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TITLE OF THE INVENTION
SYSTEMS AND METHODS FOR IMAGING SINUSES

RELATED APPLICATIONS

[0001] The present invention claims the benefit, under 35 USC § 119(e), of the filing
5 of U.S. Provisional Patent Application serial number 61/358,762, entitled “Systems and
Methods For Imaging Sinuses,” filed 25 June 2010, which is incorporated herein by reference

for all purposes.
BACKGROUND

[0002] The present disclosure relates generally to medical treatment systems and, more
10 particularly, but not by way of limitation, to systems and methods for imaging sinuses in a
patient.
[0003] At times patients have issues with infected tracts, such as a passage between an
and the skin, that are known as sinuses. Techniques for treating sinuses typically rely on
visual inspection of the sinus and involve the use of medical probes. Issues exist at times,

15  however, with visualizing the sinus or sinuses adequately to allow proper treatment.
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SUMMARY

[0004] According to an illustrative embodiment, a method for imaging a sinus that has
a through sinus in a patient includes the steps of disposing a radiopaque wound filler into the
through sinus, deploying a radiopaque solution into the sinus, and capturing a radiographic
image of the sinus. The radiopaque wound filler has a patterned radiographic image. In the
radiographic image, the radiopaque wound filler presents a first contrast and the radiopaque
solution presents a second contrast.

[0005] According to another illustrative embodiment, a method for imaging a sinus in
a patient includes the steps of using a radiopaque foaming unit to introduce a radiopaque foam
into the sinus. The radiopaque foam is at least initially flowable. The method further includes
capturing a radiographic image of the sinus.

[0006] According to another illustrative embodiment, a method of identifying a foreign
object in a sinus of a patient includes the steps of introducing a radiopaque solution having a
binding agent into the sinus and allowing the radiopaque solution to dwell in the sinus. As the
radiopaque solution dwells, the foreign object absorbs the radiopaque solution. The method
further includes capturing a first radiographic image of the sinus.

[0007] According to another illustrative embodiment, a system for imaging a sinus in a
patient involving a through sinus includes a radiopaque wound filler for disposing into the
through sinus. The radiopaque wound filler has patterned radiopaque markers that are
operable to present a patterned radiographic image. The system further includes a radiopaque
solution for deploying into the sinus and a radiopaque solution unit having a radiopaque
solution reservoir and a positive pressure source. The radiopaque solution unit is fluidly
coupled to the sinus.

[0008] According to another illustrative embodiment, a system for imaging a sinus in a
patient involving a through sinus includes a radiopaque foaming unit for introducing a
radiopaque foam into the sinus. The radiopaque foam is at least initially flowable. The
system further includes a reduced pressure unit for fluidly coupling to the sinus. The reduced
pressure unit is for supplying reduced pressure to the sinus and for receiving fluids from the

sinus.
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[0009] According to another illustrative embodiment, a kit for imaging a sinus in a
patient involving a through sinus is provided. The kit includes a radiopaque wound filler for
disposing into the through sinus. The radiopaque wound filler has patterned radiopaque
markers that are operable to present a patterned radiographic image. The kit further includes a

5 radiopaque solution for deploying into the sinus and operable, when subjected to radiography,
to make a radiographic image different from the patterned radiographic image of the wound
filler. The kit further includes a package for securing the radiopaque wound filler and the
radiopaque solution.

[0010] Other objects and advantages of the illustrative embodiments will become

10 apparent with reference to the drawings and detailed description that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIGURE 1 is a schematic perspective view of an radiopaque wound filler being
inserted into a sinus of a patient;
15 [0012] FIGURE 2 is a schematic perspective view of the sinus of FIGURE 1 shown
with the wound filler appearing as a radiographic image;
[0013] FIGURE 3 is a schematic diagram, with a portion shown in perspective view,
of an illustrative embodiment of system for imaging a sinus of a patient;
[0014] FIGURE 4 is a schematic diagram, with a portion shown in perspective, of
20  another illustrative embodiment of a system for imaging a sinus of a patient; and
[0015] FIGURE 5 is a schematic perspective view of a portion of an illustrative

embodiment of a system for imaging a sinus having a foreign object.



10

15

20

25

WO 2011/163591 PCT/US2011/041825

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0016] In the following detailed description of the illustrative, non-limiting
embodiments, reference is made to the accompanying drawings that form a part hereof. These
embodiments are described in sufficient detail to enable those skilled in the art to practice the
invention, and it is understood that other embodiments may be utilized and that logical,
structural, mechanical, electrical, and chemical changes may be made without departing from
the spirit or scope of the invention. To avoid detail not necessary to enable those skilled in the
art to practice the embodiments described herein, the description may omit certain information
known to those skilled in the art. The following detailed description is not to be taken in a
limiting sense, and the scope of the illustrative embodiments are defined only by the appended
claims. Unless otherwise indicated, as used herein, “or” does not require mutual exclusivity.

