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DEVICES AND METHODS FOR TESTING THE CLEANLINESS OF MEDICAL
INSTRUMENTS

DESCRIPTION
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[001] The present disclosure is directed {owards devices and methods for

testing the cleaniiness of medical instruments.

BACKGROUND

10021 Endoscopes and other elongated medical instrumenis are relatively
expensive products because they are typically configured for multiple uses. These
instruments include one or more cannulas or lumens, through which surgical
implements and other devices are passed during a surgical procedure. During use,
a cannuia may be exposed to bodily fluids and other materials that can accumulate
on an inner surface of the lumen. if the accumulated material is not thoroughly
cleaned from the inner surface prior to disinfection and sterilization, surgical debris
can be passed {o another patient, leading to infection or other compilications. 111
thus critical to properly clean the interior surfaces of endoscopes and simiiar surgical
instruments. However, these medical devices can inciude iong, narrow, 1oriuous
lumens, which are often difficult to access and clean properly.

10031 Another challenge includes properly determining when a cannuiated
device has been properly cleaned. Lumens of such device are difficult or impossibie
to inspect visually. Standard cleaning protocols can be {ollowed but these do not
always result in a properly cleaned device. Consequently, improved {esiing methods
and devices are required to ensure an elongated medical mstrument 1s properly
cieaned.

1004] Various techniques and devices have been previously proposed for
cleaning cannulated instruments. The simplest procedure involves immersing the
devices in solutions containing a detergent. Other applications use a smail flexible
brush, much like the conventional botlle brush having bristles locked between
twisied wires. Such brushes are not entirely effective as they do not always eveniy

contact all the inner surfaces of a lumen. in addition, the bristles can scratch or



damage the interior surfaces of the endoscopes and leave hardened deposiis
behind.

[005] One possible solution {o this probiem is disclosed by U.S. Patent
Application Publication No. US 2003/0213501A1, which describes a hydrophilic
polyurethane coating deposited on the bristles of a conventional endoscopic cleaning
brush. Ancther solution is disclosed by U.S. Patent No. 6,689,331, which describes

a wiping member configured to uniformly distribute the contaminates on the internal
wail of the lumen and ireating the resuiting film with an enzyme. Yet another solution
is disclosed by U.S. Patent No. 6,045,623, which describes both a brush and a swab
attacned to a shaft for cleaning umens. Another cleaning system uses a
polyurethane foam immersed n an enzymatic cleaning soiution, as descrived in
commonly assigned U.S, Patent Application Publication No. 2006/0102200,

However, none of these devices always
provide perfect cleaning of medical instructions, necessitating testing cleaning
effectiveness.

[006] One method for testing the cleaniiness of an instrument following a
cleaning protocol includes passing a test swab through the “cleaned” cannula and
analyzing the test swab for any biological debris or biocburden. One test of bichurden
relies on the presence of adenosine triphosphate (ATP). ATP is a molecule found in
and around living cells, and can provide a direct measure of biological concentration.
However, current systems and methods cannot test for ATP where biological cells
are contained within a biofiim.

1037] A biofilm s produced by a complex and coordinated network of
microbes having increased resistance {0 detergents and antibictics. Microbes within
the network form an organic poiymer matnix, producing a sticky mucous coating, or
siime. The matrix provides structural support for celiuiar communities formed within

the network. Channels may distribute nutrients within the network, allowing the

communities tc grow in a more isolated environment.

[008] Biofiims can include a variety of microbes, including aerobic and
anaerobic bactera, algae, protozea, and fungt. The bacteria in a biofiim can have
significantly different properties from free-floating bacteria due to the complex matrix
structure. For example, microbial cells within the matrix may have unigue gene

expression. This may allow synergistic interactions within the complex network

CA 2903263 2019-02-26



CA 02903263 2015-08-31

WO 2014/138043 PCT/US2014/020267

10091 Current devices and methods are not able to consistently extract ATP
from biological celis contained within a protective bictiim. Conseguently, current
devices and methods may underreport the true level of cleaniiness of a medical
instrument if the testing relies upon ATP analysis. The present disclosure provides
improved devices and methods for testing the cleanliness of cannulated medical

nstruments.
,SUMMARY{

101071 In accordance with the present disclosure, one aspect of the present
disclosure is directed 1o a device for testing the cleanliness of a cannula of a medical
instrument can include a flaxible guiding member having a first end, a second end,
and an outer diameter, and 3 length extending from the first end 1o the second end,
wherein the first end can be rounded and the length of the guiding member ¢an be
free of any cleaning element. The device can further include a sponge element
containing a dried extractant configured to extract intraceliular ATF and having an
outer diameter larger than the outer diameter of the guiding member. The device
can also include a coupling member located between the second end of the guiding
member and the sponge element, wherein the coupling member can be heat bonded
to the sponge element and configured to facilitate detachment of the guiding member
from the sponge element.

