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1
DEVICE AND METHOD FOR DETECTING
FLATUS

TECHNICAL FIELD

The present disclosure relates to a device and method for
detecting flatus.

BACKGROUND

The passing of “first flatus™ is a common medical indi-
cator that helps surgeons decide when to begin feeding
patients who have undergone abdominal procedures.
Patients with a history of prior intestinal resection, perfora-
tion or abscess with sepsis, short gut, or intestinal hypomo-
tility disorders, are typically not eligible to resume feeding
until the passing of “first flatus™ for safety reasons. Addi-
tionally, patients that have undergone complicated non-
elective (emergency) abdominal procedures, suffer from
cognitive impairments, or are at high risk of developing
aspiration pneumonia, are also not eligible to resume feed-
ing until the passing of “first flatus”. For patients with prior
intestinal resection or those that have undergone abdominal
procedures (and are not trustworthy historians e.g. young
children, demented patients, and the like), determining if a
patient has passed “first flatus” is very important. However,
it may be difficult for a clinician to determine when “first
flatus” has passed and when to initiate feeding.

Feeding some patients too early can result in life-threat-
ening complications leading to death, or dramatically
lengthened hospital stays. Waiting too long to feed some
patients can also increase the length of a hospital stay.
Through determination of whether and when a patient has
passed “first flatus”, a more efficient and efficacious patient
recovery plan may be implemented.

Bowel motility can be determined by placing a stetho-
scope on a patient’s abdomen and listening for indications of
motility. However, such a determination is not a reliable
means of determining whether or not there is normal bowel
motility, or whether an obstruction in the intestines is
present.

The percent of carbon dioxide in flatus is about 5-80% and
usually about 10-30% (Calloway, D. H. (1968). Gas in the
alimentary canal; in Handbook of Physiology (ed. C. F.
Code), section 6, volume 5, chapter 137, page 2839, Wash-
ington D.C.: American Physiological Society). Flatus typi-
cally contains higher concentrations of carbon dioxide than
what is in the atmosphere, and almost always contains
hydrogen gas that is in significantly higher concentrations
than what is in the atmosphere. As such, when carbon
dioxide is detected by the carbon dioxide detector at con-
centrations significantly higher than that of atmospheric
levels, then the passing of flatus is deemed to have occurred.
The passing of flatus has been be determined using a carbon
dioxide detector (Yukioka H. et al., Br J Anaesth, 1987,
59(5): 581-584). However, the particular carbon dioxide
detector disclosed by Yukioka et al. is not a practical
inexpensive device capable of detecting flatus on a routine
basis in a hospital, nursing home, or community setting.

SUMMARY

The present disclosure relates to a device adapted for
detecting a passing of flatus.

It is an object of the present disclosure to provide a device
for detecting a passing of flatus in a patient or a subject. The
device may be used to detect the passing of flatus in a patient
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or subject who is not a reliable historian, for example, a
patient suffering from dementia or delirium, a young child,
a paralyzed or sedated patient, and the like. The device may
be used to assist health care professionals to determine
whether a patient or subject has recovered adequate bowel
motility.

The present disclosure provides a device for detecting a
passing of flatus by a patient. The device comprises a sleeve
having a first porous gas-permeable surface and a second
surface attached to the first porous gas-permeable surface
defining a pocket within the sleeve. A flatus detector is
inserted within the pocket of the sleeve and positioned
between the first porous gas-permeable surface and the
second surface. The porous gas-permeable surface device
may be a hypoallergenic mesh.

The present disclosure also describes the device as
defined above, where the sleeve further comprises a fastener
attached to the sleeve. The fastener may be used to attach the
sleeve to a garment using any suitable fastening mechanism,
for example, one or more clips, one or more snaps, one or
more patches or strips of hook and loop fasteners, a zipper,
or an adhesive applied to a portion or all of the first porous
gas-permeable surface, the adhesive for attaching the sleeve
to a patient.

The flatus detector used in the device as described above
may be a dry-surface flatus detector comprising an indicat-
ing solution that is dried onto, embedded into, or applied
onto a carrier substrate, the indicating solution undergoing
an irreversible colour change in the presence of increased
concentrations of a target gas, for example, increased carbon
dioxide gas, methane gas, hydrogen gas, or a combination of
carbon dioxide gas, methane gas, and hydrogen gas. The
dried indicating solution may be pH-sensitive, for example
the dried pH-sensitive indicating solution may be Bordeaux.
The flatus detector may be a chemiresistor or a near field
communication tag. If the flatus detector is a near field
communication (NFC) tag, then the NFC may include
chemi-responsive nano-materials integrated into the cir-
cuitry of the near field communication tag for the detection
of flatus.

The present disclosure also provides a device as defined
above, wherein the device is a garment and the sleeve is
attached to an inner lining of the garment via the fastener.
For example, the garment may be a diaper.

Also described is a device as defined above, wherein the
device is a diaper, and the sleeve comprising the flatus
detector is incorporated into the diaper so that at least a
portion of an inner lining of the diaper is the first porous
gas-permeable surface, and the second surface of the sleeve
is located between the inner lining and an outer lining of the
diaper, or the second surface of the sleeve is a portion of the
outer lining of the diaper. Alternatively, the second surface
may be a portion of the outer lining of the diaper, and the
second surface may comprise a transparent window. The
flatus detector may be placed between the transparent win-
dow of the second surface and at least the portion of the
inner lining of the diaper that is the first porous gas-
permeable surface. With this arrangement, when the flatus
detector is inserted into the sleeve, the flatus detector is
visible through the transparent window.

The present disclosure further describes a device, wherein
the device is a diaper as described above, and the second
surface is a portion of the outer lining. The second surface
may further comprise a transparent window, the flatus detec-
tor may be inserted between the transparent window of the
second surface and at least the portion of the inner lining of
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the diaper that is the first porous gas-permeable surface.
With this arrangement, the flatus detector is visible through
the transparent window.

The present disclosure also provides the device, wherein
the device is a diaper as defined above, and the portion of the
inner lining of the diaper that is the first porous gas-
permeable surface is further coupled to a gas-permeable
hydrophobic layer.

The present disclosure also provides a method of detect-
ing a passing of flatus by a patient comprising,

(a) positioning the device as described above over an anus
of the patient, such that the flatus detector covers the anus;
and

(b) monitoring the device to determine if the flatus
detector indicates levels of a targeted gas that is greater than
atmospheric levels of the targeted gas.