[0017] Referring to the drawings and primarily to FIGURES 1-3, an illustrative
embodiment of a system 100 for imaging a sinus 102 of a patient is presented. The system
100 includes a radiopaque wound filler 106 for disposing into a through sinus 104, and a
radiopaque solution unit 108 fluidly coupled to the sinus 102 for deploying a radiopaque
solution 110 into the sinus 102. The system 100 may further include a reduced pressure unit
112 fluidly coupled to the sinus 102 for applying reduced pressure to the sinus 102. The
application of the radiopaque wound filler 106 and the radiopaque solution 110 into the sinus
102 may help enable accurate assessments of complex wound structures having tortuous
sinuses that may be transiently connected or that may otherwise be difficult to detect through
the use of conventional sinogram imaging.

[0018] A sinus is generally any course or path of tissue destruction extending from a
patient’s epidermis 114 (i.e., skin) that creates dead space or cavities. The sinus may be in any
direction underneath the epidermis 114 and may create the potential for abscess formation.
The sinus 102 may further comprise a cavity or hollow in the body, such as a narrow
elongated track extending from the patient’s epidermis 114. The sinus may involve one or
more tissue sites. For example, the sinus 102 may connect to the surface or edge of one or
more wounds. A wound is on a tissue site, and in general, a tissue site may be the bodily

tissue of any human, animal, or other organism, including bone tissue, adipose tissue, muscle
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tissue, dermal tissue, vascular tissue, connective tissue, cartilage, tendons, ligaments, or any
other tissue.

[0019] The sinus 102 may have a tortuous structure comprising a network of cavities.
Certain areas of the sinus may be transiently open to the network or may angle off to form a
hidden sinus. Thus, in the illustrative embodiment, the sinus 102 may include the through
sinus 104 and a hidden sinus 116. The through sinus 104 may be relatively straight. For
example, a probe (not shown) used by a healthcare provider could pass from a first opening
118 of the sinus 102, via the through sinus 104, to a second opening 120 of the sinus 102. The
hidden sinus 116 may branch off from the through sinus 104 making the hidden sinus 116
difficult to locate and assess. In some instances, the hidden sinus 116 may only be transiently
open to the through sinus 104. The transient opening may make it difficult to determine the
hidden sinus’ 116 existence. Should a healthcare provider be unaware of the hidden sinus’
116 existence, the healthcare provider may fail to properly treat the hidden sinus 116, and
thus, potentially allow an infection in the hidden sinus 116 to compromise the treatment of the
sinus 102. The through sinus 104 is typically a sinus 102 going from a first opening 118 to a
second opening 120, but may also be a tract with one opening.

[0020] The radiopaque wound filler 106 may be sized and deployed into the through
sinus 104 via the first opening 118 or the second opening 120 of the sinus 102. The
radiopaque wound filler 106 may refer to devices that have structural elements arranged to
form flow channels, such as, for example, cellular foam and open-cell foam. The radiopaque
wound filler 106 may be porous and may be made from foam, gauze, felted mat, or any other
material suited to a particular biological application. In one embodiment, the radiopaque
wound filler 106 is a porous foam and includes a plurality of interconnected cells or pores that
act as flow channels. The porous foam may be a polyurethane, open-cell, reticulated foam,
such as GranuFoam® material manufactured by Kinetic Concepts, Incorporated of San
Antonio, Texas.

[0021] The radiopaque wound filler 106 may further function as a manifold for
purposes of applying reduced pressure. Reduced pressure generally refers to a pressure less
than the ambient pressure at a tissue site that is being subjected to treatment. In most cases,
this reduced pressure will be less than the atmospheric pressure at which the patient is located.

Alternatively, the reduced pressure may be less than a hydrostatic pressure at the tissue site.
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Unless otherwise indicated, quantitative values of pressure stated herein are gauge pressures.
The reduced pressure delivered may be constant or varied (patterned or random) and may be
delivered continuously or intermittently. Consistent with the use herein, unless otherwise
indicated, an increase in reduced pressure or vacuum pressure typically refers to a reduction in
absolute pressure. Positive pressure generally refers to a pressure greater than ambient
pressure at a tissue site that is being subjected to treatment.

[0022] The radiopaque wound filler 106 may function as a manifold. Manifold
generally refers to a substance or structure that is provided to assist in applying reduced
pressure to, delivering fluids to, or removing fluids from a tissue site, such as the sinus 102. A
plurality of flow channels or pathways in the radiopaque wound filler 106 may help distribute
fluids provided to and removed from the sinus 102 around the radiopaque wound filler 106. In
one illustrative embodiment, the flow channels or pathways are interconnected to improve
distribution of fluids provided or removed from the radiopaque wound filler 106. In some
situations, the radiopaque wound filler 106 may also be used to distribute fluids, such as
medications, antibacterials, growth factors, and various solutions to the sinus 102.

[0023] The radiopaque wound filler 106 includes a first radiopaque marker 122 that
may coat the radiopaque wound filler 106 or be imbedded in or attached to the radiopaque
wound filler 106 or otherwise associated with the radiopaque wound filler 106. While the
whole of the radiopaque wound filler 106 may not be radiopaque, it often is.

[0024] The radiopaque wound filler 106 is porous and may be formed from a
reticulated foam. The foam may be made from polyurethane (PU), which is made by mixing
monomers together along with a foaming agent. The radio opaque agent(s) or markers, e.g.,
markers 122, 134, may be added to the monomers prior to mixing and foaming the
polyurethane foam. The polyurethane foam may be made in a range of densities (16 — 64
kg/m®) and porosities (15 pores per inch (ppi) — 200 ppi)).

