DEVI CE FOR USE | N CLEANI NG ENDOSCOPES. FI ELD OF THE | NVENTI ON Thi s

I nvention relates to apparatus for use in cleaning endoscopes, and to a
met hod f owous@/mbosbhe apparatus. The apparatus and net hedTaRo@anodigul arly
useful for cleaning flexible endoscopes having a plurality of |unmens of
differing dianeters, but are not limted to such use. BACKGROUND OF THE

| NVENTION I n recent tines the variety of diagnostic exam nations being
effected by flexible endoscopes has increased and new specialized

endoscopes are b@EWCEFOROUSE INDCLEANING ENDQSCOPESand i nterventi onal
procedures. There is an increasing appreciation of the large infection
control problem presented by these nedical devices. In fact, flexible
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whi ch contliavheteeg diut aee oot lroiéd tosugh assure therein. It is inpossible to
reproduci bly disinfect or sterilise such devices wi thout first having

t horoughly cl eaned them Wil st exacting new international regulatory
st andgg ds BRYRGROUNDOFOFHEINVENTION € the efficacy of the disinfecting

processes used on these conplex devices, no regulatory attention, to date,
has been intecanttimas thayadetyuef diggsesjssexamibatienp beipngdeffadted byo t he

s

col onoscopefg\iéwioped for various diagnostic and interventional procedures.

15  There is an increasing appreciation of the large infection control problem
presented by these medical devices. In fact, flexible endoscopes represent
the most extreme case of difficulty in “reprocessing” (i.e. cleaning and
disinfecting) medical instruments. Not only are these instruments very large —
potentially over 4 metres long — but they are also extremely complex. They

20 are usually totally opaque and fragile; they may contain fibre optics, lenses,
miniature video cameras and the like; and typically have a variety of long
hollow lumens with diameters between 1mm and 5mm attached to metal
spigots leading to complex air and water valves which control negative or
positive pressure therein.

25
It is impossible to reproducibly disinfect or sterilise such devices without first
having thoroughly cleaned them. Whilst exacting new international regulatory
standards have been introduced to ensure the efficacy of the disinfecting
processes used on these complex devices, no regulatory attention, to date,

30 has been focussed on the cleaning steps to be employed prior to the

disinfection step.



are one of the nost common of the flexible endoscopes, have a biopsy
channel over 2 netres long. In one exanple, the biopsy channel is a

f I exi bl e,wpl2aetdogospube of 2. 8mm i nternal dianmeter. Thi sPchainels/tosiased to
gui de any one of a number of nedical devices to a chosen nucosal site. For
exanpl e bi opsy forceps are pushed down the full length of the channel to
the site of the nmucosa fromwhich the gastroenterol ogi st decides that a
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there is no reason why a larger variation coul t be encountered. Failure
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and food particulates, blood, gut mucous, faeces, etc. The suction channel on

15  the other hand has an internal diameter of up to about 4 mm and while the
cleaning and cross-infection infection challenges relating to the suction
channel are significantly less than for the biopsy channel they are still very
significant because gastrointestinal tract contents can be sucked through this
lumen. In one example the suction channel is 42% greater in diameter than

20  the biopsy channel, but in other manufacturers endoscopes, the lumens vary
in diameter such that the larger may be from 30 % to 50% greater in diameter
than the smaller diameter and there is no reason why a larger variation could

not be encountered.

25  Failure to adequately clean an endoscope could result in cross infection from

one patient to others when the instrument is used subsequently.