G111 Anocther aspect is directed (o a method for a method of testing a
cleanliness of a cannula of a medical instrument using a testing device, wherein {he
testing device comprises a guiding member having a rounded first end and a secona
end releasably coupled to a sponge element containing a dried extractant. The
method steps can include wetling the sponge element in at least one o?"gteriie water
and ATP-free water to activate the dried extractant and inserting the first end of the
guiding member into a proximal end of the cannula. Then, the guiding member can
ne pushed into the cannuia to pass the first end of the guiding member through the
cannuia untll the first end of the guiding member exits a distal end of the cannuia.
The guiding member can be pulled out of the distal end of the cannula and an inner
surface of the cannula contacted with the activated extractant to lyse a cell located

on the inner surface of the cannula. The method cdan also include pulling the second
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end of the guiding member and the sponge element out of the distal end of the
cannuia,

10121 Ancther gspect of the present disclosure is directed 1o a ki for testing a
cleaniiness of a cannula of a medical instrument. The kit can include a festing
device having a flexible guiding member with a first end, a second end, ang an outer
diameter less than about 2 mm, wherein the first end c¢an be rounded and a region
extending from the first end to the second end can be free of any cleaning element.
The testing device can also include a sponge element containing a dried extracitant
and having an outer diameter of less than about 5 mm, wherein the sponge element
can be cylindrical. And the festing device can also include a releasabie coupling
member located between the gquiding member and the sponge element, wherein the
coupling member can be fixedly attached o the second end of {he guiding member
and the sponge element, and configured to releasably couple the guiding member
from the sponge element. The kit can also include a test swab tube configured to
receive an uncoupled sponge element.

1013] Additional objects and advantages of the present disclosure will be sel
forth in part in the description which follows, and in part will be obvious trom the
description, or may be learned by practice of the present disclosure. The objecis
and advantages of the present disclosure will be realized and attained by means of
the elements and combinations particularly pointed out in the appended claims.

1G14] 1t is to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are not
restrictive of the present disclosure, as claimed.

015] The accompanying drawings, which are mcorporated in and constitute
a part of this specification, ilustrate several embodiments of the present disciosure
and together with the description, serve 1o explain the principles of the present

gdisclosure.
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10161 FIG. 113 a schematic diagram of a device for cleaning a cannulated
medical instrument, according 1o an exemplary embodiment,
10171 FiG. 2 is an enlarged view of a portion of a device for cleaning a

cannuiated medical instrument, according o an exemplary embodiment.
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1018] FIG. 3A, 3B, 3C, and 3D are side views of different configurations ot &
foam element, according 1o various exemplary embodiments.

(0191 FIG. 4 is an enlarged view of a bristle slement, according {o an
exemplary embodiment.

10201 FIG. 5A is a schematic diagram of a device for cleaning a cannulated
medical instrument, according to an alternate exemplary embodiment.

10211 FIG. 5B is an enlarged view of a portion of a device for cleaning a
cannulated medical instrument, according {o an alternate exemplary embodiment.

1022] FIG. 5C is a schematic diagram of a device for cleaning a cannuiated
meadical instrument, according to an alternate exemplary embodiment.

10231 FlG. 6 is a flow diagram illustrating a method of using a device for
cleaning a cannula of a medical instrument, according to an exemplary embodiment.

1024] FIG. 7A is a schematic diagram of a testing device for tesling the
cleanliness of a caﬁnuiated medical instrument, according to an exemplary
ambodiment.

0251 FiIG. 7B is an enlarged view of a portion of a testing device for testing
the cleanliness of a cannulated medical instrument, according o an exempiary
embodiment.

(0261 FIG. 7C is a schematic diagram of g testing device for {esting the
cleanliness of a cannulated medical instrument, according {0 an axemplary
embodiment. "

10271 FIG. 8 is a flow diagram illustrating a method of using a testing device
for testing the cleanliness of a cannulated medical instrument, according o an
exemplary embodiment.

0281 FIG. 9 is a schematic diagram of a system for cleaning and testing the
cleanliness of a cannulated medical instrument, according 1o an exemplary
embodiment.

10291 FIG. 10 is a schematic diagram of a kit for testing the cleanliness of a
cannulated medical instrument, according to an exemplary embodiment.

(030} Reference will now be made in detail to the present embodiments of
the present disclosure, exampies of which are illustrated in the accompanying
drawings. Wherever possible, the same reference numbers will be used fnroughout

the drawings {o refer to the same or like parts.
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DETAILED DESCRIPTION

10311 The present disclosure is described herein with reference {o an
iHlustrative embodiment for a particular application, such as, for example, {esting the
cleaning of a medical instrument. It is understood that the embodiments described
harein are not limited thereto. Those having ordinary skill in the art and access {0
the teachings provided herein will recognize additional modifications, applications,
embodiments, and substitution of eguivalents that all fall with the scope of the
present disclosure. Accordingly, the present disclosure is not limited by the
foregoing or following descriplions.