[0025] The formed polyurethane foam used to form the radiopaque wound filler 106
may be further heated and compressed to form a felted foam where the density of the foam
may be increased by up to six times. The polyurethane foam may also have the radio opaque
material coated onto its surface, for example by plasma treatment where the coating is
chemically grafted to a substrate of the polyurethane foam. The radiopaque wound filler 106

may be cut, die cut, or routed from the foam in rods of various dimensions (e.g., a length up to



10

15

20

25

30

WO 2011/163591 PCT/US2011/041825

1 m, diameter up to 5 cm), where the cross sectional shape of each rod is typically circular, but
could also be square, or star shaped, or other shapes. In addition, there could be grooves or
slits formed into the length of the rod. Other polymer foams may be formed from solutions or
from the melt.

[0026] The radiopaque wound filler 106 may also be formed from a sintered polymer
material (see, e.g., POREX materials from Porex Technologies of Fairburn, Georgia, U.S.A.
(www.porex.com), or FILTRONA materials from Filtrona plc of Milton Keynes, United
Kingdom (www.filtrona.com)). To create the radiopaque wound filler 106 with this approach,
polymer granules are compressed and heated to form porous sheets and simple geometric
shapes (such as rods described above). The polymer may be premixed with radio opaque
material before sintering, or the fully sintered polymer form may be coated using plasma
coating as described above or another technique.

[0027] Suitable polymer materials for use herein include the following: Polyurethane,
vinyl acetate homo and copolymers, acrylics, polyolefins, polyesters, polyamides,
thermoplastic elastomers, silicones, and fluoropolymers. Suitable materials for the radio
opaque markers, e.g., radio opaque markers 122, 134, include compounds containing barium
sulphate (barytes) or iodine and its compounds. For example, an iodine modified acrylic
monomer could be used as a precursor for plasma-based coating of the marker material.

[0028] The first radiopaque marker 122 may be arranged in or on the radiopaque
wound filler 106 to present a distinctive pattern that is visible in a sinogram image, or
radiographic image, i.e., the first radiopaque marker 122 presents a patterned radiographic
image. The first radiopaque marker 122 may be a spaced plurality of radiopaque markers or
materials that form what may be referred to as patterned radiopaque markers. The first
radiopaque marker 122 presents a first contrast 124 or distinctive image on a radiographic
image. The first contrast 124 allows the location of the first radiopaque marker 122 to be seen
on the radiographic image. The sinogram image may be created, for example, from computed
tomography scans (CT scans), magnetic resonance imaging (MRI), ultrasound (US), or x-rays.
For illustration purposes, the first radiopaque marker 122 and the first contrast 124 are shown
in FIGURE 2 as they might appear on a sinographic image. The radiopaque wound filler 106

is, thus, operable to present a patterned sinogram image when a sinogram is taken.
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[0029] Referring now to FIGURE 3, the radiopaque solution unit 108 includes a
radiopaque solution reservoir 126 that contains the radiopaque solution 110. The radiopaque
solution unit 108 may also include a positive pressure source 128 for delivering the radiopaque
solution 110 to the sinus 102. The positive pressure source 128 may be fluidly coupled by a
first conduit 130 to the radiopaque solution reservoir 126 to deliver positive pressure to the
radiopaque solution reservoir 126. The positive pressure source 128 may cause the radiopaque
solution 110 to be delivered via a second conduit 132 to the first opening 118 of the sinus 102.
The radiopaque solution unit 108 may utilize any device or structure for delivering the
radiopaque solution 110 to the sinus 102. The radiopaque solution 110 may be applied to the
first opening 118 of the sinus 102 continuously or intermittently.

[0030] The radiopaque solution 110 includes a second radiopaque marker 134 that may
be visible in a sinogram image as shown in FIGURE 3. The second radiopaque marker 134
may present a second contrast 136 distinct from the first contrast 124. The radiopaque
markers 122, 134 may include spaced metallic material, barium compounds, iodine
compounds, graphene liquid, bismuth compounds such as bismuth subcarbonate, or other
radiopaque materials. For example, without limitation, the radiopaque markers 122, 134 or
patterned radiographic markers may be spaced metallic material or spaced graphene material
in or on the radiopaque wound filler 106. For illustrative purposes, the radiopaque markers
122 and 134 and contrasts 124 and 136 are shown in FIGURE 3 as they might appear on a
sinogram image.

[0031] As previously noted, the reduced pressure unit 112 may be fluidly coupled to
the sinus 102 for applying reduced pressure to the sinus 102. The reduced pressure unit 112
may include a reduced pressure source 138 fluidly coupled to a collection reservoir 140. A
first reduced pressure delivery conduit 142 provides fluid communication between the second
opening 120 of the sinus 102 and the collection reservoir 140. Liquids or exudates
communicated from the second opening 120 through the first reduced pressure delivery
conduit 142 are removed from the first reduced pressure delivery conduit 142 and retained
within the collection reservoir 140. A second reduced pressure delivery conduit 143 may
fluidly couple the collection reservoir 140 to the reduced pressure source 138. The reduced

pressure unit 112 may be any device, structure, or technique for delivering reduced pressure to
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the sinus 102. The reduced pressure may be applied to the second opening 120 of the sinus
102 continuously or intermittently.

