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MOTILITY MANOMETER PRIMING MANIFOLD SYSTEM
WITH ICON-BASED USER INTERFACE AND WIRELESS CONNECTIVITY

SUMMARY

Various embodiments are directed to apparatuses and methods for selectively
coupling and decoupling fluidic pathways between a multiplicity of components of a
pressurizable fluidic system. Embodiments are directed to a multi-mode manifold
arrangement for selectively coupling and decoupling fluid connections between a
multiplicity of components of a pressurizable fluidic system. Embodiments are directed to
a multi-mode manifold arrangement for selectively coupling and decoupling fluid
connections between a multiplicity of components of a pressurizable fluidic system that
requires charging for proper operation.

Other embodiments are directed to pressure sensing devices that incorporate an
apparatus for selectively coupling and decoupling fluidic pathways between a multiplicity
of device components. Embodiments are directed to pressure sensing devices that
incorporate a multi-mode manifold arrangement for selectively coupling and decoupling
fluid connections between a multiplicity of device components. Embodiments are directed
to apparatuses and methods for effecting selective fluidic coupling and decoupling
between charging, pressure sensing, and motility measurement lumen components of a
pressure sensing device that requires charging for proper operation.

Further embodiments are directed to apparatuses and methods for selectively
coupling and decoupling fluid pathways between a multiplicity of components of a
motility manometer that requires priming for proper operation. Embodiments are directed
to a motility manometer for measuring pressure changes in a body cavity which
incorporates a multi-mode manifold arrangement for selectively coupling and decoupling
fluid connections between charging, pressure sensing, and motility measurement lumen
components of a hand-held motility manometer.

Some embodiments are directed to a pressure sensing catheter comprising a
motility measurement balloon arrangement. In some embodiments, the motility
measurement balloon arrangement includes a multiplicity of motility measurement

balloons. In other embodiments, a single motility measurement balloon is employed. The
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catheter includes a pneumatic connector configured to mechanically and pneumatically
connect to a corresponding pneumatic connector provided on a housing of a pressure
sensing device or FOB (frequency operated button). In embodiments that employ a
multiplicity of motility measurement balloons, the catheter’s pneumatic connector
incorporates a corresponding number of female connectors each having a fluid channel
that fluidly couples with a balloon lumen of the catheter (or receives a terminus of a
balloon lumen). The female connectors are configured to matingly couple with
corresponding pins (male) of the housing’s pneumatic connector. Each pin includes a
fluid channel that is configured to fluidly couple to a corresponding female connector. In
some embodiments, the catheter’s pneumatic connector is keyed to ensure proper
alignment between the female fluid connectors and corresponding fluid pins of the
housing’s pneumatic connector when secured thereto. In some embodiments, the
catheter’s pneumatic connector includes one or more male pins with fluid channels, while
the pneumatic connector of the FOB housing includes the female fluid connectors.
Various embodiments are directed to a pressure sensing device or FOB comprising
a multi-mode manifold and a plurality of pressure transducers. The manifold is fluidly
coupled to a pneumatic housing connector, a priming port, and the pressure transducers.
The pneumatic housing connector is configured to mechanically and fluidly couple to a
single- or multiple-channel connector of a pressure sensing catheter. The manifold is
configured to provide selective coupling and decoupling between the pneumatic housing
connector, the priming port, and the pressure transducers. In some embodiments, the
pressure sensing device is configured to calibrate the pressure transducers at atmospheric
pressure and initiate pressure measurements with both the pressure transducers and the one
or more motility measurement balloons of the pressure sensing catheter at atmospheric
pressure. The pressure sensing device can incorporate a single or multi-port pneumatic
connector of a type described herein. According to various embodiments, the pressure
sensing device is incorporated in a hand-held housing which includes a port selector
coupled to the manifold, a display, and a battery or other power source. In some
embodiments, the pressure sensing device further includes a distension balloon pressure
transducer which is fluidly coupled to a distension balloon connector on the housing. The
distension balloon connector is configured to fluidly couple to a distension balloon lumen

and distension balloon of a pressure sensing catheter. The distension balloon can be
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implemented as a compliant or semi-compliant balloon, which allows for cavity
compliance testing (e.g., rectal compliance testing).

According to some embodiments, a system includes a catheter comprising a distal
distension balloon and a plurality of circumferentially arranged motility measurement
balloons proximal of the distension balloon. A manifold includes a plurality of balloon
ports each configured to fluidly couple to one of the motility measurement balloons, a
plurality of pressure transducer ports, and a priming port. A port selector is coupled to the
manifold and movable between different positions. Each of the different port selector
positions causes the manifold to establish different fluidic couplings between the
respective motility balloon, pressure transducer, and priming ports. A pressure sensing
device comprises a plurality of pressure transducers each fluidly coupled to one of the
plurality of pressure transducer ports. The pressure sensing device is configured to
coordinate calibration of the pressure transducers at atmospheric pressure with the port
selector in a first position and motility balloon pressure measurements with the port
selector in a third. The pressure sensing device is further configured to coordinate priming
of the motility measurement balloons with the port selector is in a second position.

In accordance with other embodiments, a system includes an anorectal manometry
catheter having a distal distension balloon comprising a compliant or semi-compliant
balloon, and a single or a plurality of circumferentially arranged motility measurement
balloons proximal of the distension balloon. A manifold comprises a single or a plurality
of balloon ports each configured to fluidly couple to one of the motility measurement
balloons, a single or a plurality of pressure transducer ports, and a priming port. A
pressure sensing device comprises a rectal pressure transducer fluidly coupled to the
distension balloon, and a single or a plurality of pressure transducers each fluidly coupled
to the single or plurality of pressure transducer ports. The pressure sensing device is
configured to coordinate calibration of the single or plurality of pressure transducers at
atmospheric pressure with the manifold in a first position, and coordinate rectal
compliance measurements using the rectal pressure transducer and motility balloon
pressure measurements using the single or plurality of pressure transducers with the
manifold in a third position. The pressure sensing device is further configured to
coordinate priming of the motility measurement balloons with the manifold in a second

position.
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According to further embodiments, a method involves selectively establishing
different fluidic couplings between a distal distension balloon and a plurality of
circumferentially arranged motility measurement balloons of a manometry catheter, a
plurality of pressure transducers, and a priming port of a multi-mode manifold in
accordance with different orientations of the manifold fluidly coupled thereto. The
method also involves calibrating the pressure transducers at atmospheric pressure and
charging the motility measurement balloons so as to inflate the motility measurement
balloons. After charging the motility measurement balloons, the method involves
exposing the motility measurement balloons to atmospheric pressure. The method further
involves operating the motility measurement balloons to perform motility measurements.