GLEANING DEVICE

10321 FIG. 1 shows a schematic diagram of a device 100 Tor cleaning a
cannula of a medical instrument, according to an exemplary emboaiment. The
medical instrument can be a flexible or rigid scope, for example, an endoscope, a
flexible fiberoptic, a laparoscopic instrument, a tracheostomy tube, a proctoscope, 3
bronchoscope, orthopedic instruments, part of an instrument or any medical device
with a cannula or a lumen. The medical instrument can be articulated or non-
articulated. A cannula of a medical instrument can vary in length and shape. For
example, the length of a cannula can range from about 50 mm to about 500 mm.
While the cross-sectional geometry of a cannula can vary, they are generally
circular, oval, or have an arcuate shape.

0331 Device 100 can comprise an elongated flexible guiding member 110
having a first end 101 and a second end 102. Guiding member 110 can be flexible
along its longitudinal length and configured to foilow and flex based on the geometry
of a cannula of the medical instrument being cleaned. Guiding member 110 ¢an be
made of flexible polypropylene, polyoxmethylene, or ¢ther fiexible polymers or
piastics. The diameter of guiding member 110 can range between 0.5 mm 1c & mm.

1034] Device 100 can further comprise a plurality of cleaning elements 1195
attached to guiding member 110. For example, plurality of cleaning elements 119
can be located batween first end 101 and second end 102, In some embodiments,
plurality of cleaning elements 15 can comprise a foam eiement 120 and a bnstie
element 130, In other embodiments, plurality of cleaning elemenis 115 can be
located at one end of quiding member 110 or at some other locations aiong guiding

member 110.
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10351 As shown in FIG. 2, foam element 120 can comprise a foam structure
122. Foam structure 122 can comprise a hydrophobic medical grade polyurethane
foam that forms a backbone for an open cell foam. A coating of hvdrophilic medical
grade polyurethane can be formed on the hydrophobic backbone, Foam structure
122 can have a high porosity resulting in a plurality of pores 121, Plurality of pores
1271 can vary in size and shape.

1038] Foam structure 122 can be generally cylindrical or another suitable
shape. The cross-sectional diameter of foam element 120 can be approximately
aqual to or greater than the inner diameter of the cannuia being cleaned. A cross-
sectional diameter 123 of foam element 120 can be between about 1 mm to about
14 mm. Cross-sectional diameter 123 of foam element 120 can be selected based
on the dimension of the cannula being cleaned. For example, cross-sectional
diameter 123 can be greater than the cross-sectional diameter of the cannula being
cleanad, but not so much greater that foam element 120 is unable to compress and
fit within the cannula. A length 124 of foam element 120 can range belween about
0.25 o about 5 inches.

10371 In various other embodiments, the cross-sectional diameter of foam
slement 120 can vary along length 124 of foam element 120, For example, in FiG.
3A, a cross-sectional diameter 125 decreases moving away from second end 102.
i contrast, in FIG. 3B a cross-sectional diameter 126 remains substanbally constant
over a length 127 of foam slement 120. In FIG. 3C, a cross-sectional diameter 148
varies along a length 129 of foam element 120 creating a wave like element.
Additional embodiments of foam element 120 are contemplated. For example, FIG.
3D illustrates an additional embodiment of foam element 120 wherein foam element
120 includes multiple foam sections spaced apart creating a plurality of cavilies 180
between each section. Cavities 190 can act as collection chambers for bioburden,
reducing the amount of bioburden collected on the exterior surface of foam element
120. In other embodiments, i is contemplated that surface features {e.g., helical
slots, protrusions, dimples, ridges, etc.) can be used to enhance bicburden removal.

1038} Foam element 120 can be attached to guiding member 110 using an
adhesive material, for example, an epoxy or giue, as would be apparent to those of
ordinary skill in the art. In another embodiment, foam element 120 can be attached

to guiding member 110 using a heat bonding method that can eliminate the need for
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an adhesive material. The adhesive or heat bonding method used can be configured

to ensure that foam element 120 will not disconnect from guiding member 110 during

USE.

10381 FIG. 4 illustrates an enlargad view of bristle element 130, Bristie
element 130 can be located in the region of first end 101, Bristle element 130 can
be comprised of a plurality of bristles 131 secured between a plurality of twisted
metal wires 132 protruding from guiding member 110. Bristles 131 can be made of
nylon. It is contemplated that other methods apparent {o those of ordinary skill in the
art for securing bristles to a brush or a support member are contempiated.

