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(57) Abrege/Abstract:
A system for tracing tubing which forms a conduit from a source of infusion liquid to a patient by way of an infusion pump has a

vibration generator manually operable by a user to generate vibrations at an origin location along the tubing, wherein the vibrations
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(57) Abrege(suite)/Abstract(continued):

are propagated by the tubing and have a vibration signature. A vibration sensor arranged at a destination location along the tubing
recelves the vibrations and generates a digital vibration signal. Signal processing circuitry connected to the vibration sensor
processes and evaluates the digital vibration signal to determine a trace status of the tubing between the vibration generator and
the vibration sensor. An Indicator connected to the signal processing circuitry provides an indication of the determined trace status.
Trace status possibilities include clear, cross-over, and null. A likely number of cross-overs may also be indicated.




CA 02900535 2015-08-06

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(43) International Publication Date

(19) World Intellectual Property
Organization
International Burecau

(10) International Publication Number

WO 2014/151170 Al

25 September 2014 (25.09.2014) WIPO | PCT

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61IM 5/142 (2006.01) kind of national protection available). AE, AG, AL, AM,
. . AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ. CA. CH. CL. CN. CO. CR. CU, CZ. DE, DK, DM,
PCLUS2015023 137 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
13 March 2014 (13.03.2014) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(30) Priority Data: YAYS

13/833.305 15 March 2013 (15.03.2013) US

(84) Designated States (unless otherwise indicated, for every
(71) Applicant: CURLIN MEDICAL INC. [US/US]; Seneca kind of regional protection available). ARIPO (BW, GH,
Street & Jamison Road, East Aurora, NY 14052 (US). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(72) Inventor: CHANDRASENAN, Sreelal: 11869 Glenhope UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, 1J,
Road, San Diego, CA 92128 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(74) Agents: SNYDER, George, L., Jr. et al.; Hodgson Russ MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

PATIENT(S)

LLP, The Guaranty Building, 140 Pearl Street, Suite 100,
Buffalo, NY 14202-4040 (US).

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: INFUSION TUBING TRACING SYSTEM USING VIBRATION GENERATOR AND VIBRATION SENSOR

(57) Abstract: A system for tracing tubing which forms a conduit from a

10\

TO

|

WO 2014/151170 A1 | JH10H YA 000 0 A 0 AL

source of mtusion liquid to a patient by way of an mfusion pump has a vi-
bration generator manually operable by a user to generate vibrations at an
origin location along the tubing, wheremn the vibrations are propagated by
the tubing and have a vibration signature. A vibration sensor arranged at a
destination location along the tubing receives the vibrations and generates
a digital vibration signal. Signal processing circuitry connected to the vi-
bration sensor processes and evaluates the digital vibration signal to de-
termine a trace status of the tubing between the vibration generator and the
vibration sensor. An indicator connected to the signal processing circuitry
provides an indication of the determined trace status. Trace status possibil -
ities include clear, cross-over, and null. A likely number of cross-overs
may also be mdicated.
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INFUSION TUBING TRACING SYSTEM USING VIBRATION GENERATOR
AND VIBRATION SENSOR

FIELD OF THE INVENTION

[0001] The present invention relates generally to infusion pumps for delivering
S medication and nutritional fluids to a patient, and more particularly to a system for
tracing infusion tubing lines to confirm intended connections to the proper fluid

source, infusion pump, and/or patient.