These and other features can be understood in view of the following detailed

discussion and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of pressure sensing system which includes a multi-
mode manifold and a pressure sensing device in accordance with various embodiments;

Figure 2A illustrates an embodiment of a pressure sensing system in accordance
with various embodiments;

Figure 2B illustrates the port selector shown in Figure 2A in different positions that
provide for different functionality in accordance with various embodiments;

Figure 3 shows fluidic interconnections between the ports of a multi-mode
manifold when the port selector is in a first position for equalizing pressure within the
system to atmospheric pressure in accordance with various embodiments;

Figure 4 shows fluidic interconnections between the ports of a multi-mode
manifold when the port selector is in a second position for priming motility measurement
balloons of the system in accordance with various embodiments;

Figure 5 shows fluidic interconnections between the ports of a multi-mode
manifold when the port selector is in between a second position and a third position in
accordance with various embodiments;

Figure 6 shows fluidic interconnections between the ports of a multi-mode
manifold when the port selector is in a third position for operating the pressure sensing

system in accordance with various embodiments;
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Figure 7 shows various valve positions required to perform the different actions
illustrated in the table of Figure 7 in accordance with various embodiments;

Figures 8A-8C illustrate a multi-port pneumatic connector system in accordance
with various embodiments;

Figures 9 and 10 are flow charts that show a number of processes involving a
pressure sensing system in accordance with various embodiments; and

Figures 11-20 are graphical diagrams showing an icon-based user interface for a

hand-held motility manometer in accordance with various embodiments of the disclosure.

DETAILED DESCRIPTION

According to various embodiments, a multi-mode manifold arrangement is
incorporated in a motility pressure measuring device for selectively coupling and
decoupling fluid connections between charging, pressure sensing, and motility
measurement lumen components of the device. Embodiments are directed to measuring
pressure changes in a cavity of the body using a pressure measuring device that
incorporates a multi-mode manifold arrangement for selectively coupling and decoupling
fluid connections between charging, pressure sensing, and motility measurement lumen
arrangements of the device. According to various embodiments, pressure measuring
devices, such as manometers, can be configured for performing different types of
manometry, including esophageal, anorectal, urinary, and uteral manometry, among
others.

Esophageal manometry is a test that measures functioning of the lower section of
the esophagus. Esophageal manometry evaluates the lower esophageal sphincter valve
that prevents stomach acids from refluxing into the esophagus. Esophageal manometry
aids a clinician in determining whether a patient’s esophagus can properly move food into
the stomach.

Anorectal manometry is a test performed to evaluate patients with constipation or
fecal incontinence. More specifically, anorectal manometry is a test that measures the
pressures of the anal sphincter muscles, the sensation in the rectum, and the neural reflexes
that are needed for normal bowel movements. According to various testing approaches, a
catheter in the form of a small, short, and somewhat narrow blunt tube is gently inserted

into the rectum. The catheter contains a balloon-like device at a location where it will
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come into contact with the anal sphincter. The catheter is connected to a device that
measures pressure (and pressure changes) during the test.

During the test, the small balloon is slightly inflated in the rectum to assess the
normal reflex pathways. The patient may be asked to squeeze, relax, and sometimes push
at various times. Anal sphincter muscle pressures are measured during each of these
maneuvers. Anal manometry measures how strong the sphincter muscles are and whether
they relax as they should during voiding. Anal manometry provides useful helpful
information to the clinician in treating patients with pelvic floor weakness, pelvic floor
spasm, fecal incontinence or severe constipation. Based on the results of this test, and of
surface (transcutancous) EMG of the pelvic floor muscle if performed, the clinician
prescribes a therapy, typically in the form of an individualized exercise prescription, but
sometimes medications as well, and often neuromodulation.

Turning now to Figure 1, there is shown a block diagram of a pressure sensing
system which includes a multi-mode manifold 10 and a pressure sensing device 50 in
accordance with various embodiments. The following discussion describes the multi-
mode manifold 10 in the context of a pressure sensing device implemented as a motility
manometer configured for sensing pressure changes in a body cavity (e.g., esophagus,
anal-rectal region, colon, urinary, uterus). It is understood that the multi-mode manifold
10 and other components of the system shown in the figures of the disclosure can be
incorporated in other pressurizable fluidic systems, including apparatuses other than
pressure sensing devices or systems.

The multi-mode manifold 10 and pressure sensing device 50, along with other
components such as a power source, are housed in a hand-held or portable chassis. For
example, a hand-held motility manometer is configured to incorporate the multi-mode
manifold 10 and pressure sensing device 50 shown in Figure 1, although other system
configurations are contemplated. The multi-mode manifold 10 includes a number of ports,
including a multiplicity of balloon ports 20, a multiplicity of pressure transducer ports 25,
and a priming port 15. Different fluidic interconnections between the various ports are
achieved by moving a port selector 30, which can be moved to different positions for
selectively coupling and decoupling various fluidic pathways through the multi-mode
manifold 10. In some embodiments, the port selector 30 is manually moved to desired

positions to effectuate different fluidic couplings between the balloon ports 20, the
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pressure transducer ports 25, and the priming port 15. In other embodiments, an electric
motor can be controlled to move the manifold 10 so as to make the desired fluidic
interconnections.

