk of in-
fection due to rense can be effectively eliminated or at
the very least greatly minimized.

[0059] AsshowninFigures 3Ato 3C, the sensor holder
48 has a channeled area 60 under which the needle,
respective blood lines and the like are positioned. In ad-
dition, the sensor holder 48 can include a pair of spacers
62 that extend along at least a portion of the bottom sur-
face of the sensor holder 48. The channeled area 60 and
spacer 62 can act as a guide to further position the nee-
dle, blood lines, absorbent pad and the like, such that
the sensor 50 is properly aligned with respect to the nee-
dle and access region. This can facilitate the detection
of blood due to blood loss upon dislodgement of the nee-
dle. In this regard, the sensor 50 can be securely posi-
tioned in close proximity to the needle without disrupting
the way in which the needle is inserted into the patient.
[0060] In an embodiment, the sensor 50 preferably in-
cludes a capacitive sensor that includes a single elec-
trode formed in a sheet or plate configuration. The elec-
trode is preferably made of copper. As the capacitance
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of the absorbent pad increases due to the presence of
blood, the single electrode capacitive sensor can detect
the increased capacitance of blood as compared to air
(i.e., no blood present) due to the coupling of field lines
between the electrode and the ground of the sensor. The
non-contact nature of this type of sensor is desirable be-
cause cleaning of the sensor after use can be effectively
minimized or avoided as previously discussed.

[0061] Applicants have surprisingly found that the ca-
pacitive sensor can detect wetness due to the presence
of blood, for example, in an absorbent pad overlying the
needle, with a high degree of sensitivity and specificity
to needle dislodgement without contacting the absorbent
pad and for that matter blood. In this regard, the sensor
is capable of detecting an increased capacitance of the
blood-wetted absorbent pad which results from its large
dielectric constant as compared to a dry absorbent pad.
This can be done by measuring the charging and dis-
charging times of the electrode or by measuring the
change in the dielectric constant due to the presence of
blood in other known and suitable ways.

[0062] It should be appreciated that an embodiment of
the apparatus as shown in Figures 3A to 3C can be se-
cured to the patient in a number of different and suitably
known ways. In an embodiment, the sensor holder 48
includes a pair of fastener members 64 onto which straps
or other like fasteners can be attached to fasten the ap-
paratus to the patient. The straps and/or fasteners can
include any suitably known straps and/or fasteners as
discussed above.

[0063] As previously discussed, the apparatus of the
presentinvention can be effectively utilized to detect nee-
dle dislodgement by detecting the presence of wetness
due to blood loss upon dislodgement of the needle from
the patient. The apparatus can be applied in a number
of different applications, such as medical therapies or
treatments, particularly hemodialysis. In hemodialysis,
needles are inserted into a patient’s arteries and veins
to connect blood flow to and from the hemodialysis ma-
chine.

[0064] Under these circumstances, if the needle be-
comes dislodged, particularly the venous needle (i.e., a
needle inserted into a vein), the amount of blood loss
from the patient can be significant and immediate. In this
regard, the needle dislodgement detection apparatus of
the present invention can be utilized to controllably and
effectively minimize blood loss from a patient due to dis-
lodgement of the needle, such as during hemodialysis.

[0065] In an embodiment, the present invention pro-
vides an apparatus for controlling the blood loss from a
patient due to venous needle dislodgement. The appa-
ratus can include a needle dislodgement device as pre-
viously discussed.

[0066] In an embodiment, the apparatus includes a
controller (not shown) that is in electrical contact with the
sensor. The controller can be configured in a variety of
different ways depending on the application thereof. Up-
on detection of the presence of blood due to needle dis-
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lodgement, the sensor produces a signal indicative of the
degree of wetness due to blood. This signal can then be
transmitted to the controller which is electrically connect-
ed to the sensor.

[0067] The controller can processthe signalina variety
of different ways such that the blood loss from the patient
is minimized. In an embodiment, the controller is in com-
munication with a hemodialysis machine (not shown).
This communication can be either hard wired (i.e., elec-
trical communication cable), a wireless communication
(i.e., wireless RF interface), a pneumatic interface or the
like. In this regard, the controller can process the signal
to communicate with the hemodialysis machine to shut
off or stop the blood pump associated with the hemodi-
alysis machine and thus effectively minimize the amount
of blood loss from the patient due to needle dislodgement
during hemodialysis.