10401 Bristles 131 can extend out laterally from twisted metal wires 132
forming a generally cylindrical shape. Bristles 131 in addition to extending out
laterally can be angled toward first end 101 or away from first end 101, The
diameter of the generally cylindrical shape bristle element 130 can be about T mm to
about 14 mm. The cross-sectional diameter of bristle element 130 can correspond
to the cross-sectional diameter of foam element 120 and can be selected based on
the dimension of the cannula being cleanad. i is contemplaled that the cross-
sectional diameter of bristle element 130 can be less than, equal to, or greater than
the diameter of the foam element 120. The length of bristle element 130 can range
betwaen about 0.25 to about 3 inches. In various embodiments, varying the length
of bristles 131 can create ridges or a helical pattern along the externor of bristle
element 130.

10417 Device 100 can further comprise a bulb 150 at first end 101 of device
100. Bulb 150 can include a rounded protrusion covering the end of metal wires
132. Buib 150 can be made of rubber, plastic or polymer, for exampie,
polypropylene. In operation, bulb 150 can be configured to slide freely over edges
and rough surfaces to allow for easy insertion and guiding through the cannula being
cleaned.

104271 In various other embodiments (not shown), device 100 can include
additional cleaning elements beyond just foam element 120 and bristle element 130
described above. For example, device 100 can comprise a plurality of bristie
elemenis 130 extending along guiding member 110 spaced at different intervals.
Alternatively, device 100 can comprise a piurality of foam elements 120 extending

along guiding member 110 spaced at different intervals. in vet another embodiment,
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device 100 can comprise a plurality of both foam elements 120 and bristie elements
130.

1043] In addition to varying the number of cleaning elements, the iocation of
the cleaning elements can aiso vary. For example, foam element 120 can be
located in the region of first end 101 and bristle element 130 can be located in the
region of second end 102. In yet another embodiment, both foam element 120 and
bristie element 130 can be located in the region of either first end 101 or second end
102. .

0441 Device 100 can aiso include one or more different types of cleaning
elements. For example, as shown in FIG. BA, device 100 can include a squeegee
element 160 in addition to foam element 120 and bristle element 130, As shown iIn
Fi(. 5B, sgueegee 160 can comprise at least one of a wiping member 180 attached
to guiding member 110 located between first end 101 and second ena 102, Two
adiacent wiping members 180 can be spaced apart while coupled by a separating
member 181.

10451 ltis also contemplated that device 100 could inciude only foam element
120 and squeegee element 160, and not bristle element 130. Other various
embodiments of device 100 could include various other numbers or combinations of
various types of cleaning elements.

048] The cross-sectional shape of wiping members 180 can be configured
o correspond to the shape of a cannula being cleaned. A cross-sectional diametler
182 of wiping members 180 can be equal to or less than the diameter of a cannula
being cleaned. In other embodiments, diameter 182 tor each wiping member can be
different, such that the diameter 182 decreases moving toward first end 101, Wiping
members 180 can be configured to contact the inner surface of the cannula being
cleanad and sweep matenal dislodged by bristle element 130, Squeesgee element
160 and wiping members 180 can be flexible or rigid and formed of polyurethane,
polypropylene, or other polymer or piastic,

1047] Device 100 as descnbed above with regard to the varnous
embodiments can be characterized as a mechanical cleaning device. However, in
order to enhance the cleaning effectiveness of device 100 the mechanical cleaning
can be combined with chemical cleaning. According to an exemplary embodiment,

one or more of cleaning elements 115 can be combined with a cleaning solution 170
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For example, cleaning solution 170 can be an enzymatic cleaner of the type
configured to degrade, disperse, or dissolve biclogical contaminant. These can
inciude ENDOZIME® AW Triple Plus® with A.P.A. or ENDOZIME® Bio-Clean (Ruhof
Corp., NY). Other enzymatic cleaners configured 1o disperse and dissolve biological
contaminant (e.q., bicburden) can be used. Cleaning solution 170 can take the form
of a liguid, gel, foam, solid, paste, or spray cleaner and may be appilied to foam
aiement 120.

{0481 According to various embodiments, as shown in FiG. 50, aevice 100
can comprise foam element 120 containing cleaning solution 170, in one
embodiment, foam element 120 can be immersed in cleaning solution 170 and used
immediately for cleaning a medical instrument. In an alternate embodiment, foam
aelement 120 can be immersed in cleaning solution 170 and then passed through a
dryer, of known construction, wherein excess water is removed without destruction of
the enzymes. For example, foam element 120 can be dipped in cleaning solution
170 for between about 1 second and 5 seconds and then removed {o dry. Following
drying, device 100 can be packaged or stored until shipment to the end user. Device
100 can be individually packaged in an ATP-free environment or sterile packaged.