Each of the pressure transducer ports 25 of the multi-mode manifold 10 is
configured to fluidly couple to one of a multiplicity of pressure transducers 58 provided on
the pressure sensing device 50. The pressure sensing device 50 includes a number of
components, including a controller 52 and a wireless communication device 55, among
other components. According to some embodiments, the wireless communication device
55 of the pressure sensing device 50 is configured to wirelessly communicate with an
external device or system, such as a tablet PC 60. The tablet PC is configured to execute
software for interfacing with and controlling the pressure sensing system. The tablet PC
60 may be configured with a touch sensitive screen that allows for touch driven clinician
interaction with the pressure sensing system via an icon-based user interface 65.
According to alternative embodiments, the pressure sensing device 50 can include a wired
communication interface rather than a wireless communication device 55. A wireless
communication device 55 affords the opportunity to eliminate all wires and cables
between the tablet PC 60 or other processing device and a manometer that incorporates the
multi-mode manifold 10 and pressure sensing device 50. The tablet PC 60 preferably
includes an icon-based user interface 65.

Incorporating a wireless communication device 55 into a hand held manometer
allows motility measurements to be transmitted wirelessly to a separate system or device,
such as tablet PC 60. A motility manometer that incorporates a wireless communication
device 55 eliminates the need for cables used in traditional manometry systems. This
eliminates the need for bulky cables that can cause issues during use near and around
patients, and isolates the patient from any potential electrical hazard. Readings taken by
the pressure transducers 58 can be transmitted wirelessly to a tablet PC 60 loaded with
motility software. Various communication protocols can be implemented by the wireless
communication device 55, such as MICS, ISM, RF Wireless protocols (WiFiMax, IEEE
802.11a/b/g/n, etc.), Bluetooth (high or low power methods), and ZigBee or similar
specification, such as those based on the IEEE 802.15.4 standard, or other public or

proprietary wireless protocol.
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Each of the balloon ports 20 of the multi-mode manifold 10 is configured to fluidly
coupled to one of a multiplicity of motility measurement lumens 45, represented by
lumens A through N in Figure 1. Each of the motility measurement lumens 45 is fluidly
coupled to one of a multiplicity of pressurizable lumens 102 of a pressure measuring
catheter 100. According to various embodiments, the pressure measuring catheter 100
includes a shaft 105 having a distal end that supports two balloon arrangements. In the
embodiment of the pressure measuring catheter 100 shown in Figure 1, a distension
balloon 120 is mounted at a distal end of the shaft 105, and a motility measurement
balloon arrangement 110 is mounted proximal of the distension balloon 120. The motility
measurement balloon arrangement 110 includes either a single or a multiplicity of
balloons, such as four such balloons (e.g., 4-6 balloons). Each of the motility
measurement balloons 110 is fluidly coupled to one of the shaft lumens 102 and one of the
motility measurement lumens 45.

The lumen arrangement of the shaft 105 also includes a distal balloon lumen 103,
labeled lumen DB, which is fluidly coupled to the distal balloon 120. The distal balloon
lumen 103 is fluidly coupled to a pressure transducer 59 of the pressure sensing device 50.
The fluid connection between the distal balloon lumen 103 and the pressure transducer 59
can be routed through the multi-mode manifold 10 or can bypass the manifold 10. For
example, and according to some embodiments, the distal balloon lumen 103 is fluidly
coupled to a stopcock luer connector located towards a proximal end of the catheter 100,
and an extension tube 153 is provided to fluidly couple the distal balloon lumen 103 to the
pressure transducer 59 via a luer connector. In some embodiments, the distension balloon
120 is configured as a compliant or semi-compliant balloon, and therefore retains is round
or elliptical shape when inflated. Use of a compliant or semi-compliant distension balloon
120 provides for testing of rectal compliance in additional to anorectal manometry
measurements.

The fluid connections between the motility measurement lumens 45 and
corresponding balloon ports 20 provide for establishing independent fluid channels
between each of the motility measurement balloons 110 of the pressure measuring catheter
100 and the multi-mode manifold 10. Fluidly coupling each of the pressure transducer
ports 25 of the multi-mode manifold 10 to a corresponding pressure transducer 58 of the

pressure sensing device 50 provides independent fluid channels between each of the
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motility measurement balloons 110 of the pressure measuring catheter 100 and individual
pressure transducers 58 of the pressure sensing device 50.

Figure 2A illustrates an embodiment of a pressure sensing system in accordance
with various embodiments. In some embodiments, the pressure sensing system 90 shown
in Figure 2A is implemented as a hand-held, portable anorectal manometry system. In
some implementations, the catheter section 100 of the pressure sensing system 90 is
manufactured as a disposable product, while the pressure sensing device 50 is a reusable
product. The catheter 100 of the pressure sensing system 90 illustrated in Figure 2A
includes a shaft 105 which supports a distal distension balloon 120 and a motility
measurement balloons 110 circumferentially arranged about the shaft 105. A series of
depth indicators 115 is provided on the shaft 105 between the distension balloon 120 and
the motility measurement balloons 110. The depth indicators 115 are separated from one
another by a predetermined distance, such as 1 cm. The depth indicators 115 allow the
clinician to know how deep into a body cavity the distal end of the catheter 100 has been
inserted.