[0032] In an alternative illustrative embodiment (not explicitly shown), the sinus 102
may include only the first opening 118 and both the radiopaque solution unit 108 and the
reduced pressure unit 112 may be fluidly coupled to the first opening 118 to deliver the
radiopaque solution 110 and the reduced pressure to the first opening 118. The radiopaque
solution 110 and the reduced pressure may be applied in sequence.

[0033] In one illustrative embodiment, a method for imaging the sinus 102 that
includes or involves the through sinus 104 in a patient includes disposing the radiopaque
wound filler 106 into the through sinus 104. The healthcare provider may dispose the
radiopaque wound filler 106 into the through sinus 104 by sizing the radiopaque wound filler
106 and inserting the radiopaque wound filler 106 into the first opening 118 or the second
opening 120 of the sinus 102. The healthcare provider may fluidly couple the radiopaque
solution unit 108 to the first opening 118 using the second conduit 132. A first interface 119
may be used to facilitate forming a seal over the first opening 118 while allowing fluid
communication between the second conduit 132 and the sinus 102. The radiopaque solution
110 may be introduced or deployed into the first opening 118 using positive pressure, by
pulling the radiopaque solution 110 with reduced pressure delivered through a second
interface 121, or by any other technique. A sinogram image, or radiographic image, of the
sinus 102 is then captured. In the sinographic image, the radiopaque wound filler 106 presents
the first contrast 124 and the radiopaque solution 110 presents the second contrast 136 as
shown clearly in FIGURE 3.

[0034] Using the contrasts 124, 136 in one or more sinogram images, or radiographic
images, the healthcare provider may identify the hidden sinus 116 by locating areas having the
second contrast 136 without the first contrast 124. Additionally, the healthcare provider may
optimize the placement of the radiopaque wound filler 106 in the sinus 102 and monitor the
healing progression of the tissue site based on the results of the one or more sinogram images.
The healthcare provider may also determine the volume of the sinus 102 by using two or more
sinogram images having different orientations to calculate the volume of the sinus 102.

[0035] The healthcare provider may further fluidly couple the reduced pressure unit
112 to the second opening 120 of the sinus 102 and apply reduced pressure to the sinus 102,



10

15

20

25

30

WO 2011/163591 PCT/US2011/041825

The second interface 121 may used to provide a fluid seal over the second opening 120 while
allowing fluid communication between the first reduced pressure delivery conduit 142 and the
sinus 102. Reduced pressure may be distributed via the radiopaque wound filler 106.

[0036] Referring now primarily to FIGURE 4, another illustrative embodiment of a
system 200 for imaging a sinus 202 of a patient is presented. The system 200 includes a
radiopaque foaming unit 208 for introducing a radiopaque foam 210 into the sinus 202. The
system 200 may further include a reduced pressure unit 212 fluidly coupled to the sinus 202
for applying reduced pressure to the sinus 202. The introduction of the radiopaque foam 210
into the sinus 202 may help enable accurate assessments of complex wound structures having
tortuous sinuses that may be transiently connected. The radiopaque foam 210 may expand or
push into areas of the sinus 202 that would otherwise be closed at the time of treatment. One
or more sinogram images may be recorded.

[0037] The radiopaque foaming unit 208 may include a first fluid source 244
containing a first fluid 246, a second fluid source 248 containing a second fluid 250, and a
radiopaque solution source 252 containing a radiopaque solution 254. The fluid sources 244,
248, and the radiopaque solution source 252 are fluidly coupled to a coupler 256 via conduits
258, 260, and 262, respectively. The coupler 256 is fluidly coupled by a conduit 264 to a first
opening 218 of the sinus 202. A first interface 219 may be disposed over the first opening 218
to provide a fluid seal while allowing fluid communication between the conduit 264 and the
sinus 202. The first fluid 246, the second fluid 250, and the radiopaque solution 254 produce
the radiopaque foam 210 when mixed. The radiopaque foam 210 is at least initially flowable.

[0038] The first fluid 246, the second fluid 250, and the radiopaque solution 254 may
be mixed in a mixing area 266 in or near the coupler 256. The mixing area 266 may be the
coupler 256 or the coupler 256 and the conduit 264. In an alternative embodiment (not
explicitly shown), the mixing area 266 may be at the first opening 218 or in the sinus 202
itself. In one illustrative embodiment, the radiopaque solution 254 may be pre-mixed into the
first fluid 246 or the second fluid 250.

[0039] The first fluid 246 and the second fluid 250 may be any fluids that when
combined create a temporary or permanent foam. For example, the first fluid 246 may be an
acidic solution, and the second fluid 250 may be a basic solution. In specific, non-limiting

embodiments, the first fluid 246 may comprise citric acid, acetic acid, hypochlorous acid,
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ascorbic acid, or benzoic acid. The second fluid 250 may include sodium bicarbonate,
hydrogen peroxide, and carbonic acid. The first and second fluids 246, 250 may include a
surfactant configured to stabilize the radiopaque foam 210. The radiopaque foam 210 may
include gas comprising between 10 and 99 percent volume of the radiopaque foam 210.