Also provided is device for detecting a passing of flatus by
a patient comprising, a capsule comprising a perforated
shell, the shell covered with a discontinuous biocompatible
coating comprising perforations, or a continuous gas-per-
meable biocompatible coating, and a flatus detector inserted
within the shell.

A method of detecting a passing of flatus by a patient
using the device comprising a capsule as described above,
comprises:

(a) positioning the capsule within a bowel or intestinal
tract of the patient; and

(b) monitoring the device to determine if the flatus
detector indicates changes in the levels of a gas that is
greater or less than a baseline level of the gas within the
bowel or intestinal tract. The change in the level or amount
of gas that may be detected may be a rapid change, for
example a change in the level or amount of gas taking place
within about 1-120 seconds, or any amount therebetween.

The device as described above may be used for detecting
flatus in a patient or a subject, especially a patient or subject
who is not reliable historian. Patients or subjects who are not
reliable historians include those who suffer from dementia or
delirium, young children, paralyzed or sedated patients, and
the like. The device as described above comprising the flatus
detector may be used to assist health care professionals to
determine whether a patient or subject has recovered
adequate bowel motility.

This summary does not necessarily describe the entire
scope of all aspects of the disclosure. Other aspects, features
and advantages will be apparent to those of ordinary skill in
the art upon review of the following description of specific
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will become
more apparent from the following description in which
reference is made to the appended drawings wherein:

FIGS. 1A and 1B show a sleeve of the device in accor-
dance with an embodiment of the present invention. FIG. 1A
shows a side view of the sleeve with a first porous gas-
permeable surface 20, a second surface 30, a pocket or
sleeve opening 50, and a flatus detector 40 (outlined in a
dashed line) inserted within the sleeve. FIG. 1B shows a
front end view of the sleeve with the first porous gas-
permeable surface 20, the second surface 30, and the pocket
or sleeve opening 50.

FIG. 2 shows a side view of the sleeve of the device in
accordance with an embodiment of the present invention.
The sleeve comprises a first porous gas-permeable surface
20, a second surface 30, a pocket or sleeve opening 50, a
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flatus detector 40 (outlined in a dashed line) inserted within
the sleeve, and in a non-limiting example a fastener or
attachment device 70 that can be used to attach the sleeve to
a garment as described herein.

FIGS. 3A and 3B show a sleeve of the device in accor-
dance with an embodiment of the present invention. FIG. 3A
shows a side view of the sleeve with a first porous gas-
permeable surface 20, a second surface 30, a gas-imperme-
able covering 60, a pocket or sleeve opening 50, for receiv-
ing a flatus detector inserted within the sleeve. FIG. 3B
shows a front end view of the sleeve with the first porous
gas-permeable surface 20, the second surface 30, the gas-
impermeable layer 60, and the pocket or sleeve opening 50.
FIG. 3C shows a top plan view of a diaper 210 with a sleeve
10 according to an embodiment of the present invention.
FIG. 3D shows a cross section of the diaper of FIG. 3C.

FIGS. 4a and 4B show an alternate device in accordance
with an embodiment of the present invention. FIG. 4A
shows a side view of a flatus detector comprising a capsule
100 housing a detector 120. The shell 110 of the capsule may
be perforated 130. FIG. 4B shows a cross sectional view of
the flatus detector of FIG. 4A, and shows two variants for the
coating of the capsule. The right hand side of FIG. 4B shows
a shell 110 of capsule 100 with perforations 130 that pass
through the shell 110 and the coating 130. The left hand side
of FIG. 4B shows a shell 110 comprising perforations 130
that pass through the shell 110, but the perforations do not
pass through the coating 150. Coating 150 is permeable to
one of target gasses and provides a continuous layer over the
capsule 100.

DETAILED DESCRIPTION

The present disclosure relates to a device and method for
detecting a passing of flatus. The device may be termed “a
flatus detector”.

Directional terms such as “top,” “bottom,” “upwards,”
“downwards,” “vertically,” and “laterally” are used in the
following description for the purpose of providing relative
reference only, and are not intended to suggest any limita-
tions on how any article is to be positioned during use, or to
be mounted in an assembly or relative to an environment.
The use of the word “a” or “an” when used herein in
conjunction with the term “comprising” may mean “one,”
but it is also consistent with the meaning of “one or more,”
“at least one” and “one or more than one.” Any element
expressed in the singular form also encompasses its plural
form. Any element expressed in the plural form also encom-
passes its singular form. The term “plurality” as used herein
means more than one, for example, two or more, three or
more, four or more, and the like.

As used herein, the term “about” refers to an approxi-
mately +/-10% variation from a given value. It is to be
understood that such a variation is always included in any
given value provided herein, whether or not it is specifically
referred to.

As used herein, the terms “comprising,” “having,”
“including,” and “containing,” and grammatical variations
thereof, are inclusive or open-ended and do not exclude
additional, unrecited elements and/or method steps. The
term “consisting essentially of” when used herein in con-
nection with a composition, use or method, denotes that
additional elements, method steps or both additional ele-
ments and method steps may be present, but that these
additions do not materially affect the manner in which the
recited composition, method or use functions. The term
“consisting of” when used herein in connection with a
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composition, use or method, excludes the presence of addi-
tional elements and/or method steps.

The composition of flatus, or intestinal gas, includes
predominantly is the a byproduct of bacterial fermentation in
the gastrointestinal tract. The majority of the volume of
flatus is comprised of oxygen, nitrogen, carbon dioxide,
hydrogen and methane gasses, and hydrogen; carbon diox-
ide and methane are usually the predominate gasses on a per
volume basis. Additional compounds present in flatus
include benzopyrrole volatiles indole and skatole, ammonia,
short chain fatty acids and volatile sulfur compounds, such
as hydrogen sulfide (H,S), methyl mercaptan, methanethiol,
dimethyl sulfide (DMS), dimethyl disulfide (DMDS) and
dimethyl! trisulfide (DMTS). Collectively these gases and
potentially others may be referred to herein as flatus, a target
gas, as compounds that comprise flatus, or as components of
flatus.