[0068] The controller can communicate with the hemo-
dialysis machine in a variety of other ways. For example,
the controller and hemodialysis machine can communi-
cate to activate a venous line clamp (not shown) for pre-
venting further blood flow via the venous needle thus
minimizing blood loss to the patient. In an embodiment,
the venous line clamp is activated by the controller and
attached to or positioned in proximity to the sensor and
sensor holder such that it can clamp off the venous line
in close proximity to the needle. Once clamped, the he-
modialysis machine is capable of sensing an increase in
pressure and can be programmed to shut-off the blood
pump upon sensing pressure within the blood flow line
which is above a predetermined level. In this regard, the
sensor, sensor holder and venous line clamp can act
together as a stand-alone control unit. Alternatively, the
venous line clamp can be controllably attached to the
hemodialysis machine.

[0069] It should be appreciated that the sensor output
signal can be combined with other less sensitive blood
loss detection methods, such as venous pressure meas-
urements, systemic blood pressure, the like or combina-
tions thereof, to improve specificity to needle dislodge-
ment.

[0070] Applicants have found that the apparatus of the
present invention can detect blood loss due to needle
dislodgement with high sensitivity and selectivity such
thatresponsive measures can be taken to minimize blood
loss due to needle dislodgement. The ability to act re-
sponsively and quickly to minimize blood loss upon de-
tection thereof is particularly important with respect to
needle dislodgementduring hemodialysis. If not detected
and responded to immediately, the amount of blood loss
can be significant. In an embodiment, the present inven-
tion is capable of taking active or responsive measures,
to minimize blood loss (i.e., shut-off blood pump, activate
venous line clamp or the like) within about three seconds
or less, preferably within about two to about three sec-
onds upon detection of needle dislodgement.

[0071] Inaddition, the controller can be utilized to mon-
itor and/or control one or more treatment parameters dur-
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ing hemodialysis. These parameters can include, for ex-
ample, the detection of blood due to blood loss upon nee-
dle dislodgement, the change in blood flow, the detection
of air bubbles in the arterial line, detection of movement
of the sensor during treatment, detection and/or monitor-
ing of electrical continuity of the sensor or other like treat-
ment parameters. In an embodiment, the controller in-
cludes a display (not shown) for monitoring one or more
of the parameters.

Claims

1. Anapparatus for detecting dislodgement of a needle
(16) inserted into a patient (14) comprising a sensor
(10, 50) capable of detecting wetness due to blood
upon dislodgement of the needle, characterised in
that the apparatus further comprises:

an absorbent pad (20) capable of absorbing
blood lost from the patient due to the dislodge-
ment of the needle; and

a sensor holder (12, 48) adapted to secure the
sensor and the absorbent pad adjacent to the
needle, such that the absorbent pad is disposed
between the sensor and the needle.

2. The apparatus of Claim 1, wherein the sensor (10,
50) is a resistive sensor (22), a capacitive sensor
(34) or combination thereof.

3. The apparatus of Claim 2, wherein the sensor (10,
50) is a resistive sensor (22) comprising a loop con-
figuration of conductive electrodes (24, 26).

4. The apparatus of Claim 3, wherein the loop config-
uration includes atleast two loops of conductive elec-
trodes (24, 26).

5. The apparatus of Claim 2, wherein the sensor is a
capacitive sensor (34) that includes one or more
electrodes (36, 38).

6. The apparatus of Claim 5, wherein the capacitive
sensor (34) is located within the sensor holder (12,
48) such that the sensor (10, 50) is operable to detect
wetness due to blood loss in the absorbent pad.

7. The apparatus of any one of Claims 1 to 6, wherein
the sensor (10, 50) produces a signal upon detection
of blood loss.

8. Theapparatus of Claim 7 further comprising a control
device adapted to receive the signal for monitoring
and controlling blood loss due to the dislodgement
of the needle (16) during haemodialysis.

9. The apparatus of any one of Claims 1 to 8, wherein
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the absorbent pad (20) provides a sterile barrier.

The apparatus of any one of Claims 1 to 9, wherein
the sensor holder (12, 48) comprises a flexible ma-
terial that can conform to a vascular access region
such that the sensor (10, 50) is capable of detecting
blood loss due to needle dislodgement.

The apparatus of Claim 10, wherein the absorbent
pad (20) is positioned such that it overlies the access
region of the needle (16) in use in order to establish
a sterile barrier between the needle and the sensor
(10, 50).