BACKGROUND OF THE INVENTION
[0002] When multiple infusion pumps are connected to a patient or multichannel
10 infusion pumps are used, 1t becomes difficult to trace the right tubing line for priming,
fluid supply management, locating and correcting occlusions and air-in-line, making
set-up connections, and making disconnections.
[0003] Current infusion pumps do not have an automated way of tracing the lines.
According to current clinical practice, before tubing 18 connected or reconnected to a
15 patient, a staff clinician 1s required to completely trace the infusion tubing line from
the patient through the pump to the source of fluid for verification. To assist manual
tracing, sometimes the infusion tubing lines are manually labeled. The current
solution of manually tracing tubing lines 1s not very efficient and 1t can introduce
errors that could potentially harm the patient. Manual line tracing delays therapy and
20 takes a lot of valuable time from the clinician. More importantly, potential
connection errors may occur and have potentially hazardous consequences to the
patient. Some of the critical errors are tubing misconnections and air embolism.
[0004] U.S. Patent Application Publication No. 2011/0264045 addresses the
problem of tracing a tubing line from the pump to the patient by providing a sensor 1n
25 the pump near a downstream connection receiving an end of the tubing. The clinician
squeezes the tubing anywhere along 1ts length between the pump and the patient, and
the pressure pulse generated by the squeezing action 1s detected by the sensor, which
triggers an alarm at the pump. While this system represents progress, 1t has its
shortcomings. For example, it does not provide for tracing between the fluid source

30 and the pump. Also, where two or more lines are crossed and touch one another,
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there 1s no indication of such a cross-over condition and the other lines involved are
not identitied to the clinician.

[0005] There 1s a need for a more robust automatic tracing system.

SUMMARY OF THE INVENTION

[0006] The present invention provides a tubing line tracing system that uses
vibration generators, vibration sensors, and audio and/or visual indicators to perform
line traces and inform the clinician of a trace status. It also provides a system capable
of detecting line cross-overs where two different tubing lines touch one another and
identifymg to the clinician which lines are involved in the cross-over. The present
invention helps clinicians organize the infusion tubing lines, and also supports manual
tracing by the clinician.

[0007] In an aspect of the invention, a system for tracing tubing which forms a
conduit from a source of infusion liquid to a patient by way of an infusion pump 1s
provided. The system comprises a vibration generator manually operable by a user to
generate vibrations at an origin location along the tubing, wherein the vibrations are
propagated by the tubing and have a vibration signature. The system also comprises a
vibration sensor arranged at a destination location along the tubing for receiving the
propagated vibrations and generating a digital vibration signal representative of the
recerved vibrations. Signal processing circuitry 1s connected to the vibration sensor
and 1s configured to process and evaluate the digital vibration signal to determine a
trace status of the tubing between the vibration generator and the vibration sensor.
The system further comprises an indicator connected to the signal processing
circuitry. The indicator 1s configured to provide an audible or visual indication of the
determined trace status. The trace status may be selected from a status group
consisting of a clear trace status, a cross-over trace status indicating touching tubing
lines, and a null trace status. One of the vibration generator and the vibration sensor
may be removably attachable to the tubing at a desired location, and the other of the
vibration generator and the vibration sensor may be part of the infusion pump.

[0008] In another aspect of the present invention, a system 18 provided for tracing
first tubing which forms a conduit from a first source of infusion liquid to a patient by
way of a first infusion pump and second tubing which forms a conduit from a second

source of infusion liquid to the patient or to another patient by way of a second
o
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infusion pump. The system comprises a vibration generator manually operable by a
user to generate vibrations at an origin location along the first tubing, wherein the
vibrations ar¢ propagated by the first tubing and have a vibration signature. The
system further comprises a vibration sensor arranged at a location along the second
tubing, wherein the vibrations are also propagated by the second tubing 1f there 1s a
cross-over between of the first tubing with the second tubing. The vibration sensor
recerves the vibrations propagated by the second tubing and generates a digital
vibration signal representative of the received vibrations. An indicator connected to
the vibration sensor 1s configured to provide an audible or visual indication 1n
response to the digital vibration signal. In this way, a cross-over culprit can be readily
identified.

[0009] The present invention further encompasses a method of tracing tubing
which forms a conduit from a source of infusion liquid to a patient by way of an
infusion pump. The method comprises arranging a vibration generator 1n engagement
with the tubing at an origin location along the tubing, and arranging a vibration sensor
in engagement with the tubing at a destination location along the tubing. The method
further comprises activating the vibration generator to cause the vibration generator to
generate vibrations at the origin location, wherein the vibrations are propagated by the
tubing and have a vibration signature, and receiving the propagated vibrations at the
vibration sensor. The method additionally comprises generating a digital vibration
signal representative of the received vibrations, and determining a trace status of the
first tubing between the vibration generator and the vibration sensor based on the

digital vibration signal.