Before use, device 100 can be removed from its package and foam element 120

immersed in steriie or ATP-free water {0 activate cleaning solution 170.
CLEANING METHO
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0491 Device 100 as described above can be utilized as an instrument for
cleaning a cannuia of a medical instrument, FIG. § shows a fiow chart 600
iHustrating the method of cleaning a cannula of a medical instrument using device
100.

10501 Device 100 can be provided in a package {&.¢., single use package)
that identifies the dimensions of foam element 120 and bristie element 130 in order
to aliow the end user 1o select the comrect device 100 size based on a cannula being
cleaned. In an allernate embodiment, insiead of the package dentitying the
dimensions of foam element 120 and bnistle element 130, the package can identify
the dimensions of the {arget cannuia.

1051] In vet another embodiment, guiding member 110 can be color coded
based on the dimension of cleaning elements 115, For example, yellow can indicale

foam element 120 has about a 2 mm cross-sectional diameter, red can indicate foam

10
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aslement 120 has about a 3 mm cross-sectional diameter, and purple can indicate
foal element 120 has about 2 4 mm cross-sectional diameter. it is contempiated that
additional colors and diameters can be used.

10521 After the user removes device 100 from the package, the user can
mmerse foam element 120, which can be combined with cleaning solution 170, in
clean waler to reactivate cleaning solution 170, In an alternate embodiment, as
described above, foam element 120 can be immersed in cleaning solution 170
immediately prior to use.

(0531 Next, the user can insert first end 101 into the proximal end of 3
cannula of a medical instrument. The user can then feed guiding member 110
through the cannula. if there is some resistance from bicburden lodged in the
cannula, the user can move device 100 back and forth until the path is clear. The
user can then continue feeding device 100 through the cannuis.

10541 The user can continue to feed guiding member 110 until bulb 150 exits
from the distal end of the cannula. Once bulb 150 exits from the distal end, the user
can reorient the medical instrument being cleaned and begin pulling on device 100,
drawing device 100 through the cannula from the distal end insiead of pushing i
through from the proximal end.

(0551 Bristle element 130 moving through the cannula first can dislodge and
break up large pieces of biochurden and carry out many of the pieces. Subsequently,
foam element 120 can carry out the remainder of the pieces using the flat face of
foam element 120 as a plowing surface. In addition, foam element 120 can also
contact the interior surface of the cannula and mechanically and chemically cleaning
the surface. The user can continue to pull device 100 until foam element 120 exits
the distal end of the cannula. 1t can be advantageous o not pull device 100 back
through the proximal end because bichurden may be redeposited within the cannula.
in addition, the user can rotate guiding member 110 while pushing and pulling in
arder to cause rotation within the cannula to enhance cleaning.

10561 Once device 100 is completely removed from the cannula, device 100
can be thoroughly rinsed o remove all signs of bichurden. Particularly, foam

element 120 and bristle element 130 can be thoroughly rinsed.
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0571 The user can then repeat the above process one or more times unti
there is substantially no visible debrnis left on foam element 120 foiiowir*sg'removai
from the cannula.

058] Device 100 can be configured for single use. Once a cannula is
cleaned, device 100 can be disposed of according 1o proper procedure. in alternate
embodiments, device 100 can be cleaned, sanitized and stored for later reuse.
1ESITING DEVICE

10581 Following a pre-cleaning, partial cleaning, or allegedly compiete
cleaning of the medical instrument or a portion of the medical nstrument, a test can
ve performed to determine the cleanliness of one or more cannulas or lumens within
the medical instrument. Accordingly, FIG. 7A shows a schemalic diagram of &
testing device 200 configured for testing the cleankliness of a cannula or iumen of 3
medical instrument as described above. Testing device 200 can include one or more
features of device 100 previously described. For exampie, testing device 200 couid
include one or more of foam element 120, bristle element 130, squeegee element
160, or other type of cleaning element.

10601 Testing device 200 can comprise an elongated flexible guiding member
210 having a first end 201 and a second end 202. Guiding member 210 can be
flexible along its longitudinal length and configured to follow and flex based on the
geometry of a cannula of the medical instrument being tested. Guiding member 210
can be made of flexible polypropylene, polyoxmethylene, or other flexible polymers
or plastics. The diameter of guiding member 110 can range between 0.5 mmic &
mm.

0617 Testing device 200 can further comprise a sponge element 220
attached to coupling member 250. Sponge element 220 can be attached using an
adhesive material, for example, an epoxy or glue, as would be apparent 1o those of
ordinary skill in the art. In another embodiment, sponge element 220 can be
attached using a heat bonding method to sliminate the need for an adhesive
material. The adhesive or heat bonding method used can be configured to ensure
that sponge element 220 will not disconnect from coupling member 250 durnng use,
avoiding dislodgment within the cannula during testing. Sponge element 220 can

include one or more features of foam element 120 described above,
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10621 As shown in FIG. 7B, sponge element 220 can comprise a foam
structure 222. Foam structure 222 can comprise a hydrophobic medical grade
nolyurethane foam that forms a backbone for an open cell foam. A coating of
hydrophilic medical grade polyurethane can be formed on the hydrophobic
backbone. Hydrophilic polyurethanes are water-loving and absorb Hguids 10 3
greater degree than hydrophobic polyurethane. However, the physical strength ano
tensile strength of hydrophilic materials is less than that of hydrophobic maternials.
Therefore, the composite material used as the foam structure 222 provides benefils
of both materials. Foam structure 222 can have a high porosity resulting in a
plurality of pores 221. Plurality of pores 221 can vary in size and shape.