Flexible endoscope cleaning guidelines instruct that there are two major
process steps are required:- firstly, the biopsy and suction channels must be

30 cleaned with a biopsy lumen brush; and secondly the endoscope must be
soaked in a cleaning solution prior to being rinsed with water, dried and
disinfected.



di si nfected. The second step utilizes known cl eaning conpositions conprising
hi ghly active, nulti-enzyne detergent cleaners which very quickly and
ef fi ci entwg 2do7gm@se90human |iquid secretions. However, usecCofaAtzheaooabeani ng
sol uti ons does not obviate the need togrenove particulates fromthe | unens.
That is nost comonly acconplished by nmeans of a |unmen brush. Lunen brushes
have changed little since the advent of the first flexible endoscopes
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15
Health care workers involved in the cleaning of endoscopes often complain
about the time required to manually brush the lumens, requiring at least 3
cycles of brushing up and down the length of each of the biopsy and suction
channels. A total distance of 36 metres of brushing is not atypical. Often,

20 when instruments are required urgently for the next examination there is
pressure to curtail this step of the cleaning process, resulting in obvious cross-
infection associated risks. Additionally, in the course of each brushing cycle,
as the brush tip emerges from the distal end of the endoscope visible
contamination is expected to be removed manually by the staff member. If

25  this distal end is not submerged during this process then the bristles flick
biological refuse in all directions as they emerge from the lumen leading to

other potential cross-infection and Occupational Health and Safety hazards.

Other disadvantages of the currently used brushes include a tendency for the

30  steel brush to abrade parts of the endoscope. Bristles sometimes break off in
the lumen which if not noticed may cause injury to a patient. In addition the
present inventors have found that since the contamination inside these long
lumens is, in the main, liquid or fine particulates the thin flexible bristles simply
pass through the liquid contaminant without substantially removing it.



the lunmen which if not noticed may cause injury to a patient. In addition
the present inventors have found that since the contam nation inside these
| ong | unewe 206&7/0029%0t he main, liquid or fine particul at epcrhanvdsiooodibexi bl e
bristles sinply pass through the liquig contam nant w thout substantially
renoving it.Consequently the efficacy of brushing has been overestimated up
to the present. A variety of devices have been proposed to replace brushes

for cl eaniGonsgiquenty thdeffieacy ot briahiny Ba®bebroieldstintiatedapaofthaes, to oil
l'ine pipes and so on. However, to date these devices have generally been
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15  previous devices other than brushes have been adapted for cleaning a bore of
specific diameter whereas in an endoscope the bores to be cleaned differ
significantly in diameter one from another, i.e. endoscopes often have a

plurality of multidimensional bores.

20  The present inventors described a pull through apparatus adapted specifically
for cleaning an endoscope in PCT/AU/99/00669 (Kritzler). That apparatus
comprises a fully circumferential trailing member of smaller diameter than an
endoscope bore, which functioned to distribute contaminants uniformly on the
bore wall to facilitate enzymatic digestion. A different device is required for

25  each different bore diameter. US 6,889,402 (Galantai), the contents of which
are included herein by reference, describes a method of manufacture of a pull

though such as described in Kritzler.

Up to the present time, disposable brushes have remained the preferred

30 method for cleaning endoscope lumens. Brushes have been the only single
apparatus capable of cleaning multiple lumen bores of substantially differing
diameter, for example the suction channel bore, and the biopsy channel bore.
Having the capability to clean two bores of an endoscope with a single

apparatus halves the cost of disposal compared to use of two devices which



t hough such as described in Kritzler. Up to the present tinme, disposable
brushes have renmained the preferred nmethod for cleaning endoscope | unens.
Br ushes hwoeolawmobhe only singl e apparatus capabl e of eceaizog/oondibi pl e
| umen bores of substantially differinggdianmeter, for exanple the suction
channel bore, and the biopsy channel bore. Having the capability to cl ean
two bores of an endoscope with a single apparatus hal ves the cost of

di sposal caRRABOAIP beSRedior #RirRY spasifishbeRs amntaeh PrlevBe used on a
singl e specified bore dianeter. wever di sposabl e brushes still suffer
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of questi onabl e_efficac%/., Any di scussion of the prior art throughout the
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prior art . ' f : m general know edge in the
field. OBEE@?W@&?%N%”WE@EW@%?%a lo yt he present invention to
provi de i nproved apparatus for use in cleaning an endoscope, and nore