The number of, and spacing between, the depth indicators 115 varies depending on
the type of catheter being used and the body cavity being examined. In the case of an
anorectal manometry catheter embodiment, for example, between about 4 and 10 (e.g., 6)
depth indicators 115 spaced 1 cm apart is generally appropriate. In addition, an
orientation indicator (not shown), such as "P" for posterior, can be provided on the shaft
105 to indicate the rotational orientation of the catheter. This is important in some
embodiments where different regions of anatomy are being tested using discrete motility
measurement balloons 110. For example, anorectal motility measurements can be
obtained using four motility measurement balloons 110 mounted on the shaft at 0°, 90°,
180°, and 270° locations about the circumference of the shaft 105. The four balloons 110
at these locations are identified as posterior (P), anterior (A), left (L), and right (R)
balloons, with the posterior (P) balloon referring to the balloon that is oriented to face the
patient's spine. By properly aligning the orientation indicator (e.g., "P") on the catheter
shaft 105 with respect to a specified body reference point (e.g., the spine), the pressure
measurements made using the 4 balloons accurately correspond to posterior, anterior, left,

and right regions of the anal canal.
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According to other embodiments, motility measurements (e.g., anorectal motility
measurements) can be obtained using a catheter having a single measurement balloon
mounted circumferentially about the shaft 105. In configurations that employ a single
motility measurement balloon, a single channel of pressure data is obtained, which may be
sufficient in many applications. In some embodiments, the single balloon may extend
partially around the circumference of the catheter’s shaft 105, such as an arc of 90°, 180°,
or 270° for example.

It is noted that the typical length of the human anal canal ranges between about 20-
45 mm. In various embodiments, the length of the motility measurement balloons 110 is
about 20 mm. The relationship of the length of the motility measurement balloons 110
relative to the average length of a patient's anal cavity allows for viable anorectal
manometry testing to be conducted using a single site without need for repositioning for a
large majority of patients. At most, only two testing sites would be needed, thus requiring
only a single repositioning event for a small percentage of patients having a longer than
average anal canal (such patients constitute only about 15-20% of the population).
Conventional anorectal manometry catheters typically employ relatively short motility
measurement balloons, requiring a multiplicity of tests to be performed at a multiplicity of
anal canal depths, resulting in additional time and costs.

Figure 2A further shows a charging syringe 150 fluidly coupled to the distension
balloon 120. The charging syringe 150 is used to pressurize the distension balloon 120
during use. In some embodiments, the distension balloon 120 requires a minimal charge
(e.g., 10 cc) to ensure proper operation. This minimal charge only partially inflates the
distension balloon 120. In some embodiments, the distension balloon 120 has a length of
about 55 mm, a diameter of about 30 mm, and can hold a maximum safe pressure of about
180 cc. The pressure within the distension balloon 120 can be measured using a
distension balloon (DB) pressure transducer (transducer 59 shown in Figure 1) of the
pressure sensing device 50, which can be fluidly coupled to the distension balloon lumen
in the catheter shaft via an extension tube 153 connected between a single luer connector
155 and a stopcock luer connector 152. The stopcock luer connector 152 allows selective
fluidic coupling and decoupling between the charging syringe 150, the distension balloon
120, and the distension balloon pressure transducer 59 via the extension tube 153. As

previously discussed, the distension balloon 120 according to some embodiments is



10

15

20

25

30

WO 2013/109938 PCT/US2013/022217

11

implemented as a compliant or semi-compliant balloon, allowing for rectal compliance
testing. Conventional anorectal manometry catheters typically employ a compliant
distension balloon that expands into the rectal cavity during inflation, rendering the
distension balloon unusable for rectal compliance testing.

The pressure sensing device 50 includes a hand-held housing 51 within which a
number of the aforementioned components are housed, including the multi-mode manifold
10, pressure sensing device electronics (e.g., controller 52, wireless communication device
55, pressure transducers 58 and 59), power supply (e.g., battery), and fluidic ports 15, 20,
25, and lumens 45. The housing 51 also supports a display 53, a priming port 15 (with
detachable cover shown), a port selector lever 30, a multi-port connector 101, and a luer
connector 155. It is noted that the pressure sensing device 50 in the housing 51 shown in
Figure 2A is also referred to as an FOB (frequency operated button).

The charging or priming port 15 is configured to receive a syringe or other
charging device that contains a charged fluid (e.g., air). The priming port 15 can also be
used to expose the multi-mode manifold and various fluidic couplings within the pressure
sensing device 50 to atmospheric pressure, assuming the syringe is not positioned within
the priming port 15. The priming port 15 can be fluidly coupled to the motility
measurement balloons 110 via the multi-mode manifold for charging with a pressurized
fluid (e.g., 3 or 4 cc of air) or exposed to air at atmospheric pressure. The priming port 15,
when open, can also provide a conduit to atmosphere for the pressure transducers 58. The
display 53 includes a number of different indicators and buttons. According to some
embodiments, the display 53 includes a power button, a system on/off indicator (e.g.,
green = on), a battery status indicator, and a wireless connection button/status indicator
(e.g., Bluetooth icon). It is understood that other indicators and buttons can be provided to
provide other functionality and information.

Figure 2A further shows a port selector 30 in the form of a lever mounted on the
side of the housing 51. The port selector 30 is coupled to the multi-mode manifold 10 and
controls the movement (e.g., rotation) of the multi-mode manifold 10, which effectuates
predefined fluidic couplings between the four motility measurement balloon ports 20, the
four pressure transducer ports 25, and the priming/charging port 15, as shown in Figure 1.
Selected fluidic connections between these ports are coupled and decoupled depending on

the position of the multi-mode manifold 10 as controlled by the port selector 30. These
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fluid connections are also referred to herein as valves, and as such there are four balloon
port valves 20, four pressure transducer valves 25°, and a priming port valve 15° (see
Figure 1).

As is best seen in Figure 2B, and according to various embodiments, the port
selector 30 has three main positions (e.g., forward, up, and down) that provide for different
functionality. Intermediate port selector positions between these three main positions can
provide additional functionality. It is noted that the port selector 30 shown in Figure 2A is
in the forward position.

In the down position 30-D (also referred to herein as the first position) shown in
Figure 2B, and with reference also to Figure 1, all of the balloon port valves 20°, the
pressure transducer valves 25°, and the priming port valve 15 are open to atmosphere.
With the port selector 30 in the down 30-D, the motility measurement balloons 110, the
pressure transducers 58, and the priming port 15 equalize to atmospheric pressure. When
the port selector 30 is in the down position 30-D, the pressure transducers 58 can be
calibrated at atmospheric pressure with the priming port 15 open to atmosphere (i.e.,
charging syringe and valve cap removed from the priming port 15).