10631 Foam structure 222 can be generally cylindrical or another suitable
shape. A cross-sectional diameter 223 of sponge element 220 can be between
about 1 mm to about 14 mm. Cross-sectional diameter 223 of sponge element 240
can be approximately equal to or greater than the inner dimension of the cannuia
being cleaned. Cross-sectional diameter 223 of sponge element 220 can be
selected based on the dimension of the cannula being tested. For example, cross-
sectional diameter 223 can be greater than the cross-sectional diameter of the
cannula being cleanad, but not so much greater that sponge element 220 is unable
to compress and fit within the cannula. A length 224 of sponge element 220 can
range between about 0.25 inches o about 2 inches. As described above for foam
element 120, sponge element 220 can be provided in various configurations.

[064] As shown in FIG. 7B, sponge element 220 can be impregnated with an
extractant 230. Sponge element 220 can either be immersed in extractant 230
immediately prior {o use or extractant 230 can be dried onto sponge element 220
and activated immediately prior to use. In some embodiments, sponge element 220
can be configured to absorb and retain water to activate extractant 230 in less than
ahout 5 min. In some embodiments, sterile water or ATP-free water can be used {0
activale exiractant 230.

1065 Extractant 230 can comprise a detergent-based preservative and
extractant configured to open biological cells and release ATP. For example,
intracellular ATP can be released to enhance detection of biological cells contained
within a biofilm. For example, exiractant 230 can comprise Triton X-100, &

quaternary-based detergent, tricholoacetic acid, and protocatechuic acid. In
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addition, extractant 230 can further comprise a buffering solution. The immersion of
sponge element 220 in extractant 230 can alse act as a pretreatment of sponge
element 220, removing iatent ATH.

0661 Traditionaily, swabbing a cannula collects mostly extraceliular AT
because intraceliular ATP remaining within celis in a biofilm may not be detected. By
not lvsing biclogical cells within the biofilm, prior devices for testing cleaniiness using
ATP analysis may have provided inaccurate results. Collecting and testing for only
the extracellular ATP is not always accurate because these protocols fail 1o detect
biclogical cells present in the biofilm. To mitigate these problems with prior art
devices and meathods, the present disclosure provides extractant 230 1o lyse the
biofilm's celis. Releasing intraceliular ATP allows for its collection and subsequent
analysis using the devices and methods described herein.

(0671 In an alternate embodiment, as described above for foam element 120,
testing device 200 can comprise a plurality of sponge elements 220 or other cleaning
aslements. A sponge element located nearest first end 201 can contain exiractant
230, while other sponge elements may not contain extractant. Such a conhiguration
of sponge elements can provide more tims for extractant 230 {o react with any
hichurden present in the cannula before the other sponge elements pass over the
nicburden and collect it. Various other configurations of elements associated with
testing device 200 are also contemplated, where some may inciude extiractant 230
and some may not,

1068} Coupling member 250 can be contigurad {0 uncoupie sponge element
220 from guiding member 210 following the swabbing of a cannula. Coupling
member 250 can include a reduced cross-sectional area configured to preferentially
detach. Coupling member 250 could also include a region configured for
detachment using another device. For example, coupling member 250 could be
configured to be cut, snapped, or severed using scissors, blade, forceps, or other
similar device.

10691 To facilitate uncouphing, coupling member 250 can further comprise a
crease 240. Crease 240 can be located be located less than about 2.5 inches from
sponge element 220. Crease 240 can be configured to snap with repeated bending.
Alternatively, crease 240 can also be configurad to indicate the localion where

coupling member 250 should be cul {0 provide a suitable size for supseguent
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analysis. In other embodiments, crease 240 can take the form of an indicia,
perforated edge, indentation, reduced cross-sectional area, protrusion, or similar
structure. Coupling member 250 could be color coded o distinguish guiding
member 210.

10701 As shown in FIG. 7C, coupling member 250 can include a release

mechanism 255. Release mechanism 255 can include a latch, clip, hook, loop, or

other type of detachment mechanism. In some embodiments, coupling meamber 250
or element 255 can be flexible 1o pass through a cannula. As such, release
mechanism can have an culer dimension of less than about 2 mm.