parti cul ar| | sposabl g appar at suitable for cleani doscope | unens of
G 1 1 er | ng ATVAHSE BRI R B Atk TesuatittGe 2becPisstanata i GRaS et ne above
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enbodi nents of the invention to provide inproved neans useful for cleaning
bot h 16e pachofmonamaniganeralieovdedpea inetheifigidy channel |umen of a single

endoscope (cleaning multiple bores of a single endoscope herein being
considered a "single use"). It is a further object of preferred enbodi nents

of the i nvVOBJEGT OF PHEMNVENTIONher cleaning efficacy in a flexible
endoscope in one pass than brushes achieve in nmultiple passes, and to

provi de ehdsssophice! efdhe piesand irvamiioaroarevigh dapevedsapraratus for use
in cleaning an endoscope, and more particularly disposable apparatus

15  suitable for cleaning endoscope lumens of differing diameter, which avoids or
ameliorates at least some of the above discussed disadvantages of the prior
art. It is an object of preferred embodiments of the invention to provide
improved means useful for cleaning both the suction channel lumen and the
biopsy channel lumen of a single endoscope (cleaning multiple bores of a

20  single endoscope herein being considered a “single use”). It is a further
object of preferred embodiments of the invention to provide a higher cleaning
efficacy in a flexible endoscope in one pass than brushes achieve in multiple
passes, and to provide endoscope cleaning means which are cheaper, safer
and more effective to use than brushes. It is a further object of the invention

25 to provide an improved method for cleaning an endoscope lumen by use of
the apparatus of the invention.

Unless the context clearly requires otherwise, throughout the description and
the claims, the words ‘comprise’, ‘comprising’, and the like are to be construed
30 in an inclusive sense as opposed to an exclusive or exhaustive sense; that is

to say, in the sense of “including, but not limited to”.



and nore effective to use than brushes. It is a further object of the

I nvention to provide an inproved nethod for cleaning an endoscope | unen by
use of t hwoappanadsas of the invention. Unl ess the contercTaRardopogiequi res
ot herwi se, throughout the description &nd the clains, the words 'conprise',
"conprising', and the like are to be construed in an inclusive sense as
opposed to an exclusive or exhaustive sense; that is to say, in the sense

of "incl uUBRIEF SYATEMENTOF §NVENTION EF STATEMENT OF | NVENTI ON Accor di ng
to a first aspect the invention provides apparatus suitable for cleaning a
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oriented generally in a lunmen radial plane is neant
15  For preference the elongate member is a monofilament, capable of being
inserted into and threaded through a lumen of an endoscope to function as a
pull through and to pull (or push) the wiper in the axial direction of that lumen.
For preference also there is a plurality of wipers, spaced apart from each
other in the axial direction. The wiper, or wipers, are desirably of a generally
20  disk like shape and are moulded integrally with the monofilament at or near
one end and having the monofilament passing through the disk centres. By
saying the wiper remains oriented generally in a lumen radial plane is meant
that the wiper extends approximately in that plane and is in a general sense
close to a plane perpendicular to the axial direction. No geometric precision is
25 intended, and the wiper faces are not planar in the preferred embodiments.
For an endoscope having a maximum channel ID, for example, of 4.0 mm the

wipers have a diameter of greater than 4.0 mm, for example, 5.2 mm.

In a preferred embodiment of the invention, in the apparatus according to the
30 first aspect the wiper is stiffer at a radially inner portion adjacent the lumen

axis than at a radially outer portion adjacent the lumen wall.