BRIEF DESCRIPTION OF THE DRAWING VIEWS

[0010] The invention will be described 1n detail below with reference to the
accompanying drawing figures, 1n which:

[0011] Fig. 1 1s a schematic illustration of an infusion pump system embodying
the present invention;

[0012] Fig. 2 1s a schematic 1illustration of another infusion pump system
embodying the present invention;

[0013] Fig. 3 1s an block diagram 1llustrating signal processing circuitry in

accordance with an embodiment of the present invention; and
-3 -
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[0014] Figs. 4A-4C are schematic 1llustrations of various trace status imdications

in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0015] Fig. 1 schematically illustrates a tracing system 10 configured in

accordance with a first embodiment of the present invention. Tracing system 10 1s
installed 1n a health care facility environment in which patients are treated by infusing
fluids 1nto the body using one or more infusion pumps. Fig. 1 shows an infusion pole
12, e.g. an IV pole associated with intravenous infusions, supporting a first source of
infusion liquid 14A and a second source of infusion liquid 14B. First source 14A 1s
connected to a first infusion pump 18A by a tubing segment 16A providing flow mput
to pumping mechanism 20 of pump 18B. By way of non-limiting example, pumping
mechanism 20 may be a peristaltic pumping mechanism. Tubing line 16A typically
connects to an iput port on pump 18A for communication with a short tubing
segment within the pump that specifically intended for the type of pumping
mechanism being used. For example, in a peristaltic pump, the material of the
internal tubing segment may be specially chosen for performance under peristaltic
pumping action compressing the tubing. Output flow from pump 18A 1s carried by
tubing line 17A to a patient. As mentioned, tubing lines 16A and 17A are typically
connected via an internal shorter tubing segment within the pumping mechanism,
however tubing lines 16A and 17A may be part of one continuous tubing line
arranged to extend through the pumping mechanism. Thus, tubing lines 16A and 17A
form a conduit from source 14A to a patient, either with the help of an additional
tubing segment or flow channel within pump mechanism 20 or on their own. In
addition to pumping mechanism 20, infusion pump 18A mcludes a keypad 22 and a
display 24 connected to internal electronics and memory for programming and
controlling the infusion pump. As will be understood, the second infusion pump 18B
1s part of a similar setup that also includes the second fluid source 14B, a tubing line
16B from second source 14B to second pump 18B, and a tubing line 17B from second
pump 18B to a patient. Tubing lines 17A and 17B may be connected to the same
patient, or to two different patients. The system configuration described thus far 1s

known 1n the art of infusion treatment.
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[0016] In accordance with an embodiment of the present invention, a vibration
generator 30 18 removably attached to tubing line 16A and mcludes an activation
switch 31. For sake of 1llustration, vibration generator 30 1s attached to tubing line
16A at an origin location proximate first source 14A, however vibration generator 30
can be located anywhere along the tubing line depending on what portion of the line
the clinician secks to trace. A vibration sensor 32 1s arranged on pump 18A and 18 1n
contact with tubing line 16A at a destination location near the input connection of
tubing line 16A with the pump. Vibration sensor 32 1s connected to the pump’s
internal electronics. A trace indicator 34 1s provided on pump 18A and 1s responsive
to vibration sensor 32, as will be described below, to provide a trace status indication
to the clinician. Trace indicator 34 may be a visual device such an LED array, a
display (e.g. an LCD), or an audio device, or a combination of visual and audio
devices. In an embodiment of the present invention, pump display 24 may be used as
the trace indicator.

[0017] Vibration generator 30 1s manually operable by the clinician using
activation switch 31 to generate vibrations at the origin location. The vibrations are
propagated by the tubing and have a vibration signature. For example, the signature
may be defined by predetermined frequency and amplitude characteristics or
modulation of the vibrations. Vibration sensor 32 receives the propagated vibrations
at the destination location and generates a digital vibration signal representative of the
recerved vibrations.