[0040] As previously noted, the system 200 may further include the reduced pressure
unit 212 that is fluidly coupled to the sinus 202 for applying reduced pressure to the sinus 202.
The reduced pressure unit 212 may include a reduced pressure source 238 fluidly coupled to a
collection reservoir 240. A reduced pressure delivery conduit 242 may provide fluid
communication between a second opening 220 of the sinus 202 and the collection reservoir
240. A second interface 221 may be disposed over the second opening 220 to provide a fluid
seal and yet to allow fluid communication between the reduced pressure delivery conduit 242
an the sinus 202.

[0041] Liquids or exudates communicated from the second opening 220 through the
reduced pressure delivery conduit 242 are removed from the reduced pressure delivery conduit
242 and delivered to the collection reservoir 240. A reduced pressure delivery conduit 243
may fluidly couple the collection reservoir 240 and the reduced pressure source 238. As
before, the reduced pressure unit 212 and the radiopaque foaming unit 208 may be applied to
the same opening, either first opening 218 or second opening 220, and applied sequentially.
When applied to the first opening 218 and the second opening 220, the radiopaque foaming
unit 208 and the reduced pressure unit 212 may be applied simultaneously and continuously in
some embodiments.

[0042] In some illustrative embodiments, the radiopaque foam 210 may serve to both
facilitate making sinograms and facilitate applying reduced pressure. The radiopaque foam
210 may behave in a manner similar to solid wound filling foams. The radiopaque foam 210
may expand into the sinus 202 so that a radiographic image may be captured and may have
characteristics to allow the radiopaque foam 210 to be used for reduced pressure application.
For example, the radiopaque foam 210 may be a self-reticulating foam, such as one created by
the use of blowing agents that release gases at rates capable of bursting foam cells and a
controlled viscosity liquid. In addition, liquids or solids may be incorporated into the
radiopaque foam 210 for additional support, delivery of medicine or other liquids, or enhanced

sinograms.
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[0043] In an illustrative embodiment, a method for imaging the sinus 202 in a patient
includes causing the first fluid 246, the second fluid 250, and the radiopaque solution 254 to
enter the mixing area 266 and the sinus 202. The method may include mixing the first fluid
246, the second fluid 250, and the radiopaque solution 254 in the mixing arca 266 to create the
radiopaque foam 210 and then causing the radiopaque foam 210 to flow into the sinus 202.
Alternatively, the mixing area 266, where the mixing occurs, may be in the sinus 202. One or
more sinogram images, or radiographic images, of the sinus 202 are captured.

[0044] Referring still to FIGURE 4, but in regard to an alternative illustrative
embodiment (not explicitly shown), the radiopaque foaming unit 208 may include the first
fluid source 244 having a radiopaque, foamable solution. The radiopaque, foamable solution
may include radio opaque materials of the types previously described. The radiopaque,
foamable solution may be formed from a two-part (e.g., part A and part B) alginate mix such
that when both parts are mixed, the initially-mobile alginate forms a gel. Part A of the alginate
mix may be a blowing agent, such as a bicarbonate, and part B may be a weal acid, such as
citric acid. When the two parts are mixed, a gelling process begins. In addition, carbon
dioxide is generated to form the foam.

[0045] Rather than the chemical blowing agent system just described, a mechanical
foam generation may also be used. With mechanical foam generation, parts A and B of the
alginate mix as passed through an aeration mixer before being delivered to the sinus.

[0046] The radiopaque foaming unit 208 may include a foaming mechanism for
generating a radiopaque foam from the radiopaque, foamable solution. The radiopaque foam
may be instilled into the first opening 218 via a conduit, such as the conduit 264.

[0047] The foaming mechanism may be a mechanical agitator that includes one or
more rotating elements that generates the radiopaque foam when placed in contact with the
radiopaque, foamable solution. In a specific, illustrative, non-limiting embodiment the
foaming mechanism may include an electric motor operable to rotate a shaft with paddles or
other shaft extensions that contact the radiopaque, foamable solution during operation.
Alternatively, the foaming mechanism may include an injector for injecting a gas into the first
fluid source 244 to generate the radiopaque foam. In another specific, non-limiting,
illustrative embodiment, the foaming mechanism may include a reservoir of pressurized air

and a nozzle configured to direct the pressurized air into the first fluid source 244.
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[0048] Referring now primarily to FIGURE 5, an illustrative embodiment of a system
300 for imaging a sinus 302 to identify a foreign object 368 in a patient is presented. The
system 300 may include a radiopaque solution unit (not shown but analogous to those
previously presented) fluidly connected to the sinus 302 via a conduit 332. The radiopaque
solution unit is for disposing a radiopaque solution 310 into the sinus 302. The system 300
may further include a reduced pressure unit (not shown but analogous to those previously
presented) that is fluidly coupled to the sinus 302 via a reduced pressure delivery conduit 342.
The reduced pressure unit is for applying reduced pressure to the sinus 302. The sinus 302
includes a through sinus 304 and a hidden sinus 316. As shown, the foreign object 368 may
be present in the hidden sinus 316.