In this particular preferred embodiment, the wiper (or wipers if there are a
plurality thereof) are not of uniform stiffness in the radial direction. That is



that the w per extends approximately in that plane and is in a general

sense close to a plane perpendicular to the axial direction. No geonetric
preci si oowoo0emiesyded, and the w per faces are not. pl anacTiav2ndseoprief err ed
embodi ments. For an endoscope having a nmaxi mum channel 1D, for exanple, of
4.0 mmthe w pers have a dianeter of greater than 4.0 nm for exanple, 5.2
mm In a preferred enbodi nent of the invention, in the apparatus according
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aspect can also be used to clean a single bore, for exanple of an endoscope

havi ng onfilamsd ansk2 wiger margnmd@f@mssfaleﬂmﬁrmertgalhm direefimnd aspect the
i nvention provides apparatus suitable for cleaning both a first lumen of an
endoscope having a first internal dianeter,

15 It will be understood that a device according to the first aspect can also be

used to clean a single bore, for example of an endoscope having only one

bore, prior to disposal.

According to a second aspect the invention provides-apparatus suitable for

20 cleaning both a first lumen of an endoscope having a first internal diameter,
and a second lumen of an endoscope having a second internal diameter
wherein the first internal diameter is unequal to the second internal diameter,
said apparatus comprising an elongate member, a wiper formed from a
resiliently deformable elastomeric material integrally moulded with the

25 member, the elongate member being adapted in use for driving the wiper in a
lumen axial direction of the first lumen while the wiper remains oriented
generally in a first lumen radial plane from adjacent the axial direction to
adjacent the lumen wall, the wiper prior to deformation in the lumen having a
diametric dimension greater than said first internal diameter, whereby the

30 wiper in use in the lumen is resiliently deformable to bend in the trailing
direction at or near the first lumen wall so that a peripheral margin of the wiper
contacts a band of the first lumen wall through 360 degrees of arc;
and wherein the elongate member is further adapted for use in driving the
wiper in a lumen axial direction of the second lumen while the wiper remains



and a second |lunmen of an endoscope having a second internal dianeter
wherein the first internal diameter is unequal to the second internal

di amet er ,weana/mppar at us conpri sing an el ongate nenber, paTiyers/arped from
aresiliently deformable el astonmeric ngterial integrally noulded with the
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cl eani ng flexible e scope Vi ng.a onlune aneter 2.4 mm and
also to cﬂ%@ﬁntq@'%F6%§% ‘gﬂﬁﬂ Sré‘hc nt g @R&YS{]T%@ ﬂ MeryOohthgi anet er
4.00mm I@ﬁd&béoﬁéﬁaﬁhgé@mé{@?n 0@ ﬁh‘ié’@)’?‘éfn RARBSUmEh dtiRa gr eater in
di aneter than the suction channel dianeter. pers of enbodi nent for
cl eani ng diesychanmebisctife dreateran dlamd.eethan‘tl“@ uationahdnaekdiamsddn. e of
resilient eefv(\)nrpré?st of thb dlmgnet f%r c ea%Pn%nsnuecthar? enaoscope have a diameter

15  of 5.2 mm and are capable of resilient deformation to wipe both channels prior

to disposal.

Desirably the wiper is stiffer in a radially inner portion adjacent the first lumen
axis than at a radially outer portion adjacent the first lumen wall. In this case
20  the change in stiffness of the wiper in the radial dimension is chosen in
combination with the diameter of the wipers and the flexibility of the wiper
material, so that a range of lumen bores can be cleaned such that the largest
is up to 50 % greater than the smallest. In a preferred embodiment the wiper
is made from a thermoplastic elastomer, has a thickness adjacent the filament
25 of about 0.55 mm and is tapered to a thickness of about 0.35 mm at its
periphery. This taper results in the stiffness of the wiper decreasing as the

radial distance increases from the axis at its centre towards the wiper

periphery.