[0018] Reference 1s now made to Fig. 3. The digital vibration signal from
vibration sensor 32 1s processed by signal processing circuitry to determine a trace
status of tubing line 16A between vibration generator 30 and vibration sensor 32. In
an embodiment of the present invention, the determined trace status 1s selected from a
status group consisting of a clear trace status corresponding to a successful trace
wherein a vibration signature of the received vibrations corresponds to an expected
vibration signature, a cross-over trace status indicating at least one cross-over exists,
and a null trace status indicating that the trace was unsuccessful (1.¢. the vibrations
were not received at the destination location). The cross-over trace status may include
a likely number of cross-overs.

[0019] In the present embodiment, the digital vibration signal 1s filtered by a

vibration data filter 46 to remove noise from the sampled signal. The filtered
-5 -
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vibration signal 1s sent to a cross-over detector 48 configured to analyze the vibration
signal with respect to the vibration signature and possible cross-over condition(s).
The signature analysis approach will depend on the nature of the vibration signature.
Performing frequency and peak amplitude measurement methods or averaging
amplitudes for selected frequencies and for selected signal portions are approaches
that may be used for vibration signature analysis. Cross-over conditions can be
determined by detecting a phase shift or by detecting various harmonics. Another
approach to cross-over detection 1s to integrate the signal values to compute the RMS
velocity or displacement over frequency and compare cross-over and non-cross over
values to establish cross-over detection parameters. Cross-over detector 48 may be
configured to simply determine whether or not a cross-over exits, or 1t may be
configured to determine a likely number of cross-overs existing along the traced
tubing.

[0020] The trace status information 1s forwarded by cross-over detector 48 to
indicator 34 (or display 24) for providing an indication of the determined trace status.
Figs. 4A-4C give 1llustrative examples of possible visual indications of trace status.
Fig. 4A shows a clear trace status indication using a color-coded icon 50. In the
example of Fig. 4A, the color green 1s used to indicate a clear trace status. Fig. 4B
shows a cross-over status indication wherein color-coded 1con 50 18 rendered orange
to indicate cross-over status, and a character display 52 1s provided to indicate a likely
number of cross-overs as determined by cross-over detector 48. Fig. 4C shows a
cross-over status indication wherein color-coded 1con 50 1s rendered blue to indicate a
null trace status (no successful trace). Of course, different colors and 1con shapes may
be used without straying from the present invention.

[0021] Attention 1s directed again to Fig. 1. In the description above, vibration
generator 30 1s removably attached to the infusion tubing line and vibration sensor 32
1s part of pump 18A. However, this arrangement may be reversed. A vibration
generator 40 1s provided on pump 18A to mtroduce vibrations at an origin location
adjacent a downstream end of pumping mechanism 20, and a vibration sensor 42 1s
removably attached to tubing line 17A at a destination location between the pump and
the patient. Vibration generator 40 may be activated by pressing one key or a
combination of keys 1n keypad 22. Alternatively, a dedicated activation switch may

be provided on the pump for activating vibration generator 40. Vibration sensor 42
-6 -
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includes an on-board indicator 44 and internal signal processing circuitry connected to
indicator 44. Again, a similar arrangement 1s associated with pump 18B.

[0022] The mechanism for removably attaching vibration generator 30 and
vibration sensor 42 to a tubing line at a selected location 1s subject to wide variation.
A spring-loaded clip or pinching mechanism may be used, as may any suitable
attachment means, including friction fit with no spring loading. The attachment
mechanism should be chosen so as not to interfere with vibrations being generated or
sensed, or with flow through the tubing.

[0023] As will be understood, 1f line 16A contacts line 16B and a line trace 1s
initiated from vibration generator 30 on line 16A, vibrations will be propagated not
only to vibration sensor 32 on first pump 18A, but also to vibration sensor 32 on
second pump 18B. As described above, a cross-over trace status will be determined
for line 16A. In accordance with the present invention, indicator 34 on second pump
18B may indicate that line 16B 1s 1n contact with line 16A 1n the cross-over. Indicator
34 on second pump 18B may indicate whether or not the vibration signature of the
recerved vibrations corresponds to an expected vibration signature associated with
vibration sensor 32 on second pump 18B, so the clinician knows that a “foreign” trace
vibration was received by second pump 18B. Similar logic may be provided in
removably attachable sensors 42. Thus, the cross-over may be located quickly and
the tubing lines organized to remove the cross-over.