[0049] The radiopaque solution unit may introduce the radiopaque solution 310 into a
first opening 318 of the sinus 302 and may include one or more binding agents (not shown),
¢.g., carboxymethyl cellulose and its salts. The radiopaque solution 310 dwells in the sinus
302. Dwell means the radiopaque solution 310 is in the sinus 302 over a period of time
regardless of whether the radiopaque solution 310 is static or moving. The one or more
binding agents adheres to a sinus wall 372, the foreign object 368, or any infectious materials
(not explicitly shown). The one or more binding agents may also build-up in the sinus 302
over time.

[0050] The reduced pressure unit may be fluidly connected to a second opening 320 of
the sinus 302 for applying reduced pressure to the sinus 302 and receiving fluids from the
sinus 302. The reduced pressure unit may be analogous to the reduced pressure units
previously presented.

[0051] In one illustrative embodiment, a method for identifying the foreign object 368
in the sinus 302 of a patient includes introducing the radiopaque solution 310 having the
binding agent into the sinus 302. The radiopaque solution 310 is allowed to dwell in the sinus
302. The foreign object 368 absorbs the radiopaque solution 310 and may absorb more (or
different amount) than other tissue or items in the sinus 302 to facilitate identification. Then a
first radiographic image, or first sinographic image, of the sinus 302 is captured. The step of
capturing the first sinographic image may include capturing the first sinographic image after a

first elapsed time (t;), and further include capturing a second sinographic image of the sinus
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302 after a second elapsed time (t;). The foreign object 368 may show a greater contrast when
the first sinographic image and the second sinographic image are compared.

[0052] The radiopaque solution 310 may be introduced into the sinus 302
intermittingly over a period of time or may be continuously introduced into the sinus 302.
Over a course of treatments, the radiopaque solution 310 may build-up in the sinus 302.
Additionally, introducing the radiopaque solution 310 over a period of time may provide the
opportunity for the radiopaque solution 310 to reach into areas of the sinus 302 that may have
been previously closed, e.g., a hidden sinus, such as the hidden sinus 316 which may be
intermittently closed to the through sinus 304. A sinographic image may show a greater
contrast between the through sinus 304 and the hidden sinus 316 as the through sinus 304 may
have a higher concentration of the binding agent than the transiently closed hidden sinus, e.g.,
the hidden sinus 316. The foreign object 368 may absorb the most radiopaque solution 310 or
at least a differing amount that allows a contrast.

[0053] In another embodiment, a kit may be formed that facilitates the imaging of a
sinus. The kit includes a radiopaque wound filler for disposing into the through sinus. The
radiopaque wound filler may be any of the types previously described. The radiopaque wound
filler has patterned radiopaque markers that are operable to present a patterned radiographic
image. The kit further includes a radiopaque solution for deploying into the sinus and
operable, when subjected to radiography, to make a radiographic image different from the
patterned radiographic image of the wound filler. The kit further includes a package for
securing the radiopaque wound filler and the radiopaque solution. The package may be for
example a formed polymer tray that receives the foam into a shelf and has a sealed vial
containing the radiopaque solution. The vial may be received into a portion of the package
using an interference fit. The kit may further include a radiopaque solution unit as previously
described.

[0054] According to an illustrative embodiment, a method for imaging a sinus that
includes a through sinus in a patient comprises: disposing a radiopaque wound filler into the
through sinus, wherein the radiopaque wound filler includes a first radiopaque marker to
present a first contrast in a sinographic image; deploying a radiopaque solution into the sinus;
and capturing a sinographic image of the sinus in which the first radiopaque marker of the

radiopaque wound filler presents the first contrast and the radiopaque solution presents a
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second contrast. The method may further comprise identifying a hidden sinus by identifying
areas having the second contrast and not the first contrast. The method may further comprise
applying reduced pressure to the sinus. The step of deploying the radiopaque solution may
comprise introducing the radiopaque solution using positive pressure; wherein the radiopaque
wound filler comprises a reduced pressure manifold; and the method may further comprise
applying reduced pressure to the sinus. According to one embodiment, the sinus has a first
opening and a second opening, and wherein the radiopaque solution may be introduced
through the first opening and the reduced pressure may be introduced through the second
opening. In another illustrative embodiment, the radiopaque solution may be introduced
through the first opening and the reduced pressure may also be introduced through the first
opening.

[0055] According to another illustrative embodiment, a method for imaging a sinus in
a patient comprises: using a radiopaque foaming unit to introduce a radiopaque foam into the
sinus, wherein the radiopaque foam is at least initially flowable; and capturing a sinographic
image of the sinus. The radiopaque foaming unit may comprise a first fluid source containing
a first fluid; a second fluid source containing a second fluid; a radiopaque solution source
containing a radiopaque solution; a mixing area fluidly coupled to the first fluid source, the
second fluid source, and the radiopaque solution source; and wherein the radiopaque foaming
unit is operable to produce the radiopaque foam when the first fluid, the second fluid, and the
radiopaque solution are mixed. The step of using the radiopaque foaming unit may comprise:
introducing a first fluid into a mixing area; introducing a second fluid into the mixing area;
introducing a radiopaque solution into the mixing area; mixing the first fluid, the second fluid,
and the radiopaque solution in the mixing area to create the radiopaque foam; and causing the
radiopaque foam to flow into the sinus. The radiopaque foaming unit may comprise a first
fluid source containing a radiopaque, foamable solution and an agitator. The radiopaque
foaming unit may comprise a first fluid source containing a radiopaque, foamable solution and
a gas injector for causing the radiopaque, foamable solution to foam.