30  According to a third aspect the invention provides single use apparatus for
cleaning a lumen of an endoscope, said apparatus comprising a unitary
moulding including an elongate member, a plurality of wipers integral with the
member, the elongate member being adapted for driving the wiper in a lumen
axial direction while the wipers remains oriented with a leading face extending



to disposal. Desirably the wiper is stiffer in aradially inner portion

adj acent the first lunmen axis than at a radially outer portion adjacent the
first | umeo 2eeddo299bn this case the change in stiffness eCTiARomwoer1oi n t he
radi al dinension is chosen in conbinatgon with the dianmeter of the w pers
and the flexibility of the wiper material, so that a range of |unmen bores
can be cl eaned such that the largest is up to 50 %greater than the

smal | est. donepalyrinftre eter rdidi diesdtionhtharvipRits beintsifadedodpait infgenop! astic
el astonmer, has a thickness adjacent the filament of about 0.55 mmand is

t aper ed t @xipldieetiere 85d beinghmadedras anesiiently defumabie elastomedct aper
lts i | f.f 1 | | i al di st
| hor eases T8af ROBEIG ety drBihatiE o BRI 1R irhlfio difcfipa A B 2"C

Accor di ng riear ¢hé himeh aafleotthahe pieﬂphertgl avarginosfi tleseading vdpsiseoritgper at us for
cl eani ng | umen of an, endoscope, said apparatus conprising a unitary

moul di Ag ithe W@IiIRg %ﬁﬂde%ﬁaalﬁs th@%:?G%dﬁgﬁﬁeﬁlQfWC,gEe\)W'BéFSsbﬁilﬁgegraI Wit h
t he menberg; PIOR ﬁgﬁdg%r [ : FLMAR fper in a

| umen axi grlﬁ%f‘ggg%l on &%I e tﬁem%}\nﬁgggg%?‘gﬁ {iﬁesﬁtgble;ﬁ#béh V%'t%%a%gadi ng face
ext endi nggdasionierip matetinkebéingeufiicietitlyl flekible @djanent thelumgerenalltieaing spaced
apart in the axial  directioon and being.mude froma.resiljently deformable
el ast oner iVQ"%? QF?%?q,errﬁ'Hﬁdt?éiaﬁ‘Bgyr%fgp?ﬁ@%ﬁl"ﬁdﬂﬁf’&gﬁﬁlﬁ? & l?%'@?ﬁje‘ijglet he
trailing ¢fHReivipdt, fHat 8Hg8RForhitesitIBRRALYRS Al i rgin of
the leading w peﬁré}cont ac?s t he WaISlIJ iln ay\@%nd&g%gﬁgitﬁgetgﬁP%ﬂg%élﬁgg@degrees
of ard0 tnalhaskihe Padedo beiswept byl adewnstoearmavipeongat e menber t han

adj acent the lumen wall and the elastoneric material being sufficiently

fl exi bl e adjacent the lunmen wall that when a predeterm ned quantity of

debris buiHoipreferag thete hRebérdng aﬁﬂ%iﬂfulérhﬁaéfésf’,?ﬁoré prfier@pge def orns

sufficiently to allow debris to pass between the wa and the bl'ade to be

swept by & Brangh8 Wiasies, aod theser aiesitiatehat er aear o epdof theand 9
circul ar Blafles shdfP R 1Y bEIPS! ke device to facilitate gripping, and of smaller

15 radial diameter than the narrowest lumen, is desirably provided at or near the
end of the shaft remote from the circular blades.

According to a fourth aspect the invention provides a method of cleaning an
endoscope comprising the steps of: (1) threading the flexible shaft of

20  apparatus according to the first or second aspect into the suction port of an
endoscope; (2) gripping the distal end of the flexible shaft and pulling it until
the proximal end emerges from the suction valve; (3) threading said shaft into
the biopsy channel of said‘endoscope; and (4) gripping the distal end of the
flexible shaft and pulling it until the proximal end emerges from the other end

25  of the biopsy channel.