Any of the compounds that comprise flatus, for example,
oxygen, nitrogen, carbon dioxide, hydrogen, methane, vola-
tile sulfur compounds, ammonia, indole, skatole, and short
chain fatty acids, either alone, or in combination, may be
detected using the flatus detector as described herein. Simi-
larly, any of the compounds that comprise flatus, for
example, oxygen, nitrogen, carbon dioxide, hydrogen, meth-
ane, volatile sulfur compounds, ammonia, indole, skatole,
and short chain fatty acids, either alone, or in combination,
may be used to determine a passing of flatus using the
methods as described herein.

Flatus Detector

With reference to FIGS. 1A and 1B, the present disclosure
provides a device for detecting a passing of flatus by a
patient. The device comprises a sleeve 10, comprising a first
porous gas-permeable surface 20 and a second surface 30
attached to the first porous gas-permeable surface 20 to
define a pocket 50 within the sleeve 10. A flatus detector 40
may be inserted within the pocket 50 of the sleeve 10 and
positioned between the first porous gas-permeable surface
20 and the second surface 30.

In a non-limiting example, the flatus detector may be a
colour non-reversible dry-surface carbon dioxide detector (a
“non-reversible detector”). The non-reversible detector may
be used to detect carbon dioxide gas during the passing of
flatus from a patient or subject. However, it is to be under-
stood that the flatus detector may include one or more than
one chemical reagents or sensors to determine other gasses
that may be present in flatus, for example, but not limited to
carbon dioxide, hydrogen, methane, volatile sulfur com-
pounds (such as hydrogen sulfide, methyl mercaptan, meth-
anethiol, dimethyl sulfide, dimethyl disulfide, dimethyl
trisulfide), ammonia, indole, skatole, and short chain fatty
acids, either alone, or in combination, during the passing of
flatus from a patient or subject.

The “non-reversible detector” disclosed herein is intended
to detect an incidence of flatus passage (for example but not
limited to a “first flatus” of a patient or subject after an
abdominal procedure). In the following example, flatus is
detected by determining carbon dioxide, however, determi-
nation of this gas is provided as an example and is not to be
considered limiting as other gasses, as noted above, that are
present in flatus may also be determined either alone or in
combination. The detector may comprise: (i) an “indicator”,
for example but not limited to, a dried carbon dioxide
indicating solution; and (ii) a carrier substrate onto which
the indicator is embedded or applied. The carrier substrate
may be flexible or inflexible. Preferably, the carrier substrate
is resilient and partially, or semi-flexible.
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The indicator, for example, the dried carbon dioxide
indicating solution may maintain a first colour in the pres-
ence of ambient atmospheric carbon dioxide concentrations
and at least a second colour in the presence of increased
carbon dioxide concentrations. In the presence of increased
carbon dioxide concentrations, the indicator undergoes an
irreversible colour change. Specifically, a change from the
first colour to at least the second colour of the indicator
indicates an increase in carbon dioxide gas concentrations
surrounding the non-reversible detector, above ambient
atmospheric carbon dioxide concentrations.

Therefore, the indicator may be monitored to determine if
there has been a change in the levels of a gas that is greater
or less than a baseline level of the gas within the bowel or
intestinal tract. The change in the level or amount of gas that
is detected may be a rapid change, for example a change
taking place within about 1-120 seconds, or any amount
therebetween, for example, a change in the level or amount
of gas taking place within about 1, 2, 4, 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 45, 60, 75, 90,
105, 120 seconds or any amount therebetween.

As the non-reversible detector is designed to detect an
incidence of flatus passage, the colour of indicator in the
non-reversible detector does not revert to the first colour
even if, over time, the carbon dioxide concentration in the
vicinity around the detector returns to ambient atmospheric
carbon dioxide concentrations. In order to avoid “false
positive” results, the indicator should have a relatively high
humidity resistance, and should not change colour for 1 to
48 hours, or any time therebetween when exposed to ambi-
ent atmospheric carbon dioxide concentrations. For example
the indicator should not change colour for 1, 2, 3, 4, 5, 6, 7,
8,9,10,12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,
40, 42, 46 and 48 hours, or any time therebetween after
exposed to ambient atmospheric carbon dioxide concentra-
tions. For example, the indicator should not change colour
for at least 5-48 hours, 10-48 hours, 20-48 hours, 30-48
hours, and preferably the indicator does not change colour at
all, when exposed to ambient atmospheric carbon dioxide
concentrations.

As contemplated in this embodiment, the indicator of the
non-reversible detector is a pH-sensitive chemical indicator.
The indicator detects an increase in carbon dioxide concen-
trations when carbon dioxide gas from flatus is present at a
concentration that is greater than a pre-determined carbon
dioxide concentration threshold, and when the carbon diox-
ide contacts the indicator. The carbon dioxide chemically
reacts with the indicator, alters the pH of the indicator and
causes a change in the colour of the indicator. The pre-
determined carbon dioxide concentration threshold may be
greater than 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16, 18, 20,
22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52,
54, 56, 58, 60, 62, 64, 66, 68,70, 72,74, 76, 78, 80%, carbon
dioxide, or any amount therebetween. The sensitivity of the
indicator to detect a predetermined carbon dioxide concen-
tration, may be calibrated to produce a desired sensitivity, as
would be known to one of skill in the art.

Similarly, pH sensitive indicator may detect an increase in
one or more other gasses present in flatus that may modify
the pH of the pH sensitive indicator in addition to carbon
dioxide, for example ammonia gas, hydrogen sulfide, or
other component of flatus that may result in a pH change of
the pH sensitive indicator. The sensitivity of the indicator to
detect a predetermined concentration of the one or more than
one gas present in flatus, may be calibrated to produce a
desired sensitivity, as would be known to one of skill in the
art.
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There are various examples in the prior art of colour
non-reversible pH-sensitive chemical indicators that may be
used for detecting changes in carbon dioxide concentrations,
or changes in other gasses present in flatus. As described in
U.S. Pat. No. 6,589,761 (which is incorporated herein by
reference), colour non-reversible pH-sensitive chemical
indicators include Amaranth (red to colorless), Bordeaux
(faint pink to yellow/green), Brilliant Ponceaux (orange to
colorless), and Napthol Blue Black (green to faint pink). As
a non-limiting example, the indicator is preferably Bor-
deaux.