[0056] According to another illustrative embodiment, a method of identifying a foreign
object in a sinus of a patient includes the steps of’ introducing a radiopaque solution having a
binding agent into the sinus; allowing the radiopaque solution to dwell in the sinus, wherein

the radiopaque solution attaches to the foreign object; and capturing at least one sinographic
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image of the sinus. The step of capturing the at least one sinographic image comprises
capturing a first sinographic image after a first elapsed time (t1) and further comprising
capturing a second sinographic image of the sinus after a second elapsed time (t2), and
wherein the foreign object shows a greater contrast between the first sinographic image and
the second sinographic image.

[0057] According to another illustrative embodiment, a system for imaging a sinus in a
patient involving a through sinus comprises: a radiopaque wound filler for disposing into the
through sinus, wherein the radiopaque wound filler has patterned radiopaque markers that are
operable to present a patterned radiographic image on a radiographic image; a radiopaque
solution for deploying into the sinus; and a radiopaque solution unit having a radiopaque
solution reservoir and a positive pressure source, the radiopaque solution unit for fluidly
coupling to the sinus. The patterned radiographic markers may comprise spaced metallic
material. The patterned radiographic markers may comprise spaced graphene material. The
system may further comprise a reduced pressure unit for fluidly coupling to the sinus.

[0058] According to another illustrative embodiment, a system for imaging a sinus in a
patient involving a through sinus comprises: a radiopaque foaming unit for introducing a
radiopaque foam into the sinus, wherein the radiopaque foam is at least initially flowable; and
a reduced pressure unit for fluidly coupling to the sinus, the reduced pressure unit for
supplying reduced pressure to the sinus and for receiving fluids from the sinus. The
radiopaque foaming unit may comprise: a first fluid source containing a first fluid; a second
fluid source containing a second fluid; a radiopaque solution source containing a radiopaque
solution; a mixing area fluidly coupled to the first fluid source, the second fluid source, and
the radiopaque solution source; and wherein the radiopaque foaming unit is operable to
produce the radiopaque foam when the first fluid, the second fluid, and the radiopaque
solution are mixed. The radiopaque foaming unit may comprises a first fluid source
containing a radiopaque, foamable solution and an agitator. The radiopaque foaming unit may
comprises a first fluid source containing a radiopaque, foamable solution and a gas injector for
causing the radiopaque, foamable solution to foam.

[0059] According to another illustrative embodiment, a kit for imaging a sinus in a
patient involving a through sinus comprises: a radiopaque wound filler for disposing into the

through sinus; wherein the radiopaque wound filler has patterned radiopaque markers that are
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operable to present a patterned radiographic image; and a radiopaque solution for deploying
into the sinus and operable, when subjected to radiography, to make a radiographic image
different from the patterned radiographic image of the wound filler. The kit may further
include a package for securing the radiopaque wound filler and the radiopaque solution.

[0060] Systems, devices, and methods for imaging a sinus in a patient involving a
through sinus are presented herein. In one instance, a system includes a radiopaque wound
filler for disposing into the through sinus. The system further includes a radiopaque solution
for deploying into the sinus, and a radiopaque solution unit having a radiopaque solution
reservoir and a positive pressure source. Other systems, devices, and methods are presented
above.

[0061] Although the present invention and its advantages have been disclosed in the
context of certain illustrative embodiments, it should be understood that various changes,
substitutions, permutations, and alterations can be made without departing from the scope of
the invention as defined by the appended claims. As an illustrative example, components from
one illustrative embodiment may be used with components from another embodiment.

[0062] Tt will be understood that the benefits and advantages described above may
relate to one embodiment or may relate to several embodiments. It will further be understood
that reference to “an” item refers to one or more of those items.

[0063] The steps of the methods described herein may be carried out in any suitable
order, or simultaneously where appropriate.

[0064] Where appropriate, aspects of any of the embodiments described above may be
combined with aspects of any of the other embodiments described to form further examples
having comparable or different properties and addressing the same or different problems.

[0065] Tt will be understood that the above description of preferred embodiments is
given by way of example only and that various modifications may be made by those skilled in
the art. The above specification, examples and data provide a complete description of the
structure and use of exemplary embodiments of the invention. Although various embodiments
of the invention have been described above with a certain degree of particularity, or with
reference to one or more individual embodiments, those skilled in the art could make
numerous alterations to the disclosed embodiments without departing from the scope of the

claims.
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CLAIMS

We claim:

Claim 1. A method for imaging a sinus that includes a through sinus in a patient, the
method comprising:

disposing a radiopaque wound filler into the through sinus, wherein the radiopaque
wound filler includes a first radiopaque marker to present a first contrast in a
sinographic image;

deploying a radiopaque solution into the sinus; and

capturing a sinographic image of the sinus in which the first radiopaque marker of
the radiopaque wound filler presents the first contrast and the radiopaque

solution presents a second contrast.

Claim 2. The method of claim 1, further comprising identifying a hidden sinus by

identifying areas having the second contrast and not the first contrast.

Claim 3. The method of claim 1 or claim 2, further comprising applying reduced

pressure to the sinus.

