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

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date

20 January 2011 (20.01.2011) WO 2011/008621 Al

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
A61M 5/142 (2006.01) A61M 5/36 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

PCT/US20 10/0413 16 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(22) International Filing Date: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

! July 2010 (08.07.2010) NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(25) Filing Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every

(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,

61/225,1 66 13 July 2009 (13.07.2009) US GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(71) Applicant (for all designated States except US): TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
NESTEC S.A. [CH/CH]; Avenue Nestle 55, CH-1800 EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Vevey (CH). LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
(72) Inventors; and

GW, ML, MR, NE, SN, TD, TG).
(75) Inventors/Applicants (for US only): CUMMINGS,

David Charles [US/US]; 1305 Cherokee Drive, Richard Declarations under Rule 4.17:
son, Texas 75080 (US). MEYER, Russell Paul [US/US]; — as to the identity of the inventor (Rule 4.17(if)
3529 Cotillion Drive, Piano, Texas 75074 (US). NEL¬
SON, Andrew Peter [US/US]; 4174 Wilada Drive, Dal — as to applicant's entitlement to apply for and be granted
las, Texas 75220 (US). a patent (Rule 4.1 7(U))

(74) Agent: LOBEL, Gary M.; Nestle HealthCare Nutrition, — as to the applicant's entitlement to claim the priority of

12 Vreeland Road, 2nd Floor, Florham Park, New Jersey the earlier application (Rule 4.1 7(Hi))

07932 (US). Published:

(81) Designated States (unless otherwise indicated, for every — with international search report (Art. 21(3))
kind of national protection available): AE, AG, AL, AM,

(54) Title: INFRA-RED REFLECTIVE AIR-IN-LINE SENSOR SYSTEMS

F I G -

(57) Abstract: Air bubble sensor systems and methods of using the air bubble sensor systems are provided. In a general embodi
ment, the present disclosure provides a sensor system comprising a detection chamber (40) constructed and arranged for attaching
to a tube, and an infra-red reflective sensor comprising an infra-red light emitter (32) and an infra-red phototransistor receiver
(34). The infra-red reflective sensor and the infra-red phototransistor receiver are positioned at or near the detection chamber. The
infra-red light emitter can be a light emitting diode.



TITLE

INFRA-RED REFLECTIVE AIR-IN-LINE SENSOR SYSTEMS

BACKGROUND

[0001] The present disclosure generally relates to health and nutrition. More specifically,

the present disclosure relates to devices and methods for detecting air in the fluid path of fluid

pump systems.

[0002] The delivery of nutritional compositions to mammals, such as human patients,

that cannot orally ingest food or other forms of nutrition is often of critical importance. For

example, enteral bottles and containers having feeding tubes that deposit food directly into the

gastrointestinal tract at a point below the mouth are often used to sustain life while a patient is

unable, or refuses, to take food orally. Bottles and containers, feeding tubes and other artificial

delivery systems and routes can be used temporarily during the treatment of acute medical

conditions. For chronic medical conditions, such systems and routes can be used as part of a

treatment regimen that lasts for the remainder of a patient's life. No matter the duration of use,

these devices often provide the only means for feeding the patient.

[0003] The use of enteral feeding pumps, in conjunction with an enteral feeding tube set

as part of an enteral feeding system, for the administering of medical fluids is also well known in

the medical arts. The enteral feeding tube set will typically include several long sections of

tubing, connected to a centralized, shorter section of tubing that can be incorporated into a

pumping device. One common concern with the enteral feeding tube set is that it is undesirable

for large quantities of air to be provided with the enteral feeding solution. In enteral systems,

excessive air may irritate the digestive system of the patient and complicate other medical

conditions.

[0004] Any air within the enteral feeding tube set can also render the volumetric

calculations of the enteral feeding pump inaccurate. Having an unknown quantity of air passing

through the tube set causes the enteral feeding system to be unable to accurately determine the

actual amount of solution that has been delivered to the patient. As a result, over a period of



time, the excessive amounts of air passing through the enteral feeding system can cause

significant differences in the amount of enteral feeding solution the system indicates to be

delivered and the actual amount delivered to the patient.