U.S. Pub. No. 2006/0216828 (which is incorporated
herein by reference), describes how dry-surface carbon
dioxide detectors can be produced by drying an indicating
solution onto a carrier substrate. The indicating solution (i.e.
the carbon dioxide detector solution) may comprise one or
more of a poly(oxyethylene) based compound, a pH sensi-
tive indicator dye, a suitable organic solvent, and an anionic
base. In some instances, the indicating solution further
comprises a cationic phase transfer agent. The indicating
solution may then be embedded or applied onto carrier
substrates of, for example, polyethersulfone strips or disks
(e.g. 0.45 um pore size Supor® material) to form solid
dry-surface carbon dioxide detectors. Carbon dioxide detec-
tion solutions used to make the dry-surface carbon dioxide
detectors do not have to be aqueous. Non-aqueous formu-
lations in organic solvents or formulations that incorporate
tiny amounts of water may also be used.

The dimensions of the non-reversible detector may vary.
For example, the non-reversible detector, and the carrier
substrate, may be fashioned as a thin narrow strip running
parallel to the patient or subject, a wide longitudinal strip
running perpendicular to the patient or subject, or any angle
therebetween.

Alternatively, the indicator may be a pH-sensitive chemi-
cal indicator, a non-pH-sensitive chemical indicator, a
chemiresistor, or other suitable indicator, for example an
NFC tag, as described below.

According to another embodiment of the flatus detector,
the flatus detector comprises a gas sensor, such as a chemire-
sistor. A chemiresistor is a material that changes its electrical
resistance in response to changes in the nearby chemical
environment. A microprocessor detects a change in the
electrical resistance of the chemiresistor, and a transmitter
alerts a medical professional if flatus has passed (e.g. by
sending a signal to a remote receiver, or illuminating a light
affixed to the patient or subject). An example of a chemire-
sistor gas sensor is described in U.S. Pat. No. 7,737,322,
which is incorporated herein by reference in its entirety. The
chemiresistor may be incorporated into a garment worn by
a patient or subject, such that the chemiresistor overlies a
carbon dioxide emissions site (e.g. the anus of the patient or
subject). The gas sensor is configured to detect one or more
than one of the compounds that may be present in flatus, for
example, oxygen, nitrogen, carbon dioxide, hydrogen, meth-
ane, volatile sulfur compounds, ammonia, indole, skatole,
and short chain fatty acids, either alone, or in combination.

According to another embodiment of the flatus detector,
the flatus detector comprises a near field communication
(“NFC”) tag adapted to detect one or more gases (e.g. carbon
dioxide gas, hydrogen gas and the like) present in flatus.
NFC tags have the advantages of being inexpensive, requir-
ing no wiring and little energy, and being functional at
ambient temperatures. Gas (e.g. carbon dioxide) emissions
resulting from flatus can be detected by NFC tags and read
by a portable handheld electronic device (e.g. smartphone)
or any electronic device that has NFC capability. As
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described in U.S. Pub. No. 2015/0116093 (which is incor-
porated herein by reference), commercial NFC tags com-
prising chemi-responsive nano-materials integrated into
their circuitry may be used for portable and inexpensive
detection and discrimination of gas phase chemicals. The
NFC tag may be used to detect carbon dioxide gas during the
passing of flatus from a patient or subject.

An NFC tag may be used to detect one or more gases and
may detect one or more successive flatus events, and there-
fore may transmit information regarding the frequency and
intensity of flatus passed by a patient or subject. Such
information allows a medical professional to determine the
number of episodes of flatus that had occurred in a given
time period, for example from 1-48 hours, or any time
therebetween, for example 1, 2,3, 4,5,6,7, 8,9, 10, 12, 14,
16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38 40, 42, 44, 46
or 48 hours (or more), or any time therebetween. Multiple
passages of flatus would provide greater evidence to a
clinician that intestinal motility has improved or has been
restored.

Incorporation of Flatus Detector Into a Device

The flatus detector may be incorporated into a device such
as a garment that is wearable by a patient or subject, or a
capsule that is inserted into or ingested by a patient or
subject.

With reference to the FIGS. 1A, 1B, 2, 3A and 3B, the
flatus detector, for example, a non-reversible detector, a
chemiresistor or an NFC tag, is incorporated into a sleeve
10. The sleeve comprises a first (front) surface 20 made of
a porous, gas permeable, material, a second (back) surface
30, and a pocket therebetween 50 for receiving the flatus
detector 40. The flatus detector may or may not be sealed
within the sleeve 10. The sleeve 10 may further comprise a
removable, gas-impermeable covering 60 positioned over
the outer surface of the first (porous) surface 20 so that if the
flatus detector 40 is inserted within the sleeve 10 prior to use
with a patient, exposure of the flatus detector 40 to non-
target sources of gas emissions (for example, atmospheric
carbon dioxide, or carbon dioxide from health care workers
etc.) is reduced. The gas-impermeable covering 60 may be
applied to the first surface 20 using an appropriate adhesive
that permits the gas-impervious covering to be removed
from the first surface prior to use.

The sleeve 10 may come in various sizes. For example
which is not to be considered limiting, the patch may come
in three sizes, with size 1 for an infant; size 2 for child or
teenager; and size 3 for an adult, however other sizes may
also be used as required. The different sizes of the flatus
detector help accommodate different sizes of patients.

In practice, it is contemplated that the sleeve 10 is
positioned on the patient such that the porous (gas perme-
able) surface lies between the flatus detector 40 and a target
gas emission site (e.g. the anus of the patient). For example,
the first porous gas-permeable surface 20 of the sleeve 10
may comprise an adhesive over at least a portion, or all, of
the surface, the adhesive for attaching the sleeve to a patient
so that the flatus detector is positioned near or adjacent the
target gas emission site. The adhesive would decrease the
likelihood of the flatus detector shifting or moving away
from the anus. The adhesive would also assist in containing
emitted gas (e.g. flatus) for longer periods of time in the
vicinity of the flatus detector. Adhesive on the end of the
sleeve closest to the genitalia would be minimized so that
hair in the region would not adhere to the adhesive thereby
causing discomfort.