071] Sponge element 220 can be analyzed using various devices of
systemns. Uncoupling sponge element 220 from guiding member 210 can facililate
analysis of sponge element 220. For example, sponge element 220 can be
analyzed for ATP using the ATP Complete® hand held device test kit (Ruhof Corp.,
NY). According to an exemplary embodiment, FIG. 10, shows parts of a device test
kit 1000, Device test kit 1000 can comprise a test swab tube 1010, a test swab
1020, and a testing device 1030, Testing device 1030 can be hand-held.

10721 Test swab tube 1010 can be a generally cylindrical container sealed at
the bottom with an opening at the top. Test swab tube 1010 can be configured to
receive sponge slement 220,

10731 Test swab 1020 can be a cap container configured {0 be releasably
coupled 1o test swab tube 1010, Test swab 1020 can include a reagent 1021 within
an upper portion 1023 of test swab 1020. Reagent 1021 can include a solution
containing liquid-stable luciferasefluciferin., Other types of solid, hquid, or gaseous
forms of reagent 1021 could be used 1o detect ATP or another type of bioburden
indicator.

3741 Test swab 1021 can be configured {o be snapped when coupied {o test
swab fube 1010 causing reagent 1021 to release into test swab tube 1010, Test
swab 1020 can further comprise a swabbing member 1022 configured 1o swab a
surface or provide force to maintain an itern (such as an uncoupled sponge element}
within fest swab fube 1010.

375] Device 1030 can include a cover 1031 configured to open and expose
an aperture configured to receive test swab tube 1010, Device 1030 can be

configured o analyze the amount of contamination with the test swab tube 1010
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For example, device 1030 can detect the amount of ATP collected by sponge
element 220 and output a numerical value. A higher numerical value can indicate a
nigher level of contamination.

(0761 In other embodiments, it is contemplated that sponge element 220 may
be used in conjunction with other measurement devices. For example, sponge

element 220 can be used with a protein or a ninydrin measurement device,

JTESTING METHOD

0771 Testing device 200 as described above can be ulilized as an
instrument for testing the cleanliness of a cannula of a medical instrument. FIG. 8
shows a flow chart 800 illustrating the method of testing the cleanliness of the
cannula of a medical instrument using testing device 200, according to an exemplary
embodiment. Similar to device 100, testing device 200 can be provided In a package
(e.g., single use package) that identifies the dimensions of sponge element 220 or
cannula in order {o allow the user {o select the correct size of testing device 200,
based on the size of the cannula {0 be cleaned.

10781 After the user removes testing device 200 from the package, the user
can immerse sponge element 220 (containing exiractant 230) in steriie or ATP-free
water to activate extractant 230. in an alternate embodiment, as described above,
sponge element 220 can be immersed in extractant 230 immediately prior {o use.

(0701 Next the user can insert first end 201 of guiding member 210 into the
oroximal end of the cannula of the medical instrument being tested. The user can
then push guiding member 210 through the cannula until first end 201 exils the distal
end of the cannula. The medical instrument can be repositioned and guiding
member 210 pulled through the cannula. Pulling can continue until sponge element
220 approaches the proximal end of the cannula. Once sponge element 220
approaches the proximal end, the user can carefully pull on guiding member 210 to
ensure sponge element 220 is properly inserted into the cannula.

(080} Once sponge element 220 is in the cannula, the user can continue to
pull on guiding member 210, As a resutt, Spange eiemeant 220 can be pulied through
the cannula causing foam structure 222 immersed in extractant 230 {o contact an

inner surface of the cannula. Extractant 230 can cause living biclogical cells in the
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cannula to open and release intraceliular ATP. Sponge element 220 can function to
collect at least intraceliular ATP, along with any additional bioburden present.
Testing device 200 and sponge element 220 can also collect protein and ninhydrin
for analysis.

10811 The user can pull on guiding member 210 at a steady speed. Pulling
on guiding member too rapidly can reduce the time extractant 230 has 1o react with
the biclogical cells. As a result, the amount of intracelivlar ATP collected may be
reduced. Therefore, the user can pull at a speed of between about 1 and about 5
inches/second,

10821 The user can continue to pull guiding member 210 until sponge
element 220 exits the distal end of the cannula. Once testing device 200 is
completely removed from the cannula, sponge element 220 can be uncoupied from
guiding member 210. Sponge element 220 can be uncoupled from guiding member
210 using coupling member 250. For example, coupling member 250 can be cut or
crease 240 bent back and forth untii it snaps.

'083] Uncoupled sponge element 220 can be placed in test swab tube 1010,
as shown in FIG. 10. The user can then place test swab 1020 on top of test swab
tube 1010 and couple the two together. Nexi, the user can snap {est swab 1020
causing reagent 1021 to flow down into test swab tube 1010, Squeezing upper
portion 1023 can expedite the release of reagent 1021, The user can then gently
shake test swab 1020 and test swab tube 1010 for about 1 to about b seconds.