SUMMARY

[0005] The present disclosure relates to air bubble sensor systems and methods of using

the air bubble sensor systems. In a general embodiment, the present disclosure provides a sensor

system including a detection chamber constructed and arranged for attaching to a tube, and an

infra-red reflective sensor including an infra-red light emitter and an infra-red phototransistor

receiver. The infra-red reflective sensor and the infra-red phototransistor receiver are positioned

adjacent to the detection chamber. The infra-red light emitter can be a light emitting diode.

[0006] The detection chamber can include a molded, plastic chamber constructed and

arranged to hold or receive a feeding tube. In an embodiment, at least a portion of the detection

chamber includes an infra-red transparent surface. The detection chamber can include a

transparent polyvinyl chloride material. In an embodiment, a portion of the detection chamber

includes an infra-red reflective surface. Each end of the detection chamber can be constructed

and arranged to attach to a tube. In an embodiment, a portion of the detection chamber has dark

pigments to absorb light. In an embodiment, a portion of the detection chamber has dark

pigments to absorb ambient light. In an embodiment, a portion of the detection chamber has

carbon black pigments to absorb light. In an embodiment, a portion of the detection chamber has

carbon black pigments to absorb ambient light. In an embodiment, the detection chamber has

dark pigments to absorb light. In an embodiment, the detection chamber has dark pigments to

absorb ambient light. In an embodiment, the detection chamber has carbon black pigments to

absorb light. In an embodiment, the detection chamber has carbon black pigments to absorb

ambient light.

[0007] In another embodiment, the present disclosure provides an air bubble sensor

system including 1) a cassette removably attachable to a pumping device with the cassette

including at least one feeding/flexible tube, 2) a detection chamber attached to the feeding tube

and attached to the cassette, and 3) an infra-red reflective sensor including an infra-red light



emitting diode and an infra-red phototransistor receiver. The infra-red reflective sensor is

positioned at or near the detection chamber.

[0008] A portion of the detection chamber can include an infra-red reflective surface. In

an alternative embodiment, a portion of the cassette at or near the detection chamber includes an

infra-red reflective surface. The detection chamber can be in the form of molded, plastic

chamber constructed and arranged to hold the feeding tube. The pumping device can be an

enteral feeding pump.

[0009] In an alternative embodiment, the present disclosure provides an air bubble sensor

system including 1) an enteral feeding pump including an infra-red reflective sensor having an

infra-red light emitting diode and an infra-red phototransistor receiver, 2) a cassette removably

attached to the enteral feeding pump, the cassette including at least one feeding/flexible tube, and

3) a detection chamber attached to the removable cassette and the feeding tube, the infra-red

reflective sensor being positioned at or near the detection chamber.

[0010] A portion of the detection chamber can include an infra-red reflective surface. In

another embodiment, a portion of the cassette at or near the detection chamber includes an infra

red reflective surface. The infra-red reflective light emitting diode and the infra-red

phototransistor receiver can be positioned on the same side within the enteral feeding pump.

[0011] In yet another embodiment, the present disclosure provides a method of detecting

air bubbles in a tubing for an enteral feeding system. The method comprises providing an air

bubble sensing system including 1) a detection chamber constructed and arranged for attaching

to a feeding tube, 2) an infra-red reflective sensor including an infra-red light emitting diode, and

3) an infra-red phototransistor receiver, the infra-red reflective sensor and the infra-red

phototransistor receiver positioned at or near the detection chamber. The method further

includes attaching the detection chamber to a feeding tube, and detecting an air bubble within the

detection chamber by transmitting an infra-red light into the detecting chamber and detecting

reflected infra-red light using the infra-red phototransistor receiver.

[0012] An advantage of the present disclosure is to provide an improved in-line sensor

for detecting air bubbles in a tubing set.