With the port selector 30 in the up position 30-U (also referred to herein as the
second position), the pressure transducer valves 25’ are closed to atmosphere and are also
closed to the balloon port valves 20’ and the priming port valve 15°. The priming port
valve 15° is open, which can be to atmosphere or a charging syringe situated on/in the
priming port 15. The balloon port valves 20’ are open to the priming port valve 15°.
When the port selector 30 is in the up position 30-U, the motility measurement balloons
110 can be charged using a syringe place within the priming port 15.

When the port selector 30 is moved to a position between the up position 30-U and
the forward position 30-F (also referred to herein as the third position), the pressure
transducer valves 25 are closed and isolated. Lastly, when the port selector 30 is in the
forward position 30-F, the pressure transducer valves 25’ are open, the balloon port valves
20’ are open, and the priming port valve 15’ is closed. In the forward position 30-F, the
pressure transducers 58 are fluidly coupled to the motility measurement balloons 110, and
the system is ready for operation.

Figures 3-6 illustrate how moving the port selector 30 to different positions allows

the clinician to selectively couple and decouple various fluidic pathways between the
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pressure transducer ports 25, balloon ports 20, and priming port 15 via the multi-mode
manifold 10. Figures 3-6 also show an electronics board 51 of the pressure sensing device
50 which supports various electric and electronic components, including the pressure
transducers 58. Not shown on the electronics board 51 is a pressure transducer 59
dedicated to measuring pressure within the distension balloon 120, as shown in Figure 1.
These and other components are coupled to a controller 52 also mounted on the electronics
board 51.

Manometers need to be primed prior to use. The priming process initializes the
complete motility measurement system prior to use. The multi-mode manifold 10 shown
in Figures 3-6 is capable of being incorporated into a hand-held manometer, allowing the
charging of the motility measurement lumens while disconnected from the manometer
pressure transducers 58. According to various embodiments, the multi-mode manifold 10
allows decoupling of manometer pressure transducers 58 from the system prior to
charging the motility measurement lumens 110.

Figure 3 shows various features of the multi-mode manifold 10, including the
priming port 15, the pressure transducer ports 25, and the balloon ports 20. Figure 3 also
shows internal features of the multi-mode manifold 10, including fluidic connections that
can be made between the priming port 15, the pressure transducer ports 25, the balloon
ports 20, and a connecting chamber 23 between these ports. A central longitudinal bore 12
provided in a manifold block 11 is fluidly connected to each of the ports 15, 20, and 25.
Selective coupling and decoupling of the various ports 15, 20, and 25 is achieve by use of
a port selector 30 configured to be received by the central longitudinal bore 12, as is
shown in Figure 3.

Figure 3 shows the fluidic interconnections between the ports 15, 20, and 25 when
the port selector 30 is in a first position, which corresponds to the down 30-D position of
the port selector 30 shown in Figure 2B. It is understood that the port selector 30 may
have a configuration different from that shown in Figure 3 and other figures for making
different fluidic interconnections between the ports 15, 20, and 25 depending on desired
functionality. With the port selector 30 in the down position 30-D, all ports 15, 20, and 25
are open to atmosphere via the priming port 15. This orientation of the multi-mode
manifold 10 allows the system to equalize at atmospheric pressure, and further allows

initial atmospheric readings to be taken by the pressure transducers 58 independent of the
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motility measurement lumens 45. The pressure transducers 58 are zeroed out at
atmospheric pressure by the controller 52 as part of the calibration procedure.

Figure 4 shows the port selector 30 in the up 30-U position shown in Figure 2B. In
the up 30-U position, the balloon ports 20 are connected to the priming port 15 (and may
also be connected to each other). The up 30-U position causes the multi-mode manifold
10 to fluidly couple only the motility measurement lumens 45 and the priming port 15, and
keeps the pressure transducers 58 isolated. During the priming procedure, a charging
syringe is fluidly connected to the priming port 15, typically with 3 or 4 cc of air, to
charge the motility measurement balloons 110.

According to some embodiments, prior to completion of the priming procedure, a
pressure transducer calibration procedure is performed at atmospheric pressure, rather than
at a charged pressure. It has been found by the inventor that calibrating the pressure
transducers 58 at atmospheric pressure and then initiating pressure measurements with
both the pressure transducers 58 and the motility measurement balloons 110 at
atmospheric pressure provides for a substantial increase in pressure measurement
accuracy. It was found that after charging the motility measurement balloons 110 and then
returning the balloons 110 to atmospheric pressure, the balloon 110 substantially retained
their inflated volume. During the calibration procedure, the charging syringe is removed
from the priming port 15 opening the motility measurement balloons 110 to atmosphere,
and then the port selector 30 is moved to the forward 30-F position, thereby connecting the
calibrated transducer ports 25 to the calibrated motility measurement balloons 110. Both
the pressure transducers 58 and motility measurement balloons 110 are at atmospheric
pressure which completes the calibration procedure.

Figure 5 shows the port selector 30 in between the up 30-U position and the
forward 30-F position. In this intermediate position, the priming port 15 is disengaged
(port valve 15’ is closed) before the pressure transducers 58 are reconnected to the system.
A port selector position between the up 30-U position and the forward 30-F position
isolates the charging apparatus 40 from the motility measurement lumens 45. When the
port selector 30 is advanced to the forward 30-F position, the multi-mode manifold 10
fluidly connects the pressure transducers 58 to the motility measurement lumens 45.
Figure 6 shows the port selector 30 at the forward 30-F position, allowing the system to be

operated for conducting motility pressure measurements and rectal compliance testing. In



10

15

20

25

30

WO 2013/109938 PCT/US2013/022217

15

this position, only the motility measurement lumens 45 (and therefore motility
measurement balloons 110 of the pressure measuring catheter 100) are connected to
individual pressure transducers 58. As was previously discussed, some embodiments
employ a single motility measurement balloon 110, in which a single pressure transducer
58 would be fluidly coupled to the single motility measurement balloon 110 when the port
selector 30 is moved to the forward 30-F position.