According to a fifth aspect the invention provides apparatus suitable for
cleaning both the biopsy channel lumen and the suction channel lumen of a
flexible endoscope, and for disposal after use, said apparatus comprising at
30 least one wiper, a monofilament adapted to pull or push the wiper in a filament
axial direction which in use corresponds with a lumen axial direction, the wiper
being integrally moulded with the member and made from a resiliently
deformable thermoplastic elastomer, the wiper prior to use being a disk like

form centred on the monofilament, and having a diametric dimension greater



between 6 and 8 bl ades, and these are situated at or near one end of the
flexible shaft. A loop, bulb or like device to facilitate gripping, and of
smal | er rwdizaé7/de@net er than the narrowest |unen, is degcratai2gospmoaidded at
or near the end of the shaft renote frgmthe circular blades. According to
a fourth aspect the invention provides a nethod of cleaning an endoscope
conprising the steps of: (1) threading the flexible shaft of apparatus

accor di ng thé?n tH?e,elrﬁén*n%ﬂ dfé"m@céﬁ@ﬂéﬁttﬂe?rﬂﬁ%fald hhﬁbﬁéﬂﬁ]éuﬁﬁér%utq)tmc@r i’
endoscope aig ppi ng e distal end of the flexible sh and pulling it
éXI jre

until thet etmn eherr@félglly mmpndlcuuadjaowt\xhemnqmament thadiatg sai d

shaft int d endosc nd i.n the

Gret e ond BAIRAREYoSHR Eadnt St YRR ERR. WNeb ! b s
ener ges f et phella ines adiheniresilientny Q@ﬁ))’m%h@'b'éﬁti in Mﬁémhgwnﬁe@nan fBfth
aspect the invention provides apparatus suitabl e for cleaning both the

bi opsy> ch&hmear [ tﬁwhtm%twatlr?@dsmta@ﬁ tap uradn a kanshexgending thraughe3@hdoscope,

and for digy ppé% er use, said apparatus conprising at |east one w per, a
nonof i | amen apted'to pull or push the wiper in a filament axial
direction which in use corresponds with a lunmen axial direction, the w per

bei i nt | 1. | d ith t ) de f | tly
ot o mbi eXeRmitia TP 4xh asnett aﬁétn”v%?»%émaréwér%a?m@tn%ﬁ“ Fleinagns 1 sk
li ke for mep@REESSe Rﬁnéﬁﬁw g@a tnéra&e elt@ﬁg? Oy.hg nfErﬁ&?%Hét& ghgrensi on

greaterthan the internal met er o mens e W per being
thi cké® i methedadinaprising e step ofpassingdhedugh saidnlumpmatnl appadfuscent the

nonofi | ament t han at r rtion adjacent the er peri phery,
wher eby t f@MA"HE R eu@lg%héh ﬁtﬂnﬁe% '?%qc?“& tﬁ!?t%)ﬁr§eea'isplr@%'t1y $ deforns to
bend in tk@athad o @Qlddeheﬁ‘ﬂthé’ﬂaﬁ%vét%eﬁﬁéthbbhﬁathQ%“tréWéder@é‘ﬁqé?ﬁ@éraCt5 the
wall in a band extending through 360 degrees of arc. According to a sixth

aspect, t liametasareater fhavihedsmengiamsdensaid d;aomgmlaer keidgsesifentyurren in
need ther gplee f i t:b'ﬁ‘%@tuq&\é'é&) grcl SHRE Itﬂhghr,eér% whereln passing the

15 apparatus through the lumen substantially removes contaminants where

present from the lumen wall.

Preferably the lumen is circular in cross section, and the transverse member
will also be circular in the corresponding cross section. However, it will be

20  appreciated by those in the art that the lumen and transverse member can be
any keyed configuration.