Alternatively, the patient or subject may wear a garment
such as a diaper for collecting any bodily liquids or solid
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waste, and the sleeve comprising the flatus detector is
positioned near or adjacent the gas emission site. For
example, the sleeve 10 comprising the flatus detector 40 may
further include a fastener 70 (see FIG. 2) for example, but
not limited to, a clip, a snap, a pin, a magnet, a loop and hook
fastener, a zipper, an adhesive, or other fastening device, to
attach the sleeve 10 comprising the flatus detector 40 to the
inside of the garment or diaper. The sleeve 10 comprising the
flatus detector 40 may also be stitched, sewn, sealed or
permanently attached to the garment or diaper. If the patient
has a bowel movement, then intestinal motility has returned
and the sleeve incorporating the flatus detector is no longer
needed and can be discarded. Advantageously, if the patient
has only urinated, then only the diaper may be replaced,
thereby leaving the sleeve with the flatus detector in place.

In another embodiment, the flatus detector is incorporated
into a garment, for example, a diaper 210 (FIGS. 3C and
3D). The diaper may be size-adjustable or uni-sized. The
diaper comprises fastening components 220 (e.g. adhesive
fasteners, cohesive fasteners) that are known in the art. The
outer lining 230 of the diaper comprises a material that is
generally liquid impermeable. The inner lining 240 of the
diaper comprises an absorbent material 250 that is designed
to absorb bodily discharge (e.g. urine, sweat, feces, or other
bodily fluids). The absorbent material may comprise natural
fibers, synthetic fibers, superabsorbent material, or the like,
as well as combinations thereof. The inner lining is prefer-
ably soft-feeling and non-irritating to the patient’s skin.

For example, the sleeve comprising the flatus detector
may be incorporated into the diaper 210 so that at least a
portion of an inner lining 240 of the diaper acts as the first
porous gas-permeable surface (e.g. 20 of FIGS. 1A, 1B), and
the second surface (e.g. 30 of FIGS. 1A and 1B) of the sleeve
is located between the inner lining 240 and an outer lining
230 of the diaper 210, or the second surface 30 of the sleeve
10 is a portion of the outer lining of the diaper. Furthermore,
the sleeve 10 containing the flatus detector 40 may be
incorporated between the outer lining 230 and the inner
lining 240 of the diaper 210, or on the surface of the inner
lining of the diaper that is adjacent the patient’s skin.

Alternatively, the diaper 210 may comprise a pocket or
sleeve 10 on the inside of the diaper, on the surface of the
inner lining 240 adjacent to the patient skin, the pocket for
receiving the flatus detector 40. The pocket or sleeve com-
prising a first (front) surface made of a porous, gas perme-
able, material, a second (back) surface, and an opening
therebetween for receiving the flatus detector. Alternatively,
the sleeve may be fashioned by attaching the first porous
surface to the inner lining of the diaper to form a sleeve that
receives the flatus detector. The flatus detector may, or may
not, be sealed within the sleeve. The sleeve may further
comprise a removable, gas-impermeable covering (e.g. 60 of
FIGS. 3A, 3B) positioned over the outer surface of first
(porous) surface so that if the flatus detector is inserted
within the sleeve prior to use with a patient, exposure of the
flatus detector to non-target sources of emitted gas (for
example, from the atmosphere, or health care workers etc.)
is reduced. The gas-impermeable covering may be applied to
the first surface using an appropriate adhesive that permits
the gas-impervious covering to be removed from the first
surface prior to use. Alternatively, the sleeve may be pack-
aged in an air-impermeable package so as to minimize the
chance of contamination prior to use.

The flatus detector may be positioned in the garment such
that at least a portion of the flatus detector overlies a target
gas emission source (e.g. the anus of the patient or subject).
Preferably, the flatus detector considerably overlies the
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target gas emission source and surrounding areas such that
at least a portion of the non-reversible detector continues to
overlie the target gas emission source even if the garment
shifts relative to the target gas emission source. The flatus
detector is separated from the patient or subject by a porous,
gas permeable, barrier, for example, a soft hypoallergenic
mesh (the first surface). The porous barrier allows emitted
gas to filter through and contact the flatus detector. In
embodiments wherein the flatus detector is incorporated
between the outer lining and the inner lining of the diaper,
then at least a portion of the inner lining of the diaper may
act as the porous barrier (first surface). In this embodiment,
the inner lining, or the portion of the inner lining that is
adjacent the flatus detector, may need to be modified to be
made of a porous material in order to provide a porous
surface. The sleeve may comprise an opening to receive the
flatus detector prior to use of the garment. Alternatively, the
flatus detector may be fixed within the sleeve as part of the
garment prior to use. The opening of the sleeve may be
placed along the inner lining of the garment. Alternatively,
the opening of the sleeve may be placed along the outer
surface of the garment so that the sleeve and flatus detector
may be accessed from the outside of the garment. If the
opening of the sleeve is positioned on the outside of the
garment, then the sleeve opening should be sealed after the
flatus detector is inserted within the sleeve to reduce any
leakage of gas from the patient during use. The sleeve may
be sealed using any appropriate method as would be evident
to one of skill in the art, for example, by adhesive, heat
sealing, a gas tight zipper seal and the like.

In embodiments wherein the flatus detector is inserted
into a pocket or sleeve inside of the diaper, at least a portion
of the porous barrier or first porous gas-permeable surface
(e.g. 20 of FIGS. 1A, 1B) of the pocket is adjacent to the
patient, when the diaper is fitted to the patient. To minimize
dilution of the flatus, the air space between the gas emission
source and the flatus detector may be minimized, for
example, using a well or tight fitting diaper. To improve
containment of flatus for longer periods of time in close
proximity to the flatus detector, the garment may be coupled
to the patient, for example, using a hypoallergenic adhesive,
or elastic ties around the waist and legs. However, the
garment may not need to be coupled to the patient if the
garment is well fitted.

A diaper may be an advantageous garment in that it cannot
be readily removed by a demented or delirious patient, or a
young child. As such, the flatus detector incorporated within
the diaper would also not be readily removed. To minimize
potential contamination of the flatus detector from a
patient’s urine, the diaper may comprise an additional super
absorbent pad to collect and absorb urine and to prevent
seepage of urine onto the flatus detector. In addition, the
diaper may further comprise a thin inner plastic layer (e.g.
polyethylene as described in U.S. Pat. No. 6,589,761) that is
permeable to gas (e.g. carbon dioxide gas and hydrogen
gas), disposed between the target gas emission source and
the flatus detector (e.g. overlaying the porous barrier), the
thin inner plastic layer adapted to further minimize any
contamination from urine; and any irritation experienced by
the patient or subject as a result of the flatus detector. The
thin inner plastic layer is permeable to gas (e.g. carbon
dioxide gas and hydrogen gas), but impermeable to liquid
(e.g. urine).