The apparatus of Claim 11, wherein the sensor (10,
50) is positioned to directly contact the absorbent
pad (20) to detect wetness therein.

The apparatus of Claim 11, wherein the sensor (10,
50) is located inside of the sensor holder (12, 48)
such that the sensor does not contact the absorbent
pad (20) for detecting wetness therein.

The apparatus of Claim 8, wherein the control device
is communicatively coupled to a haemodialysis ma-
chine via an electrical communication cable or a
cordless interface to minimize blood loss due to nee-
dle dislodgement.

The apparatus of Claim 14, wherein the control de-
vice is adapted to monitor one or more haemodialy-
sis treatment parameters including wetness due to
blood loss, change in blood flow and detection of
arterial air bubbles during haemodialysis.

The apparatus of Claim 8, wherein the control device
comprises a display for monitoring each of the pa-
rameters.

The apparatus of Claim 1, wherein the sensor holder
(12, 48) defines an interior for receiving the absorb-
ent pad (20) and at least a portion of the needle (16)
such that the sensor (10, 50) is capable of detecting
blood loss due to dislodgement of the needle.

A method of detecting needle (16) dislodgement
comprising the steps of:

providing a sensor (10, 50) capable of detecting
wetness due to blood;

providing an absorbent pad (20) capable of ab-
sorbing blood loss from a patient due to dis-
lodgement of the needle;

providing a sensor holder (12, 48) for securing
the sensor and absorbent pad adjacent to the
needle; and

securing the sensor and absorbent pad to the
patient using the sensor holder so that the ab-
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sorbent pad lies between the sensor and the
needle.

19. The method of Claim 18 wherein the sensor is a re-

sistive sensor (22), a capacitive sensor (34) or com-
bination thereof.

Revendications

Appareil permettant de détecterle délogementd’'une
aiguille (16) insérée dans un patient (14), compre-
nant un capteur (10, 50) capable de détecter de I'hu-
midité due au sang suite au délogement de l'aiguille,
caractérisé en ce que l'appareil comprend en
outre :

une compresse absorbante (20) capable d’ab-
sorber du sang perdu par le patient dG au délo-
gement de l'aiguille ; et

un support de capteur (12, 48) adapté pour fixer
le capteur et la compresse absorbante adjacen-
te a I'aiguille, de sorte que la compresse absor-
bante est disposée entre le capteur et I'aiguille.

Appareil selon la revendication 1, dans lequel le cap-
teur (10, 50) est un capteur résistif (22), un capteur
capacitif (34) ou leur combinaison.

Appareil selon larevendication 2, dans lequel le cap-
teur (10, 50) est un capteur résistif (22) comprenant
une configuration en boucle des électrodes conduc-
trices (24, 26).

Appareil selon la revendication 3, dans lequel la con-
figuration en boucle comprend au moins deux bou-
cles d’électrodes conductrices (24, 26).

Appareil selon la revendication 2, dans lequel le cap-
teur est un capteur capacitif (34) qui comprend une
ou plusieurs électrodes (36, 38).

Appareil selon la revendication 5, dans lequel le cap-
teur capacitif (34) est situé a l'intérieur du support
de capteur (12, 48) de sorte que le capteur (10, 50)
peut étre actionné pour détecter 'humidité due a la
perte de sang dans la compresse absorbante.

Appareil selon I'une quelconque des revendications
1a6, danslequel le capteur (10, 50) produit un signal
suite a la détection de la perte de sang.

Appareil selon la revendication 7, comprenant en
outre un dispositif de commande adapté pour rece-
voir le signal pour surveiller et contréler la perte de
sang due au délogement de I'aiguille (16) pendant
’'hémodialyse.
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Appareil selon I'une quelconque des revendications
1 a 8, dans lequel la compresse absorbante (20)
fournit une barriére stérile.

Appareil selon I'une quelconque des revendications
1 a9, dans lequel le support de capteur (12, 48)
comprend un matériau flexible qui peut se conformer
a une région d’acces vasculaire de sorte que le cap-
teur (10, 50) est capable de détecter la perte de sang
due au délogement de l'aiguille.

Appareil selon la revendication 10, dans lequel la
compresse absorbante (20) est positionnée de sorte
qu’elle recouvre la région d’acces de I'aiguille (16) a
l'usage afin d'établir une barriere stérile entre
l'aiguille et le capteur (10, 50).