Claim 4. The method of claim 1 or claim 2, wherein:
the step of deploying the radiopaque solution comprises introducing the radiopaque
solution using positive pressure;
wherein the radiopaque wound filler comprises a reduced pressure manifold; and

further comprising applying reduced pressure to the sinus.

Claim 5. The method of claim 3 or claim 4, wherein the sinus has a first opening and a
second opening, and wherein the radiopaque solution is introduced through the first

opening and the reduced pressure is introduced through the second opening.

Claim 6. The method of claim 3 or claim 4, wherein the sinus has a first opening and
wherein the radiopaque solution is introduced through the first opening and the reduced

pressure is introduced through the first opening.
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Claim 7. A method for imaging a sinus in a patient, the method comprising:
using a radiopaque foaming unit to introduce a radiopaque foam into the sinus,
wherein the radiopaque foam is at least initially flowable; and

capturing a sinographic image of the sinus.

5  Claim 8. The method of claim 7, wherein the radiopaque foaming unit comprises:
a first fluid source containing a first fluid;
a second fluid source containing a second fluid;
a radiopaque solution source containing a radiopaque solution;
a mixing area fluidly coupled to the first fluid source, the second fluid source, and
10 the radiopaque solution source; and
wherein the radiopaque foaming unit is operable to produce the radiopaque foam

when the first fluid, the second fluid, and the radiopaque solution are mixed.

Claim 9. The method of claim 7, wherein the step of using the radiopaque foaming unit
comprises:
15 introducing a first fluid into a mixing area;
introducing a second fluid into the mixing area;
introducing a radiopaque solution into the mixing area;
mixing the first fluid, the second fluid, and the radiopaque solution in the mixing
area to create the radiopaque foam; and

20 causing the radiopaque foam to flow into the sinus.

Claim 10. The method of claim 7, wherein the radiopaque foaming unit comprises a first

fluid source containing a radiopaque, foamable solution and an agitator.

Claim 11. The method of claim 7, wherein the radiopaque foaming unit comprises a first
fluid source containing a radiopaque, foamable solution and a gas injector for causing the

25 radiopaque, foamable solution to foam.
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Claim 12. A method of identifying a foreign object in a sinus of a patient, the method
comprising the steps of:
introducing a radiopaque solution having a binding agent into the sinus;
allowing the radiopaque solution to dwell in the sinus, wherein the radiopaque
5 solution attaches to the foreign object; and

capturing at least one sinographic image of the sinus.

Claim 13. The method of claim 12, wherein the step of capturing the at least one
sinographic image comprises capturing a first sinographic image after a first elapsed time
(t1) and further comprising capturing a second sinographic image of the sinus after a
10 second elapsed time (t,), wherein the foreign object shows a greater contrast between the

first sinographic image and the second sinographic image.

Claim 14. A system for imaging a sinus in a patient involving a through sinus, the system
comprising:
a radiopaque wound filler for disposing into the through sinus, wherein the
15 radiopaque wound filler has patterned radiopaque markers that are operable
to present a patterned radiographic image on a radiographic image;
a radiopaque solution for deploying into the sinus; and
a radiopaque solution unit having a radiopaque solution reservoir and a positive
pressure source, the radiopaque solution unit for fluidly coupling to the

20 sinus.

Claim 15. The system of claim 14, wherein the patterned radiographic markers comprise

spaced metallic material.

Claim 16. The system of claim 14, wherein the patterned radiographic markers comprise

spaced graphene material.

25  Claim 17. The system of claim 14, further comprising a reduced pressure unit for fluidly

coupling to the sinus.
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Claim 18. A system for imaging a sinus in a patient involving a through sinus, the system
comprising:
a radiopaque foaming unit for introducing a radiopaque foam into the sinus, wherein
the radiopaque foam is at least initially flowable; and
5 a reduced pressure unit for fluidly coupling to the sinus, the reduced pressure unit
for supplying reduced pressure to the sinus and for receiving fluids from the

sinus.

Claim 19. The system of claim 18, wherein the radiopaque foaming unit comprises:
a first fluid source containing a first fluid;
10 a second fluid source containing a second fluid;
a radiopaque solution source containing a radiopaque solution;
a mixing area fluidly coupled to the first fluid source, the second fluid source, and
the radiopaque solution source; and
wherein the radiopaque foaming unit is operable to produce the radiopaque foam

15 when the first fluid, the second fluid, and the radiopaque solution are mixed.

Claim 20. The system of claim 18, wherein the radiopaque foaming unit comprises a first

fluid source containing a radiopaque, foamable solution and an agitator.

Claim 21. The system of claim 18, wherein the radiopaque foaming unit comprises a first
fluid source containing a radiopaque, foamable solution and a gas injector for causing the

20 radiopaque, foamable solution to foam.
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Claim 22. A kit for imaging a sinus in a patient involving a through sinus, the kit
comprising:
a radiopaque wound filler for disposing into the through sinus;
wherein the radiopaque wound filler has patterned radiopaque markers that are
5 operable to present a patterned radiographic image; and
a radiopaque solution for deploying into the sinus and operable, when subjected to
radiography, to make a radiographic image different from the patterned

radiographic image of the wound filler.

Claim 23. The kit of claim 22, further comprising a package for securing the radiopaque

10 wound filler and the radiopaque solution.
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