It is contemplated that at least three different sizes of pads,
and at least eight different sizes of diapers may be required
to fit individuals of different ages (body habits) from an
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infant to a morbidly obese adult. However, sizes of the pads
and diapers are not limited to at least three or at least eight
respectively.

The garment may further comprise a transparent window
positioned at back of the garment, on the outward facing
surface of the garment that is distal to the emission source,
and opposite the porous surface of the inner layer of the
garment. In this example, the transparent window may form
a portion of the second surface (e.g. 30, of FIGS. 1A and 1B)
of the sleeve. The transparent window is positioned in
alignment with the flatus detector when the detector is
inserted within the sleeve. The transparent window replaces
a portion of the back surface of the garment and is affixed to,
and sealed with, the back surface of the garment. The sleeve
may comprise an opening to receive the flatus detector prior
to use of the garment. Alternatively, the flatus detector may
be fixed within the sleeve as part of the garment prior to use.
The opening of the sleeve may be placed along the inner
lining of the garment. Alternatively, the opening of the
sleeve may be placed along the outer surface of the garment
so that the sleeve and flatus detector may be accessed from
the outside of the garment. If the opening of the sleeve is
positioned on the outside of the garment, then the sleeve
opening should be sealed after the flatus detector is inserted
within the sleeve to reduce any leakage of gas from the
patient during use. The sleeve may be sealed using any
appropriate method as would be evident to one of skill in the
art, for example, by adhesive, heat sealing, a gas tight zipper
seal and the like. The sleeve may further comprise a remov-
able, gas-impervious covering positioned over the outer
surface of first (porous) surface so that if the flatus detector
is inserted within the sleeve prior to use with a patient,
exposure of the flatus detector to non-target sources of gas
emissions (for example, carbon dioxide from the atmo-
sphere, or health care workers etc.) is reduced. The gas-
impervious covering may be applied to the first surface
using an appropriate adhesive that permits the gas-impervi-
ous covering to be removed from the first surface prior to
use. Alternatively, the garment may be packaged in an
air-impermeable package so as to minimize the chance of
contamination of the flatus detector prior to use.

Therefore, in the device as described above, the sleeve
may comprise a second surface that may be a portion of the
outer lining of the diaper, and the second surface may
comprise a transparent window. The flatus detector may be
placed between the transparent window of the second sur-
face and at least a portion of the inner lining of the diaper
that is the first porous gas-permeable surface prior to use.
With this configuration, when the flatus detector is inserted
into the sleeve, the flatus detector is then visible through the
transparent window. Alternatively, the flatus detector may be
inserted between the transparent window of the second
surface and at least the portion of the inner lining of the
diaper that is the first porous gas-permeable surface, and the
sleeve sealed as described above. The flatus detector is
inserted within the sleeve so that the carbon dioxide (or other
target gas) detector is visible through the transparent win-
dow.

The transparent window may be manufactured of a mate-
rial that is flexible, sturdy, and clear (e.g. a clear plastic film;
polyethylene terephthalate plastic as described in U.S. Pat.
No. 6,589,761 and incorporated herein by reference). Using
such a window, a clinician is able to visually monitor the
flatus detector for any signs of flatus passage, without having
to remove the garment from the patient or subject. The
transparent window is preferably gas-impermeable so as to
minimize the possibility of contamination of the flatus
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detector by other gas emitting sources in the vicinity of the
patient or subject (e.g. exhaled air of health care workers).
In embodiments wherein the garment is a diaper, the trans-
parent window may be incorporated into the outer lining and
back of the diaper.

The garment may also comprise a strip of water resistant
and tear resistant paper or plastic disposed thereon (e.g. on
the front, back, side, bottom, outside, inside etc. . . . ), for
allowing a clinician or other healthcare professional to mark
when the garment was applied onto the patient or subject.
For example, the strip of water and tear resistant paper or
plastic comprises a series of columns comprising the num-
bers from 1 to 31 (31 choices) to represent the days of the
month, and the hours from 0000 to 2300 (24 choices) to
represent the hours, thereby allowing a healthcare profes-
sional to indicate on the garment the day of the month, and
the hour of the day, on which the garment was applied onto
the patient or subject. A healthcare professional later reading
the flatus detector would know whether or not the patient
had passed flatus since the date and time the garment
comprising the flatus detector was applied.

The sleeve may be affixed to the garment in a tamper-
evident manner, so that the garment, sleeve, or both the
garment and sleeve, is damageable upon removal of the
sleeve from the garment. In an example, the sleeve holding
the detector may be coupled to the garment or a patient’s
body by an adhesive. Upon removal of the sleeve, or
garment, the sleeve or a portion of the sleeve remains affixed
to the surface to which the adhesive was applied. The act of
removing the garment forces the sleeve to irreversibly
detach from the garment, thereby damaging the sleeve,
garment, or both and indicating to a health care provider that
the sleeve or garment has been tampered with. The tamper-
evident feature would therefore alert a medical professional
to any unexpected tampering of the garment.

In practice, and with respect to minimizing the possibility
of false-positive readings owing to the indicator’s inadver-
tent contact with target gases emitted from non-target gas-
eous sources (e.g. prolonged exposure to atmospheric car-
bon dioxide concentrations; expired air from clinicians or
technicians; etc), a clinician may change the garment (in
which the flatus detector is incorporated) every 24-72 hours
or even more frequently. Particularly for garments incorpo-
rating non-reversible detectors, medical personnel are
trained to immediately apply the garment onto the patient
after the garment has been removed from the air-imperme-
able package, or removal of the gas-impervious covering of
the porous surface, so as to minimize the chance of con-
tamination. After the garment has been applied, the medical
personnel should observe the colour of the indicator of the
non-reversible detector for any colour changes. If the indi-
cator has already begun to change colour, or has already
changed colour, then the garment should be discarded and a
new one applied onto the patient.