0024] Fig. 2 shows system 10 1n an alternate configuration wherein the pump
vibration generator 40 sends vibrations to a vibration sensor 42 removably attached to
tubing line 16A between first source 14A and first pump 18A. Fig. 2 also shows a
vibration generator 30 removably attached to tubing line 17A between first pump 18A
and the patient for sending vibrations to vibration sensor 32 on first pump 18A.
Second pump 18B 1n Fig. 2 18 part of a sitmilar configuration. Of course, other
configurations are possible. For example, a removably attachable vibration generator
30 and a removably attachable vibration sensor 42 may be attached at different
locations along the same infusion line for communication with one another to trace
the tubing line between them. In another example, the pump 18A or 18B may have
two vibration generators 40, one upstream from pumping mechanism 20 and one
downstream from pumping mechanism 20, for communication with corresponding

vibrations sensors 42 located between the source and the pump and between the pump
-7 -
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and the patient, respectively. In yet another example, the pump 18A or 1¥B may have
two vibration sensors 32, one upstream from pumping mechanism 20 and one
downstream from pumping mechanism 20, for receiving vibrations from
corresponding vibrations generators 30 located between the source and the pump and
5 between the pump and the patient, respectively.
[0025] Embodiments of the present invention are described in detail herein,
however those skilled in the art will realize that modifications may be made. Such
modifications do not stray from the spirit and scope of the invention as defined by the

appended claims.

10 PARTS LIST
[0026] 10 Tracing system for infusion tubing
[0027] 12 Infusion pole
[0028] 14A First source of infusion liquid
[0029] 14B Second source of infusion liquid
15 [0030] 16A Tubing between first liquid source and first pump
[0031] 16B Tubing between second liquid source and second pump
[0032] 17A Tubing between first pump and patient
[0033] 17B Tubing between second pump and patient (or another patient)
[0034] 18A First infusion pump
20 [0035] 18B Second 1nfusion pump
[0036] 20 Pumping mechanism
[0037] 22 Keypad
[0038] 24 Display
[0039] 30 Vibration generator (removably attachable to tubing)
25 [0040] 31 Activation switch for vibration generator
[0041] 32 Vibration sensor (on pump)
[0042] 34 Indicator (on pump)
[0043] 40 Vibration generator (on pump)
[0044] 42 Vibration sensor (removably attachable to tubing)
30 [0045] 44 Indicator (on vibration sensor)
[0046] 46 Vibration data filter
[0047] 48 Cross-over detector

_8
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[0048] 50 Indicator color 1con
[0049] 52 Indicator character display
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WHAT IS CLAIMED IS:
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A system for tracing tubing which forms a conduit from a source of infusion
liquid to a patient by way of an infusion pump, the system comprising:

a vibration generator manually operable by a user to generate
vibrations at an origin location along the tubing, wherein the vibrations are
propagated by the tubing and have a vibration signature;

a vibration sensor arranged at a destination location along the tubing
for recerving the propagated vibrations and generating a digital vibration
signal representative of the received vibrations;

signal processing circuitry connected to the vibration sensor, wherein
the signal processing circuitry 1s configured to process and evaluate the digital
vibration signal to determine a trace status of the tubing between the vibration
generator and the vibration sensor; and

an 1ndicator connected to the signal processing circuitry, wherein the
indicator 1s configured to provide an audible or visual indication of the

determined trace status.

The system according to claim 1, wherein one of the vibration generator and
the vibration sensor 1s removably attachable to the tubing at a selected location
along the tubing, and the other of the vibration generator and the vibration

sensor 18 part of the pump.

The system according to claim 2, wherein the vibration generator 1s removably
attachable to the tubing at a sclected origin location along the tubing, and the

vibration sensor 1s part of the pump.