Figure 7 shows various valve positions required to perform the different actions
illustrated in the table of Figure 7. Each of the actions correspond to different steps of a
procedure for priming a motility manometer using a multi-mode manifold 10 in
accordance with some embodiments of the disclosure. In Figure 7, the charging/priming
device 40 is a syringe. The multi-mode manifold 10 incorporates three distinct pathways
to allow priming of the system. The design allows different combinations of fluid
connections between the pressure transducers 58, charging/priming apparatus 40, and
motility measurement lumens 45. It will be appreciated that a multi-mode manifold 10
allows the charging/priming device 40 to be connected to the motility measurement
lumens 45 independent of the pressure transducers 58. This allows the priming to stay
intact when isolating the charging apparatus 40 and connecting the motility measurement
lumens 45 to the pressure transducers 58. Embodiments of a motility manometer that
incorporate a multi-mode manifold 10 provide a charging method without the use of a
charging chamber or structure.

Figures 8A-8C illustrate a multi-port pneumatic connector system in accordance
with embodiments of the disclosure. According to various embodiments, a multi-port
manometer pneumatic connector system is incorporated in a motility manometer to allow
connection of multiple channels of pressure sensing via one easy-to-connect connector.
Motility manometers need to be connected to a pressure measuring source prior to use.
Conventional systems contain multiple connectors which are difficult to connect and can be
incorrectly connected to a wrong channel by the user. Embodiments of a multi-port
pneumatic connector system provide an easy-to-connect and keyed system to ensure proper
orientation of the pressure measuring source.

The embodiment shown in Figures 8 A-8C incorporates an off-the-shelf connector
housing (e.g., a standard connector manufactured by Fischer Connectors, Inc.) which is

modified (customized) to incorporate a molded multi-port insert for connecting the pressure
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measuring source to a mating connector located on the housing of the manometer. The
connector is keyed to ensure proper orientation. The mating connector located on the
manometer housing contains multiple pins containing sealing rings and an internal channel for
transferring the pressure from the mating connector. The pins are located in a custom housing
which is assembled into an off-the-shelf mating connector. The ring seals ensure no pressure
leaks during use. Various embodiments incorporate two such mating connectors (male and
female) to join a motility pressure measurement catheter to a motility manometer. A multi-
port manometer pneumatic connector system can be incorporated into various types of motility
manometers, including esophageal, anorectal, urinary, and uteral manometers.

The multi-port pneumatic connector system illustrated in Figure 8A is a cross
sectional view of the connector system shown in Figure 8B. The connector system
includes a housing connector 101 and a mating catheter connector 400. The housing
connector 101 is mounted on a side of the manometer’s housing 51 as shown in the
embodiment of Figure 2A. The catheter connector 400 is mounted at the proximal end of
an extension catheter 107 which is fluidly coupled to the lumens 102 of the manometer
catheter’s shaft 105. The housing connector 101 is configured as a male connector, and
the catheter connector 400 is configured as a female connector.

The housing connector 101 includes a housing 501 within which four pins 510 are
situated. Each of the pins 510 includes a fluid channel 514 and machined ring seals 512.
The fluid channel 514 of each pin 510 is fluidly connected to a housing lumen 508 which
terminates at a balloon lumen of the multi-port manifold of the pressure sensing device. In
some embodiments, the pins 510 and the ring seals 512 are stainless steel. The catheter
connector 400 includes a housing 401 within which each of the four catheter lumens 102
terminate. The core material 405 within the catheter housing 401 is SANOPRENE
according to some embodiments. Each of the catheter lumens 102 terminate with a lumen
connector 403 which is configured to matingly engage a corresponding housing pin 510
and fluidly connect with the fluid channel 514 of the corresponding housing pin 510. A
threaded nut 505 engages corresponding threads 503 on the housing 501 to secure the
pneumatic connection between the housing connector 101 and the catheter connector 400.

Figure 8C shows a key arrangement that guarantees proper orientation between the
catheter and housing connectors 400 and 101. In the embodiment illustrated in Figure 8C,

the housing 501 of the housing connector 101 includes a longitudinal key 525 which is
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configured to be received by a corresponding longitudinal slot (not shown) provided on
the housing 401 of the catheter connector 400. It is understood that other keying features
can be used other than the key and slot arrangement shown in Figure 8C.

A multi-port manometer pneumatic connector system of the present disclosure can
be incorporated in devices and systems other than manometers. It is to be understood that
even though numerous characteristics of various embodiments have been set forth in the
foregoing description, together with details of the structure and function of various
embodiments, this detailed description is illustrative only, and changes may be made in
detail, especially in matters of structure and arrangements of parts illustrated by the
various embodiments.

Figures 9 and 10 are flow charts that show a number of processes involving a
pressure sensing system of the disclosure in accordance with various embodiments.
Manometry testing in accordance with the embodiment shown in Figure 9 involves
charging 202 the motility measurement balloons of the catheter, and calibrating 204 the
pressure sensors that are used to measure pressure changes within the motility
measurement balloons. Manometry testing according to Figure 9 also involves performing
206 motility measurements using the motility measurement balloons, and performing 208
body cavity (e.g., the rectum) compliance testing using the distension balloon of the
catheter.

Manometry testing in accordance with the embodiment shown in Figure 10
involves charging 222 the motility measurement balloons of the catheter to inflate these
balloons, and subsequently equalizing 224 the motility measurement balloons and pressure
transducers to atmospheric pressure. Manometry testing according to Figure 10 also
involves calibrating 226 the pressure transducers at atmospheric pressure, performing 228
motility measurements using the motility measurement balloons, and performing 230 body
cavity (e.g., the rectum) compliance testing using the distension balloon of the catheter.