10841 Care should be taken o avoid contacting sponge element 220 with any
surface that may contain ATP. For exampile, sponge element 220 may be placed
within test swab tube 1010 and then uncoupled from guide member 210,
Alternatively, sponge element 220 can be detached from guide member 210 ang
then placed within test swab tube 1010 if sufficient care is {aken {0 ensure the
uncoupled sponge element is not exposed to an additional source ot AP

0851 Following shaking, the user can open cover 1031 and insert test swab
1020 and test swab tube 1010 into the opening in device 1030, After insertion, the
user can close the cover and initiale the measurement reading.

086] Device 1030 can be configured to analyze test swab tube 1010 {o
oroduce a signal associated with a level of cleaniiness of the cannula. For example,

device 1030 can oulput a numerical value representative of the amount of ATP. The
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amount of ATP can include extracellular ATP, intracellular ATP, combinations of both
tvpas of ATP, or other sources of ATP contained within a biofilm.

0871 A numerical value associated with a representation of the signal can be
orovided in relative light units (RLU). Depending on numernical vaiue, additionat
cleaning can be recommended. For example, a RLU reading of 0 {o aboul 45 can
indicate low contamination level and therefore additional cleaning may not be
recommended. in contrast, a RLU reading of about 46 or higher can indicale a high
contamination level and therefore additional cleaning may be recommended.

10881 In various embodiments, detection devices can be utilized that delect
the amount of protein, ninhydrin, intracelluiar ATP, combinations of these or cther
indicators of bichurden.

1089] As shown in FiG. 8, device 100 and testing device 200 can be
combined fo form a kit 300 for cleaning and testing the cleanliness of the cannula of
a medical instrument. Kit 300 can comprise atl least one device 100 having 3
cleaning element 115 containing a cleaning solution 170 and at ieast one testing
device 200 having a sponge element 220 containing an extractant 230. The size of
both devices can correspond to the same size cannula. In addition, kit 300 can
comprise additional aliquots of cleaning solution 170 and extractant 230. in ofher
embodiments, cleaning solution 170 and extractant 230 can be provided in separate
containers as a kit that can be configured to be used with a variety of cleaning and
testing devices for cannulated medical instruments.

0801 In other embodiments, one or more different types of kits 300 can be
provided. For example, kit 300 could include tesling device 200 and fest swab tube
1010. In other embodiments, kit 300 could include test swab 1020, reagent 1021,
testing device 1030, or other various combinations of the componenis described
above,

10911 Cther embodiments of the present disclosure will be apparent to those
skilled in the art from consideration of the specitication and practice of the present
disclosure disclosed herein. it is intended that the specification and examples pe
considered as exemplary only, with a true scope and spirit of the present disciosure

being indicated by the following claims.
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WHAT IS CLAIMED IS:

1. A method of testing a cleanliness of a cannula of a medical instrument
using a testing device, wherein the testing device comprises a guiding member having a
rounded first end and a second end releasably coupled to a sponge element containing
a dried extractant, the steps comprising:

wetting the sponge element in at least one of sterile water and ATP-free water 1o
activate the dried extractant;

inserting the first end of the guiding member into a proximal end of the cannula;

pushing the guiding member into the cannula to pass the first end of the guiding
member through the cannula until the first end of the guiding member exits a distal end
ot the cannula;

pulling at least part of the guiding member out of the distal end of the cannula;

contacting an inner surface of the cannula with the activated extractant to lyse a
cell located on the inner surface of the cannuia;

pulling the second end of the guiding member and the sponge element out of the
distal end of the cannula;

detaching the sponge element from the guiding member;

introducing the sponge element into a test swab tube; and

exposing the sponge element to a reagent in the test swab tube.

2. The method of claim 1, wherein the reagent is a liquid-stable

luciterase/iuciferin.

3. The method of claim 1 or claim 2, wherein the sponge element is
detached from the guiding member following introduction of the sponge element into the

test swab tube.

4, The method of any one of claims 1 to 3, further comprising:

inserting the test swab tube into an analysis device;
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analyzing at least part of the contents of the test swab tube using the analysis
device to produce a signal associated with a level of cleanliness of the cannula; and

outputting a representation of the signal.

5. The method of claim 4, wherein analyzing includes determining a

concentration of at least one of adenosine triphosphate, protein, and ninhydrin.

6. The method of claim 4 or claim 5, further comprising determining whether

a subsequent cleaning of the cannula is required based on the representation of the

signal.

7. The method of any of claims 1 to 6, wherein the extractant comprises at
least one of Triton X-100, a quaternary-based detergent, tricholoaceitc acid, and

protocatechuic acid.

8. The method of any one of claims 1 to 7, further comprising collecting

Intracellular ATP on the sponge element.
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