The system according to claim 3, wherein the indicator and the signal

processing circultry are part of the pump.

The system according to claim 3, wherein the selected origin location 1s

between the source of infusion liquid and the pump.

_ 10 -
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10.

11.

12.

13.

14.

The system according to claim 3, wherein the selected origin location 1s

between the patient and the pump.

The system according to claim 2, wherein the vibration generator 1s part of the
pump, and the vibration sensor 1s removably attachable to the tubing at a

selected destination location along the tubing.

The system according to claim 7, wherein the indicator and the signal
processing circultry are housed with the vibration sensor for removable

attachment to the tubing.

The system according to claim 7, wherein the selected destination location 1s

between the pump and the patient.

The system according to claim 7, wherein the selected destination location 1s

between the pump and the source of infusion liquad.

The system according to claim 1, wherein the vibration generator 1s removably
attachable to the tubing at a selected origin location along the tubing, and the
vibration sensor 1s removably attachable to the tubing at a sclected destination

location along the tubing.

The system according to claim 1, wherein the determined trace status 1s
selected from a status group consisting of a clear trace status, a cross-over

trace status, and a null trace status.

The system according to claim 12, wherein the signal processing circuitry 1s
configured to process and evaluate the digital vibration signal to determine a

likely number of cross-overs as part of the cross-over trace status.

A system for tracing first tubing which forms a conduit from a first source of
infusion liquid to a patient by way of a first infusion pump and second tubing
which forms a conduit from a second source of infusion liquid to the patient or

to another patient by way of a second infusion pump, the system comprising:
- 11 -
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15.

16.

17.

a vibration generator manually operable by a user to generate
vibrations at an origin location along the first tubing, wherein the vibrations
are propagated by the first tubing and have a vibration signature;

a vibration sensor arranged at a location along the second tubing,
wherein the vibrations are also propagated by the second tubing if there 1s a
cross-over between of the first tubing with the second tubing, the vibration
sensor receiving the vibrations propagated by the second tubing and
generating a digital vibration signal representative of the received vibrations;

an 1ndicator connected to the vibration sensor, the indicator being
configured to provide an audible or visual indication 1n response to the digital

vibration signal.

The system according to claim 14, further comprising signal processing
circuitry connected to the vibration sensor, wherein the signal processing
circuitry 18 configured to process and evaluate the digital vibration signal to
determine whether the vibration signature of the received vibrations

corresponds to an expected vibration signature.

The system according to claim 15, wherein the indication informs a user as to
whether or not the vibration signature of the received vibrations corresponds

to the expected vibration signature.

A method of tracing first tubing which forms a conduit from a source of
infusion liquid to a patient by way of a first infusion pump, the method
comprising the steps of:

arranging a vibration generator in engagement with the first tubing at
an origin location along the first tubing;

arranging a vibration sensor 1n engagement with the first tubing at a
destination location along the first tubing;

activating the vibration gencrator to cause the vibration generator to
generate vibrations at the origin location, wherein the vibrations are
propagated by the first tubing and have a vibration signature;

recerving the propagated vibrations at the vibration sensor;

- 12 -
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generating a digital vibration signal representative of the received
vibrations; and
determining a trace status of the first tubing between the vibration

generator and the vibration sensor based on the digital vibration signal.

The method according to claim 17, further comprising the step of indicating

the trace status to a user.

The method according to claim 17, wherein the determined trace status 1s
selected from a status group consisting of a clear trace status, a cross-over

trace status, and a null trace status.

The method according to claim 17, further comprising the steps of:

arranging a sccond vibration sensor 1n engagement with second tubing
assoclated with a second infusion pump;

recerving the vibrations at the second vibration sensor by way of
propagation by the first tubing and by the second tubing where a cross-over of
the first tubing with the second tubing exists; and

indicating the existence of the cross-over at the second pump.

The method according to claim 17, wherein the vibration generator 18 part of

the first infusion pump.

The method according to claim 17, wherein the vibration sensor 18 part of the

first infusion pump.
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