Figures 11-20 are graphical diagrams showing an icon-based user interface for a
hand-held motility manometer in accordance with embodiments of the disclosure. The
icon-based user interface is preferably implemented on a tablet PC and/or a medical grade
PC. Anicon-based user interface implemented by software for use in taking motility
measurements eliminates the need for highly skilled users that are required when using

traditional manometry systems. Traditional motility systems use complex software for
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collecting motility data. An icon-based user interface provides the clinician with intuitive
visual instructions in contrast to traditional written instructions. Screen layout provides an
easy to use visual interface in contrast to traditional testing methods.

Turing now to Figure 11, an overall work flow diagram shows three different
processes involving the use of an icon-based user interface for a hand-held motility
manometer in accordance with various embodiments. The overall work flow involves
setup, testing, and reporting processes. The setup work flow involves pairing the pressure
sensing device with the tablet PC, calibrating the pressure transducers in a manner
previously discussed, inputting operator preferences by the clinician, and performing a
manometer setup procedure. The clinician is guided through each of the processes by
various screens presented to the user on the icon-based user interface.

With reference to Figures 11 and 12, the manometer setup procedure involves priming
the motility measurement balloons with a predetermined volume air (e.g., 3 ¢¢) using a syringe
40 with the port selector lever 30 in the up position. According to various embodiments, the
setup procedure also involves calibrating the pressure transducers at atmospheric pressure by
moving the port selector lever 30 to the down position and zeroing out the pressure
transducers. The port selector lever 30 may then be moved to the forward position, placing the
manometer in the operating mode. The setup procedure further includes connecting a
charging syringe filled with a predetermined volume of air (e.g., 60 cc) to the catheter’s
stopcock luer connector. The manometer is now ready to be inserted into the destination body
cavity of the patient, which is a patient’s anal canal in this illustrative embodiment. The
catheter is inserted into the anal cavity until a desired depth is reached. The operator charges
the distention balloon with 10cc of air to allow pressure readings. The catheter is rotated so
that the orientation indicator (e.g., “P”") on the catheter shaft is facing the patient’s spine.

After the clinician finishes entering patient data on a patient data screen 301 shown in Figure
14, testing may then commence.

Figures 15-20 show screen images of the icon-based user interface during each of six
phases of testing. These six tests are well known and are referred to as a resting test
(Figure 15), a squeeze test (Figure 16), an expel empty test (Figure 17), and expel full test
(Figure 18), a sensation test (Figure 19), and an exhale test (Figure 20). It is noted that the
boxes labeled P, L, A, and R in Figures 15-20 refer to the four distinct positions of the four
motility measurement balloons at posterior, left, anterior, and right positions. For each of

the tests, a depth indicator 302 shows the current depth of the catheter as indicated by the



10

15

WO 2013/109938 PCT/US2013/022217

19

depth indicators on the catheter’s shaft. A timer 304 shows the elapsed time for each
phase of the tests. Pressure measurements are recorded for each of the tests.

In Figures 18 and 19, the icon-based interface for the expel full and sensation tests
include a pressure reading icon for the distension balloon. Referring particularly to Figure 19,
this interface allows the clinician to perform rectal compliance testing, which is available
because the distention balloon is implemented as a compliant or semi-compliant balloon.
Each of the four phases of the sensation test, sensation, desire, urgency, and pain, have
discrete icons 310, 312, 314, and 316 which allows the clinician to enter or capture the
distension balloon pressure at which the patient provided feedback for these four tests.

Referring once again to Figure 11, the overall work flow involves generating a variety
of reports for different recipients. The variety of reports includes reports showing data review
screens, reports for diagnostics, reports for insurance purposes, and various forms of data
export (e.g., email, disc, etc.).

It is to be understood that even though numerous characteristics of various
embodiments have been set forth in the foregoing description, together with details of the
structure and function of various embodiments, this detailed description is illustrative
only, and changes may be made in detail, especially in matters of structure and

arrangements of parts illustrated by the various embodiments.
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CLAIMS

What is claimed is:

1. A system, comprising:

a catheter comprising a distal distension balloon and a plurality of
circumferentially arranged motility measurement balloons proximal of the distension
balloon;

a manifold comprising:

a plurality of balloon ports each configured to fluidly couple to one of the
motility measurement balloons;

a plurality of pressure transducer ports; and

a priming port;

a port selector coupled to the manifold and movable between different positions,
cach of the different port selector positions causing the manifold to establish different
fluidic couplings between the respective motility balloon, pressure transducer, and priming
ports; and

a pressure sensing device comprising a plurality of pressure transducers each
fluidly coupled to one of the plurality of pressure transducer ports, the pressure sensing
device configured to coordinate calibration of the pressure transducers at atmospheric
pressure with the port selector in a first position and motility balloon pressure

measurements with the port selector in a third position.

2. The system of claim 1, wherein the pressure sensing device configured to:

coordinate calibration of the pressure transducers at atmospheric pressure with the
port selector in the first position;

coordinate priming of the motility measurement balloons with the port selector in a
second first position; and

coordinate motility balloon pressure measurements with the port selector in the

third position.

3. The system of claim 1, wherein:
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the manifold has an elongated cylindrical shape and is mounted for rotation; and
movement of the port selector causes the manifold to rotate and establish different
fluidic couplings between the respective motility balloon, pressure transducer, and priming

ports at different rotational orientations.

4. The system of claim 1, wherein the manifold comprises an elongated cylinder including
an arrangement of bores therethrough, the bores aligning and fluidly coupling with
different motility balloon, pressure transducer, and priming ports at different rotational

orientations corresponding to the different port selector positions.

5. The system of claim 1, wherein:

the port selector at the first position causes the manifold to fluidly couple the
pressure transducer ports to atmospheric pressure; and

the port selector at the third position causes the manifold to fluidly couple the
pressure transducer ports to the balloon ports and to decouple the priming port from the

pressure transducer and balloon ports.

6. The system of claim 1, wherein the distension balloon comprises a compliant balloon

or a semi-compliant balloon.