Appareil selon la revendication 11, dans lequel le
capteur (10, 50) est positionné afin d’étre en contact
directement avec la compresse absorbante (20)
pour détecter 'humidité a l'intérieur de celle-ci.

Appareil selon la revendication 11, dans lequel le
capteur (10, 50) est situé a l'intérieur du support de
capteur (12, 48) de sorte que le capteur n’est pas en
contact avec la compresse absorbante (20) pour dé-
tecter '’humidité a l'intérieur de celle-ci.

Appareil selon la revendication 8, dans lequel le dis-
positif de commande est couplé de maniére commu-
nicante a une machine d’hémodialyse via un cable
de communication électrique ou une interface sans
fil pour réduire la perte de sang due au délogement
de laiguille.

Appareil selon la revendication 14, dans lequel le
dispositif de commande est adapté pour surveiller
un ou plusieurs parametres de traitement d’hémo-
dialyse comprenant 'humidité due a la perte de
sang, le changement dans le débit de sang et la dé-
tection de bulles d’air artérielles pendant 'hémodia-
lyse.

Appareil selon la revendication 8, dans lequel le dis-
positif de commande comprend un écran pour sur-
veiller chacun des parametres.

Appareil selon la revendication 1, dans lequel le sup-
port de capteur (12, 48) définit un intérieur pour re-
cevoir la compresse absorbante (20) et au moins
une partie de I'aiguille (16) de sorte que le capteur
(10, 50) est capable de détecter la perte de sang due
au délogement de l'aiguille.

Procédé permettant de détecterle délogementd’une
aiguille (16) comprenant les étapes consistant a :

prévoir un capteur (10, 50) capable de détecter
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de I'humidité due a du sang ;

prévoir une compresse absorbante (20) capable
d’absorber la perte de sang d’un patient due au
délogement de l'aiguille ;

prévoir un support de capteur (12, 48) pour fixer
le capteur et la compresse absorbante adjacen-
te a l'aiguille ; et

fixer le capteur et la compresse absorbante sur
le patient en utilisant le support de capteur de
sorte que la compresse absorbante se trouve
entre le capteur et l'aiguille.

19. Procédé selon la revendication 18, dans lequel le

capteur est un capteur résistif (22), un capteur ca-
pacitif (34) ou leur combinaison.

Patentanspriiche

1.

Vorrichtung zum Detektieren einer Verlagerung ei-
ner Nadel (16), die in einen Patienten (14) eingesetzt
ist, umfassend einen Sensor (10, 50), der fahig ist,
Feuchtigkeit aufgrund von Blut nach bzw. bei einer
Verlagerung der Nadel zu detektieren, dadurch ge-
kennzeichnet, daB die Vorrichtung weiters umfaft:

ein absorbierendes bzw. Absorbenskissen (20),
das fahig ist, Blut zu absorbieren, das von dem
Patient aufgrund der Verlagerung der Nadel ver-
loren wurde; und

einen Sensorhalter (12, 48), der adaptiert ist,
um den Sensor und das Absorbenskissen be-
nachbart zu der Nadel derart zu sichem, dal}
das Absorbenskissen zwischen dem Sensor
und der Nadel angeordnet ist.

Vorrichtung nach Anspruch 1, wobei der Sensor (10,
50) ein Widerstandssensor (22), ein kapazitiver Sen-
sor (34) oder eine Kombination davon ist.

Vorrichtung nach Anspruch 2, wobei der Sensor (10,
50) ein Widerstandssensor (22) ist, der eine Schlau-
fenkonfiguration von leitfahigen bzw. leitenden Elek-
troden (24, 26) umfalfdt

Vorrichtung nach Anspruch 3, wobei die Schlaufen-
konfiguration wenigstens zwei Schlaufen von leitfa-
higen Elektroden (24, 26) umfafit.

Vorrichtung nach Anspruch 2, wobei der Sensor ein
kapazitiver Sensor (34) ist, welcher eine oder meh-
rere Elektrode(n) (36, 38) enthalt.

Vorrichtung nach Anspruch 5, wobei der kapazitive
Sensor (34) innerhalb des Sensorhalters (12, 48)
derart gelagert bzw. angeordnet ist, daf3 der Sensor
(10, 50) betatigbar ist, um Feuchtigkeit aufgrund ei-
nes Blutverlusts in dem Absorbenskissen zu detek-

10

15

20

25

30

35

40

45

50

55

10.