With reference to FIGS. 4A and 4B, there is shown an
alternative embodiment, and particularly relevant to (though
not exclusive to) NFC tag flatus detectors. The flatus detec-
tor comprises a capsule 100 with a shell 110. The capsule
can be a small, cylindrical-shaped device (or other shape)
that passes naturally through the body without discomfort.
The shell 110 comprises a plurality of small perforations 130
to allow one or more target gas to penetrate the shell 110,
and interact with the enclosed flatus detector 120, for
example, an NFC tag, chemiresistor, or other similar detec-
tor. The inside, middle, or outside of the capsule may be
lined with a thin plastic layer, preferably a biocompatible
layer, for example, a polyethylene as described in U.S. Pat.
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No. 6,589,761 (which is incorporated herein by reference),
the thin plastic layer being permeable to at least carbon
dioxide gas but impermeable to solids or liquids. In some
embodiments, the capsule further comprises a super-hydro-
phobic coating, for example, a nanoscopic surface layer,
such as a manganese oxide polystyrene or a silica nano-
coating, to further repel organic waste and liquids away from
the capsule. In the example shown in FIG. 4B, the shell 110
of capsule 100 is coated with a coating 140 with perforations
(shown on the right hand side of capsule) or a continuous
coating 150 (shown on the left hand side of capsule). The
coating may be discontinuous as shown in 140 so that the
coating is also perforated in a manner similar to the shell 110
of capsule 100, and permits one or more target gas to enter
the capsule 100 and interact with detector 120. Alternatively,
the coating may be continuous 150, and permeable to the
one or more target gas, so that one or more target gas may
permeate the coating 150, and enter the capsule 100 via
perforations 130, and interact with the detector 120. The
coating 140 or 150 may be a polyethylene coating, a
hydrophobic coating or other biocompatible coating.

An example of a capsule that may be used as described
herein is a PillCam® capsule, which measures 11 mmx32
mm, weighs less than 4 grams, and passes naturally through
the body without discomfort. The PillCam® capsule how-
ever, may need to be modified to permit gas entry as required
by the methods of the present invention.

The chemiresistor, NFC tag, or similar detector is con-
figured to detect one or more target gasses that may be
present within the bowel or intestinal tract, in a patient or
subject. The target gas may be, but is not limited to carbon
dioxide, hydrogen, methane, volatile sulfur compounds
(such as hydrogen sulfide, methyl mercaptan, methanethiol,
dimethyl sulfide, dimethyl disulfide, dimethyl trisulfide),
ammonia, indole, skatole, and short chain fatty acids, either
alone, or in combination.

The capsule flatus detector 100 is deposited into the
intestinal tract by a medical professional. It is contemplated
that the capsule comprising the flatus detector is introduced
into the repaired bowel after surgery (e.g. pushed distal to
the site of surgery). In the alternative, it is contemplated that
the capsule is inserted into the rectum when inserting it more
proximally in the bowel is not deemed to be advantageous,
safe, or possible. While placing the capsule directly in the
bowel or rectum immediately increases the ambient target
gas concentrations surrounding the flatus detector, the flatus
detector may instead be programmed or modified to detect
significant and rapid change in the target gas concentrations
that would indicate the movement of flatus through the
intestinal tract, thereby alerting a clinician that intestinal
peristalsis is returning. Particular to chemiresistors and NFC
tags, an optimal number of fluctuations in target gas con-
centration (e.g. carbon dioxide gas, or other target gas,
concentrations) may serve as an indication of the return of
intestinal peristalsis (i.e. intestinal motility). Such pre-pro-
grammed factors may be incorporated into the recording
software of the chemiresistor, NFC tag, or other similar
detector, to assist a clinician to decide whether the number
of recorded changes in target gas concentrations was clini-
cally significant.

In practice, and particularly where the capsule is directly
inserted into the rectum, it is preferable that the rectum be
cleaned (e.g. with an enema) to prevent stool from covering
the capsule upon entry into the rectum. Stool in the perfo-
rations of the capsule may prevent gas (e.g. carbon dioxide
gas, hydrogen gas) from accessing the flatus detector within
the capsule. In patients or subjects suffering from a signifi-
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cant bowel obstruction, a clinician may clean the rectum by
manually removing, with a gloved finger, any stool in the
rectum that may interfere with the function of the flatus
detector in the capsule. Advantageously, a super-hydropho-
bic coating, if applied to the capsule, assists in repelling
liquid and stool away from the capsule (and therefore the
flatus detector located within the capsule).

Capsules comprising NFC tag flatus detectors advanta-
geously transmit electronic signals regardless of their loca-
tion in the intestinal system to a processing device, for
example a CPU, microprocessor, mobile telephone or
mobile device comprising a CPU, the CPU, microprocessor,
or mobile device comprising a receiver to receive data from
the detector, and one or more algorithm or program to
process the data transmitted from the detector. Multiple
capsules comprising NFC tag flatus detectors may be
inserted at different places within the intestinal tract to detect
changes in carbon dioxide concentrations at multiple loca-
tions along the intestinal tract, thereby improving the ability
to determine whether bowel function has returned to appro-
priate levels. For example, one capsule could be placed in
the bowel after surgery, one could be placed in the rectum,
and potentially one could be swallowed. Moreover, patients
or subjects would not be able to easily remove the capsule
comprising flatus detectors therein from their rectum or
intestine.

Therefore the present invention also provides a device for
detecting a passing of flatus by a patient comprising, a
capsule 100 comprising a perforated shell 110, the shell
covered with a discontinuous biocompatible coating com-
prising perforations 130, or a continuous gas-permable
biocompatible coating 150, and a flatus detector 120 inserted
within the shell 110. Also provided is a method of detecting
a passing of flatus by a patient comprising, positioning this
capsule 100 within a bowel or intestinal tract of the patient,
and monitoring the device to determine if the flatus detector
indicates levels of a gas that is greater than a baseline level
of the gas within the bowel or intestinal tract. The detector
may transmit electronic signals to a processing device that
receives the data and process the data to determine if there
have been changes in the levels of one or mare target gas in
the bowel or intestinal tract.

It is contemplated that any part of any aspect or embodi-
ment discussed in this specification can be implemented or
combined with any part of any other aspect or embodiment
discussed in this specification. While particular embodi-
ments have been described in the foregoing, it is to be
understood that other embodiments are possible and are
intended to be included herein. It will be clear to any person
skilled in the art that modification of and adjustment to the
foregoing embodiments, not shown, is possible.