7. The system of claim 1, further comprising a wireless communication device configured

to wirelessly couple the system with an external device.

8. The system of claim 7, wherein the external device comprises a tablet PC configured to

execute software for interfacing with and controlling the system.

9. The system of claim 1, wherein:
the manifold, the port selector, and the pressure sensing device are supported by a
housing separable from the catheter; and

the catheter is a disposable catheter.

10. The system of claim 1, wherein:
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the manifold, the port selector, and the pressure sensing device are supported by a
housing separable from the catheter; and

a keyed multi-port connecter is supported by the housing and fluidly coupled to the
balloon ports of the manifold, the housing connector configured to receive a keyed multi-
port connector of the catheter, such that alignment between key features of the housing
and catheter connectors ensure proper alignment with and fluidic coupling between the

balloon ports of the manifold and the motility measurement balloons of the catheter.

11. A system, comprising:
an anorectal manometry catheter comprising:
a distal distension balloon comprising a compliant or semi-compliant
balloon; and
a single or a plurality of circumferentially arranged motility measurement
balloons proximal of the distension balloon;
a manifold comprising:
a single or a plurality of balloon ports each configured to fluidly couple to
one of the motility measurement balloons;
a single or a plurality of pressure transducer ports; and
a priming port; and
a pressure sensing device comprising:
a rectal pressure transducer fluidly coupled to the distension balloon; and
a single or a plurality of pressure transducers each fluidly coupled to the
single or plurality of pressure transducer ports, the pressure sensing device configured to
coordinate calibration of the single or plurality of pressure transducers at atmospheric
pressure with the manifold in a first position, and coordinate rectal compliance
measurements using the rectal pressure transducer and motility balloon pressure
measurements using the single or plurality of pressure transducers with the manifold in a

third position.

12. The system of claim 11, wherein the pressure sensing device is configured to
coordinate priming of the single or plurality of motility measurement balloons with the

manifold in a second position.
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13. The system of claim 11, wherein:
the manifold has an elongated cylindrical shape and is mounted for rotation; and
rotation of the manifold establishes different fluidic couplings between the
respective motility balloon, pressure transducer, and priming ports at different rotational

orientations.

14. The system of claim 11, wherein the distension balloon comprises a compliant balloon

or a semi-compliant balloon.

15. The system of claim 11, further comprising a wireless communication device

configured to wirelessly couple the system with an external computing device.

16. The system of claim 11, wherein:

the manifold and the pressure sensing device are supported by a housing separable
from the catheter; and

a keyed multi-port connecter is supported by the housing and fluidly coupled to the
balloon ports of the manifold, the housing connector configured to receive a keyed multi-
port connector of the catheter, such that alignment between key features of the housing
and catheter connectors ensure proper alignment with and fluidic coupling between the
single or plural balloon ports of the manifold and the single or plural motility

measurement balloons of the catheter.

17. A method, comprising:

selectively establishing different fluidic couplings between a distal distension
balloon and a plurality of circumferentially arranged motility measurement balloons of a
manometry catheter, a plurality of pressure transducers, and a priming port of a multi-
mode manifold in accordance with different orientations of the manifold fluidly coupled
thereto;

calibrating the pressure transducers at atmospheric pressure;

charging the motility measurement balloons so as to inflate the motility

measurement balloons;
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after charging the motility measurement balloons, exposing the motility
measurement balloons to atmospheric pressure; and

operating the motility measurement balloons to perform motility measurements.

18. The method of claim 17, wherein after exposing the motility measurement balloons to
atmospheric pressure, the motility measurement balloons substantially retain their inflated

shape.

19. The method of claim 17, wherein calibrating the pressure transducers comprises

zeroing out the pressure transducers at atmospheric pressure.

20. The method of claim 17, wherein:

calibrating the pressure transducers comprises causing the manifold to fluidly
couple the pressure transducers to atmospheric pressure;

charging the motility measurement balloons comprises causing the manifold to
fluidly couple the priming port with the motility measurement balloons and decouple the
pressure transducers from the priming port and the motility measurement balloons, the
priming port configured to receive a pressurized fluid for inflating the motility
measurcment balloons; and

operating the motility measurement balloons comprises causing the manifold to
fluidly couple the pressure transducers to the motility measurement balloons and to
decouple the priming port from the pressure transducers and motility measurement

balloons.
21. The method of claim 17, wherein the catheter is configured for anorectal manometry,
the method further comprising selectively inflating and deflating the distension balloon to

perform rectal compliance testing.

22. The method of claim 17, further comprising wirelessly coordinating at least a portion

of one or more of the establishing, calibrating, charging, and operating processes.

23. A catheter, comprising:
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a shaft;

a plurality of circumferentially arranged motility measurement balloons provided
on the shaft proximal of the distension balloon;

a lumen arrangement extending along the shaft and comprising a plurality of
motility balloon lumens; and

a multi-port connector provided at a proximal end of the shaft and comprising a
housing, a proximal end of each of the motility balloon lumens terminating within the

connector and the housing comprising a key feature.

24. The catheter of claim 23, further comprising:
a distal distension balloon provided at a distal end of the shaft; and
a distension balloon lumen extending between the distension balloon and the

proximal end of the shaft.

25. A pressure sensing device configured for use with a pressure sensing catheter,
comprising:

a housing;

a manifold comprising:

a plurality of balloon ports each configured to fluidly couple to one of a
plurality of the motility measurement balloons of the catheter;

a plurality of pressure transducer ports; and

a priming port;

a port selector coupled to the manifold and movable between different positions,
cach of the different port selector positions causing the manifold to establish different
fluidic couplings between the respective motility balloon, pressure transducer, and priming
ports; and

a pressure sensing device comprising a plurality of pressure transducers each
fluidly coupled to one of the plurality of pressure transducer ports, the pressure sensing
device configured to coordinate calibration of the pressure transducers at atmospheric
pressure with the port selector in a first position and motility balloon pressure

measurements with the port selector in a third position.
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