[0013] Another advantage of the present disclosure is to provide an improved method for

detecting air bubbles in a tubing set for enteral feeding.



[0014] Yet another advantage of the present disclosure is to provide an improved sensor

for detecting air bubbles that is cost-effective.

[0015] Still another advantage of the present disclosure is to provide an improved sensor

for detecting air bubbles that is simple to operate.

[0016] Additional features and advantages are described herein, and will be apparent

from the following Detailed Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0017] FIG. 1 shows a pumping device and cassette having a sensor system in an

embodiment of the present disclosure.

[0018] FIG. 2 shows the pumping device and the cassette of FIG. 1 with the cassette

inserted into the pumping device.

[0019] FIG. 3 shows a detection chamber in an embodiment of the present disclosure.

[0020] FIG. 4 shows an infra-red reflective sensor using the detection chamber of FIG. 3

in another embodiment of the present disclosure.

DETAILED DESCRIPTION

[0021] The present disclosure relates to air bubble sensor systems and methods of using

the air bubble sensor systems. The air bubble sensor systems utilize infra-red technology and

can be incorporated in pumping devices. The pumping device can be part of an enteral

administration device or system that administers nutritional compositions to a person or patient

in need of same.

[0022] As used herein, the term "nutritional composition" includes, but is not limited to,

complete nutritional compositions, partial or incomplete nutritional compositions, and disease or

condition specific nutritional compositions. A complete nutritional composition (i.e. those which

contain all the essential macro and micro nutrients) can be used as a sole source of nutrition for

the patient. Patients can receive 100% of their nutritional requirements from such complete

nutritional composition. A partial or incomplete nutritional composition does not contain all the



essential macro and micro nutrients and cannot be used as a sole source of nutrition for the

patient. Partial or incomplete nutritional compositions can be used as nutritional supplements.

[0023] A disease or condition specific nutritional composition is a composition that

delivers nutrients or pharmaceuticals and can be a complete or partial nutritional composition.

Disease or condition specific nutritional compositions are those designed to aid with a given

situation, such as Impact® sold by Nestle Nutrition to decrease post-operative infections,

Diabetisource AC® sold by Nestle Nutrition for people with diabetes or hyperglycemia, and

Novasource® Pulmonary sold by Nestle Nutrition for those patients with pulmonary disease or

those requiring ventilator support.

[0024] As illustrated in FIGS. 1-2, in an embodiment, the present disclosure provides an

air bubble sensor system 10 including a cassette 20 removably attachable to a pumping device

30. Pumping device 30 can include an infra-red sensor system 3 1 having an infra-red reflective

light emitting diode 32 and an infra-red phototransistor receiver 34 positioned as part of the air

bubble sensor system within an inner section of pumping device 30. Infra-red light emitter 32

can be a light emitting diode.

[0025] Cassette 20 further includes a detection chamber 40 as part of the air bubble

sensor system. Details of detection chamber 40 are shown in FIG. 3 . Infra-red reflective light

emitting diode 32 and infra-red phototransistor receiver 34 can be positioned to lay side-by-side

and along the length of detection chamber 40 as illustrated in FIG. 1.

[0026] Pumping device 30 can be an enteral feeding pump. Non-limiting examples of

pumping devices are described in U.S. Patent No. 6,659,976, which is incorporated herein by

reference. Pumping device 30 can include a monitor/information screen 36 and a control pad 38

for operating pumping device 30. Monitor/information screen 36 and control pad 38 can also be

used in conjunction with the air bubble sensor system in embodiments of the present disclosure.

Pumping device 30 can further include a power button 50 and a release mechanism 52 for

releasing cassette 20 from pumping device 30.