What is claimed is:

1. A device for detecting a passing of flatus by a patient
comprising, a sleeve comprising a first porous gas-perme-
able surface comprising a liquid impermeable layer that is
gas-permeable, and a second surface attached to the first
porous gas-permeable surface, the first porous gas-perme-
able surface and the second surface defining a pocket within
the sleeve, and a flatus detector inserted within the pocket of
the sleeve and positioned between the first porous gas-
permeable surface and the second surface, the device con-
figured to be placed on the patient so that the first porous gas
permeable surface comprising the liquid impermeable layer
is configured to lie between the flatus detector and a target
gas emission site of the patient.

2. The device of claim 1, wherein the first porous gas-
permeable surface is a hypoallergenic mesh.
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3. The device of claim 1, wherein the sleeve further
comprises a fastener attached to the sleeve, the fastener for
attaching the sleeve to a garment.

4. The device of claim 1, wherein the flatus detector is a
dry-surface carbon dioxide detector comprising a carbon
dioxide indicating solution that is dried onto, embedded into,
or applied onto a carrier substrate, the carbon dioxide
indicating solution undergoing an irreversible colour change
in a presence of increased carbon dioxide concentrations.

5. The device of claim 4, wherein the dried carbon dioxide
indicating solution is pH-sensitive.

6. The device of claim 5, wherein the dried pH-sensitive
carbon dioxide indicating solution is selected from Bor-
deaux, Amaranth, Brilliant Ponceaux, and Napthol Blue
Black.

7. The device of claim 1, wherein the flatus detector is a
chemiresistor or a near field communication tag.

8. The device of claim 7, wherein chemi-responsive
nano-materials are integrated into circuitry of the near field
communication tag.

9. The device of claim 1, wherein the device is a garment
and the sleeve comprises a fastener attached to the sleeve,
and the sleeve is attached to an inner lining of the garment
via the fastener, or the sleeve is stitched, sewn, sealed or
permanently attached to the garment.

10. The device of claim 9, wherein the garment is a diaper.

11. The device of claim 1, wherein the device is a diaper,
and the sleeve comprising the flatus detector is incorporated
into the diaper so that at least a portion of an inner lining of
the diaper is the first porous gas-permeable surface, and the
second surface of the sleeve is located between the inner
lining and an outer lining of the diaper, or the second surface
of'the sleeve is a portion of the outer lining of the diaper that
is liquid and gas-impermeable.

12. The device of claim 11, wherein the second surface is
a portion of the outer lining, and the second surface com-
prises a transparent window, the flatus detector for place-
ment between the transparent window of the second surface
and at least the portion of the inner lining of the diaper that
is the first porous gas-permeable surface, so that when the
flatus detector is inserted into the sleeve, the flatus detector
is visible through the transparent window.

13. The device of claim 11, wherein the second surface is
a portion of the outer lining, and the second surface further
comprises a transparent window, the flatus detector inserted
between the transparent window of the second surface and
at least the portion of the inner lining of the diaper that is the
first porous gas-permeable surface, so that the flatus detector
is visible through the transparent window.

14. The device of claim 12, wherein the portion of the
inner lining of the diaper that is the first porous gas-
permeable surface is further coupled to a gas-permeable
hydrophobic layer.

15. The device of claim 1 wherein the first porous
gas-permeable surface comprises an adhesive over a portion
of the surface, the adhesive for attaching the sleeve to the
patient.

16. The device of claim 1 wherein the second surface is
gas permeable or comprises a gas-permeable hydrophobic
layer.

17. The device of claim 11 wherein the second surface is
gas permeable or comprises a gas-permeable hydrophobic
layer.

18. The device of claim 1, wherein the flatus detector
includes one or more than one chemical reagents or sensors
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to determine, carbon dioxide, hydrogen, methane, hydrogen
sulfide, methyl mercaptan, methanethiol, dimethyl sulfide,
dimethyl disulfide, dimethyl trisulfide, ammonia, indole,
skatole, and a combination thereof.

19. A method of detecting a passing of flatus by a patient
comprising:
(a) positioning the device of claim 1 over at least a portion
of an anus of the patient, such that the flatus detector
covers at least the portion of the anus of the patient: and

(b) monitoring, by the flatus detector, a level of a gas that
is greater than atmospheric levels of the gas indicates
that the patient has passed flatus.

20. The method of claim 17, wherein in the step of
positioning (step a), the sleeve is attached to a garment, and
positioned so that at least a portion of the flatus detector is
configured to overlie at least the portion of the anus of the
patient.

21. The method of claim 20, wherein the garment is a
diaper.

22. The method of claim 21, wherein the sleeve compris-
ing the flatus detector is incorporated into the diaper so that
at least a portion of an inner lining of the diaper is the first
porous gas-permeable surface, and the second surface of the
sleeve is located between the inner lining and an outer lining
of the diaper, or the second surface of the sleeve is a portion
of the outer lining of the diaper that is liquid and gas-
impermeable.

23. A garment for detecting flatus comprising, a sleeve
comprising a first porous gas-permeable surface comprising
a liquid impermeable, layer that is gas-permeable, and a
second surface attached to the first porous gas-permeable
surface, the first porous gas-permeable surface and the
second surface defining a pocket within the sleeve, and a
flatus detector inserted within the pocket of the sleeve,
between the first porous gas-permeable surface and the
second surface, the sleeve positioned within the garment so
that when the garment is fitted to a patient, the first porous
gas permeable surface comprising the liquid impermeable
layer is configured to lie between the detector and a target
gas emission site of the patient, and at least a portion of the
flatus detector is configured to overlie an anus of the patient.

24. The garment of claim 23, wherein at least a portion of
an inner lining of the garment is the first porous gas-
permeable surface, and the second surface of the sleeve is
located between the inner lining and an outer lining of the
garment, or the second surface of the sleeve is a portion of
the outer lining of the garment.

25. The garment of claim 24, wherein the garment is a
diaper.

26. An assembly for detecting a passing of flatus by a
patient, the assembly comprising, a garment, and the device
of claim 1 coupled to the garment.

27. The assembly of claim 26, wherein the sleeve of the
device comprises a fastener attached to the sleeve, and the
sleeve is attached to an inner lining of the garment via the
fastener, or the sleeve is stitched, sewn, sealed, or perma-
nently attached to the garment.

28. The assembly of claim 26, wherein the garment is a
diaper.