1.

12,

13.

14.

15.

16.

tieren.

Vorrichtung nach einem der Anspriiche 1 bis 6, wo-
bei der Sensor (10, 50) ein Signal nach bzw. bei einer
Detektion eines Blutverlusts produziert.

Vorrichtung nach Anspruch 7, weiters umfassend ei-
ne Steuer- bzw. Regelvorrichtung, die adaptiert ist,
um das Signal zum Uberwachen und zum Steuern
bzw. Regeln eines Blutverlustes aufgrund der Ver-
lagerung der Nadel (16) wahrend einer Himodialyse
zu empfangen.

Vorrichtung nach einem der Anspriiche 1 bis 8, wo-
bei das Absorbenskissen (20) eine sterile Barriere
zur Verfligung stellt.

Vorrichtung nach einem der Anspriche 1 bis 9, wo-
bei der Sensorhalter (12, 48) ein flexibles Material
umfalt, welches mit einem vaskularen Zutritts- bzw,
Zugriffsbereich derart Ubereinstimmen kann, daR
der Sensor (10, 50) fahig ist, einen Blutverlust auf-
grund einer Nadelverlagerung zu detektieren.

Vorrichtung nach Anspruch 10, wobei das Absor-
benskissen (20) derart positioniert ist, daf} es Uber
dem Zutrittsbereich der Nadel (16) in der Verwen-
dung liegt, um eine stenle Barriere zwischen der Na-
del und dem Sensor (10, 50) aufzubauen.

Vorrichtung nach Anspruch 11, wobei der Sensor
(10, 50) positioniert ist, um direkt das Absorbenskis-
sen (20) zum Detektieren von Feuchtigkeit darin zu
kontaktieren.

Vorrichtung nach Anspruch 11. wobei der Sensor
(10, 50) im inneren des Sensorhalters (12, 48) derart
angeordnet ist, dal der Sensor nicht das Absor-
benskissen (20) zum Detektieren von Feuchtigkeit
darin kontaktiert.

Vorrichtung nach Anspruch 8, wobei die Steuer-
bzw. Regelvorrichtung kommunizierend mit einer
Hamodialysemaschine uber ein elektrisches Verbin-
dungs- bzw. Kommunikationskabel oder eine kabel-
lose Schnittstelle gekoppelt ist, um einen Blutverlust
aufgrund einer Nadelverlagerung zu minimieren.

Vorrichtung nach Anspruch 14, wobei die Steuer-
bzw. Regelvorrichtung adaptiert ist, um einen oder
mehrere Hamodialyse-Behandlungsparameter zu
Uberwachen, beinhaltend Feuchtigkeit aufgrund von
Blutverlust, Veranderung in dem BlutfluR bzw.
-strom und Detektion von arteriellen Luftblasen wah-
rend einer Himodialyse.

Vonichtung nach Anspruch 8, wobei die Steuer- bzw.
Regelvorrichtung eine Anzeige zum Uberwachen
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von jedem der Parameter umfaf3t

17. Vorrichtung nach Anspruch 1, wobei der Sensorhal-
ter (12, 48) ein inneres zum Aufnehmen des Absor-
benskissens (20) und wenigstens einen Abschnitt 5
der Nadel (16) derart definiert, daf3 der Sensor (10,
50) fahig ist, einen Blutverlust aufgrund einer Verla-
gerung der Nadel zu delektieren.

18. Verfahren zum Detektieren einer Verlagerung einer 10
Nadel (16), umfassend die Schritte:

Bereitstellen eines Sensors (10, 50), der fahig

ist, Feuchtigkeit aufgrund von Blut zu detektie-

ren; 15
Bereitstellen eines absorbierenden bzw. Absor-
benskissens (20), das fahig ist, einen Blutverlust

von einem Patienten aufgrund einer Verlage-
rung der Nadel zu absorbieren;

Bereitstellen eines Sensorhalters (12, 48) zum 20
Sichern des Sensors und des Absorbenskis-
sens benachbart zu der Nadel; und

Sichern des Sensors und des Absorbenskis-
sens an dem Patienten unter Verwendung des
Sensorhalters derart, dafd das Absorbenskissen 25
zwischen dem Sensor und der Nadel liegt.

19. Verfahren nach Anspruch 18, wobei der Sensor ein
Widerstandssensor (22), ein kapazitiver Sensor (34)
oder eine Kombination davon ist. 30
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