[0027] Cassette 20 can include a housing or support structure having any suitable shape

such as the one shown in FIG. 1. Cassette 20 can be design to be inserted partially or wholly

within pumping device 30 as seen in FIG. 2 . The design of cassette 20 can help in loading an

enteral feeding tube set into pumping device 30 without having to route/guide the tubes or stretch



the tubes from the tube set over a rotor (e.g. part of a peristaltic pump) contained within pumping

device 30. Non- limiting examples of alternative cassette configurations are described in U.S.

Patent Nos. D504,506, D505,199, D455,489, D501.924 and D507,647, which are incorporated

herein by reference. Cassette 20 can be made from any suitable rigid, semi-rigid or flexible

material. Cassette 20 can also have a dark pigment added to its material. Cassette 20 can also

have a carbon black pigment added to its material. Cassette 20 can also be designed such that it

can be inserted into pumping device 30 only one way.

[0028] As seen in FIG. 1, cassette 20 includes a tube 22 attached to detection chamber 40

at a first end 24. Tube 22 can be flexible and have portions that are rigid or semi-rigid. Tube 22

can be a feeding tube and be constructed and arranged to be incorporated with the rotors of a

pump (e.g. peristaltic pump) in pumping device 30.

[0029] Detection chamber 40 can be attached to a tube 60 leading away from cassette 20.

Tube 22 can further include a second end 26 attached to a tube 62 leading away from cassette 20.

As a result, fluid can flow through tube 22 in the direction from first end 24 to second end 26.

Tube 60 can be connected to a nutritional composition source. Tube 62 can be connected to the

person receiving the nutrition composition.

[0030] As illustrated in FIGS. 3-4, detection chamber 40 can have an elongated body

including a first end 42 configured to be removably attachable to tube 60 and a second end 44

configured to be removably attachable to first end 24 of tube 22. It should be appreciated that

detection chamber 40 can also be integrally attached (e.g. as a single piece) with tube 22 and/or

tube 60.

[0031] Detection chamber 40 can further include a window 46 to allow infra-red light or

energy from infra-red reflective sensor 31 to pass through. Window 46 can be made from any

suitable optically clear material that allows infra-red light from infra-red reflective sensor 31 to

pass. From their position in pumping device 30 (see FIG. 1), infra-red light emitter 32 and infr a

red phototransistor receiver 34 are positioned at or near window 46 when cassette 20 is inserted

into detection chamber 30. In an embodiment, infra-red reflective light emitting diode 32 and

infra-red phototransistor receiver 34 can be in a stacked position along the height of detection

chamber 40 as illustrated in FIG. 4 .



[0032] Detection chamber 40 can be made from a molded, plastic chamber constructed

and arranged to hold a tube on each end. For example, detection chamber 40 can be made from a

transparent polyvinyl chloride material. In an embodiment, detection chamber 40 can be made

from a polyvinyl chloride material, with a dark pigment added. In an embodiment, detection

chamber 40 can be made from a polyvinyl chloride material, with a carbon black pigment added.

In addition to window 46, any portion of detection chamber 40 can include an infra-red

transparent surface or a solid surface to prevent transmission of infra-red light. In an

embodiment, a portion of the detection chamber has dark pigments to absorb light. In an

embodiment, a portion of the detection chamber has dark pigments to absorb ambient light. In an

embodiment, a portion of the detection chamber has carbon black pigments to absorb light. In an

embodiment, a portion of the detection chamber has carbon black pigments to absorb ambient

light. In an embodiment, the detection chamber has dark pigments to absorb light. In an

embodiment, the detection chamber has dark pigments to absorb ambient light. In an

embodiment, the detection chamber has carbon black pigments to absorb light. In an

embodiment, the detection chamber has carbon black pigments to absorb ambient light.

[0033] In an embodiment, an infra-red reflective surface 60 can be positioned behind

window 46 to reflect infra-red light back to be detected by infra-red phototransistor receiver 34.

Infra-red reflective surface 60 can be any suitable reflective surface such as a white paper or

metallic surface. Infra-red reflective surface 60 can be incorporated as part of detection chamber

40. Alternatively, infra-red reflective surface 60 can be incorporated as part of cassette 20 at a

location behind window 46 or an inner section of pumping device 30 at a location behind

window 46 when cassette 20 is inserted into pumping device 30.

[0034] In an alternative embodiment, detection chamber 40 includes a second window 48

that assists in reflecting infra-red light back to the infra-red reflective sensor. Although window

48 is shown parallel to window 46 in FIG. 4, window 48 can be varied at any suitable angle to

optimize the reflection of the infra-red light.

[0035] During operation, a nutritional composition passes through detection chamber 40

and through tube 22 to be administered to a person. Infra-red light emitter 32 emits an infra-red

light that passes through window 46 and through the nutritional composition where it reflects off

infra-red reflective surface 60. The strength of the reflected infra-red light can be monitored



using infra-red phototransistor receiver 34. If there are changes to the strength of the infra-red

signal, this can indicate that a discrepancy such as air bubbles appears within the nutritional

composition. The strength of the reflected infra-red light or energy can vary depending on the

contents of the nutritional composition and can be properly calibrated in view of same.

[0036] In another embodiment, detection chamber 40 can include an infra-red blocking

material (not shown) to prevent the infra-red light from entering the chamber at an angle which

interferes with the reflection signal. The infra-red blocking material can be any suitable material

such as a black tape or a solid surface that prevents the transmission of infra-red light. The infra

red blocking material can be incorporated as part of detection chamber 40 at any suitable

location.

[0037] Infra-red sensor system 31 can be any suitable infra-red sensor system having an

infra-red emitting and detection device. Non- limiting examples of infra-red sensor system 3 1

include infra-red sensors developed under the QRD series by Fairchild Semiconductor. Infra-red

light emitter 32 and infra-red phototransistor receiver 34 can be supported or positioned on a

support 56 (e.g. within pumping device 30). If support 56 is used, it should be made of a suitable

optically clear material that allows infra-red light to pass (e.g. polycarbonate).

[0038] Infra-red light emitter 32 and infra-red phototransistor receiver 34 can be

positioned in an suitable manner with respect to window 46 of detection chamber 40 and with

respect to each other so that a desired amount of the infra-red light sent out by infra-red light

emitter 32 and reflected in detection chamber 40 is detected by infra-red phototransistor receiver

34. Infra-red light emitter 32 and infra-red phototransistor receiver 34 can be placed next to

detection chamber 40 in contact with window 46 or spaced apart a suitable distance ("D") from

window 46 to optimize the infra-red light emission and detection. Infra-red light emitter 32 and

infra-red phototransistor receiver 34 can be placed side-by-side in contact with each other or

spaced apart.

[0039] In an alternative embodiment, the present disclosure provides a cassette that

incorporates an infra-red reflective sensor including an infra-red light emitter and an infra-red

phototransistor receiver. In this regard, the pumping device does not house the infra-red

reflective sensor. However, the infra-red reflective sensor on the cassette can be constructed and



arranged to interact with the pumping device so that the results of the infra-red reflective sensor

can be displayed on a monitor of the pumping device.

[0040] In yet another embodiment, the present disclosure provides a method of detecting

air bubbles in a tubing for an enteral feeding system. The method comprises providing an air

bubble sensing system including 1) a detection chamber constructed and arranged for attaching

to a feeding tube, 2) an infra-red reflective sensor including an infra-red light emitting diode, and

3) an infra-red phototransistor receiver, the infra-red reflective sensor and the infra-red

phototransistor receiver positioned at or near the detection chamber. The detection chamber and

the feeding tube can be incorporated as part of a cassette that can be attached to a pumping

device.

[0041] The method further comprises attaching the detection chamber to a feeding tube,

and detecting an air bubble within the detection chamber by transmitting an infra-red light into

the detecting chamber and detecting reflected infra-red light using the infra-red phototransistor

receiver. If air bubbles are detected in the detection chamber, the pumping device can be

stopped, for example, during an enteral feeding cycle.

[0042] It should be understood that various changes and modifications to the presently

preferred embodiments described herein will be apparent to those skilled in the art. Such

changes and modifications can be made without departing from the spirit and scope of the

present subject matter and without diminishing its intended advantages. It is therefore intended

that such changes and modifications be covered by the appended claims.



CLAIMS

The invention is claimed as follows:

1. A sensor system comprising:

a detection chamber so constructed and arranged for receiving a portion of a tube;

an infra-red reflective sensor comprising an infra-red light emitter and an infra

red phototransistor receiver, the infra-red reflective sensor being positioned so that an infra-red

light can be transmitted to the detection chamber and detected by the infra-red phototransistor

receiver.

2 . The sensor system of Claim 1, wherein the infra-red light emitter is a light

emitting diode.

3 . The sensor system of Claim 1, wherein the detection chamber comprises a

window for allowing infra-red light transmission and the infra-red reflective sensor is positioned

by the window.

4 . The sensor system of Claim 1, wherein the detection chamber comprises a

molded, plastic chamber so constructed and arranged to hold a feeding tube.

5 . The sensor system of Claim 1, wherein at least a portion of the detection chamber

comprises an infra-red transparent surface.

6 . The sensor system of Claim 1, wherein the detection chamber comprises a

transparent polyvinyl chloride material.

7 . The sensor system of Claim 1, wherein at least a portion of the detection chamber

comprises an infra-red reflective surface.



8. The sensor system of Claim 1, wherein each end of the detection chamber is so

constructed and arranged to attach to a tube.

9 . An air bubble sensor system comprising:

a cassette removably attachable to a pumping device, the cassette comprising at

least one feeding tube;

a detection chamber attached to the feeding tube and attached to the cassette;

an infra-red reflective sensor comprising an infra-red light emitting diode and an

infra-red phototransistor receiver, the infra-red reflective sensor being positioned so that an infra

red light can be transmitted to the detection chamber and detected by the infra-red

phototransistor receiver.

10. The air bubble sensor system of Claim 9, wherein at least a portion of the

detection chamber comprises an infra-red reflective surface.

11. The air bubble sensor system of Claim 9, wherein at least a portion of the cassette

by the detection chamber comprises an infra-red reflective surface.

12. The air bubble sensor system of Claim 9, wherein the detection chamber

comprises a molded, plastic chamber so constructed and arranged to hold the feeding tube.

13. The air bubble sensor system of Claim 9, wherein the pumping device is an

enteral feeding pump.



14. An air bubble sensor system comprising:

an enteral feeding pump comprising an infra-red reflective sensor having an infra

red light emitting diode and an infra-red phototransistor receiver;

a cassette removably attached to the enteral feeding pump, the cassette comprising

at least one feeding tube; and

a detection chamber attached to the removable cassette and the feeding tube, the

infra-red reflective sensor being positioned so that an infra-red light can be transmitted to the

detection chamber and detected by the infra-red phototransistor receiver.

15. The air bubble sensor system of Claim 14, wherein at least a portion of the

detection chamber comprises an infra-red reflective surface.

16. The air bubble sensor system of Claim 14, wherein at least a portion of the

cassette by the detection chamber comprises an infra-red reflective surface.

17. The air bubble sensor system of Claim 14, wherein the infra-red reflective light

emitting diode and the infra-red phototransistor receiver are positioned on the same side within

the enteral feeding pump.

18. A method of detecting air bubbles in a tubing for an enteral feeding system, the

method comprising:

attaching a detection chamber to a feeding tube; and

detecting an air bubble within the detection chamber by transmitting an infra-red

light into the detecting chamber and detecting reflected infra-red light using the infra-red

phototransistor receiver.

19. The method of Claim 18, wherein the detection chamber and the feeding tube are

incorporated as part of a cassette that can be attached to a pumping device.



20. The method of Claim 18, wherein an enteral feeding cycle is stopped if air

bubbles are detected in the detection chamber.
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