The invention will now be more particularly described, by way of example
only, with reference to some specific embodiments.
25
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic diagram of an endoscope
Figure 2 is a schematic diagram useful for explaining terminology
Figure 3 shows a scrap portion of a first embodiment of the invention
30  schematically in an isometric view,
Figure 4 shows an end elevation of the embodiment of fig 3.
Fig 5 shows a side elevation of the embodiment of fig 3



met hod conprising the step of passing through said | unen an apparat us
conprising an elongate shaft and at |east one transverse di sc nenber
attached wo s@/2®haft, the transverse nenber having a tcamdezersgeodrenber
diameter greater than the lunen diameyer, said disc nenber being
resiliently biased and contacting a 360 arc of the |unen, and wherein
passi ng the apparatus through the |unmen substantially renoves contam nants

where presgg sﬁé@@”‘sbhérﬂa%ﬁlw mbhqbo%‘.%ﬁf épép(péraﬁjsl mmdlha t5 heul ar in
Cross section, and he transverse nenber w | also be circular in the

corres pontﬂlNﬁgtl@m 6@@ dside e endpesepe lumenwﬁ(bl) ingide gdueensefdarggy t hose in

cont | gur ot EOT O R OB Wi P 3l C8ah B andfef6 6] Gescr i bea, by

way of exmignt & @phvtogrbph shewirige@le énﬁgl&qmé tsna@hl {b)a 28had e, BRI EF
DESCRI PTI ON OF THE W NGS Fi gur e IS mat 1 ¢ di agram of an endoscope

Fi gured 2 pgoratoﬁ%mfagwtmlihédwaﬁh@& () th@ﬂuréﬁmoém sipseakanti® ogy Figure 3

shows a sgé? |.@ortlon of a first enbodi ment of the invention schematically

in an isone view, Figure 4 shows an end el evation of the enbodi nent of

fig 3. Fi ElgSB ﬁmnpismtogsiapll&sbbwaj(a)ra PENTIHeX Iammbruehl(b()faZ‘Bgnﬁ’Fi g 6 shows

schemati c an enb di ment tus the inventjon 6(a)

out si de aﬁnﬁmeg%@ SR, Wil B s R (5 dE BN RS uRsBAEeEH® 6 o)

i nside a gof smal l er dianmeter than that of 6(b). Fig 7 is a photograph
(a a

show ng ngl e use brush, (b) a 2.8 mmlunmen prior to cleaning with
t he bt(ms hFigehis 4 @hotdmaplm BBQWOTQ (@D e dishesahie imen tadldmvingblBdgs ®ok s a

D o el oy B NG [ o A B o b i B o

brush, and (c) the lumen of (b) subsequent to cleaning with the tool of (a).
Fig 10 is a photograph showing (a) a single use brush, (b) a 2.8 mm lumen
prior to cleaning with the brush, and (c) the lumen of (b) subsequent to

15 cleaning with the brush of (a)
Fig 11 is a photograph showing (a) a 2.8 mm lumen prior to cleaning and (b)
the lumen of (a) subsequent to cleaning with an embodiment of the invention
as described with reference to figs 1-5.
Fig 12 shows a 4mm lumen after cleaning with a reusable lumen brush.

20  Fig 13 shows a 4mm lumen after cleaning with a single use lumen brush.
Fig 14 shows a 4mm lumen after cleaning with an embodiment of the
invention.
(The device of fig 9 was designed for a 2.8 mm lumen and was not capable of
cleaning a 4mm lumen) '

25
With reference to figure 1 there is shown schematically in cross section a
flexible endoscope 1. Endoscope 1 has a length of about 2 meters and
includes a biopsy lumen 2 which extends from the distal end 3 to a biopsy port
4. A suction lumen 5 communicates from suction port 6 via a suction valve 7

30 in control head 8 with distal end 3 extending parallel to the biopsy channel
within the outer covering 9 in the region between biopsy port 4 and distal end
3. In the described example the biopsy channel has a diameter of 2.8mm and

the suction channel 4.0mm.



cleaning Fig 9 is a photograph showing (a) a disposable | unen tool having
bl ades not extending through 360 degrees, (b) a 2.8 nm|lunen prior to

cl eani ng wotznotdoesobr ush, and (c) the [unen of (b) subsegquemu2b@/0dEani ng
with the tool of (a). Fig 10 is a phog®mgraph showing (a) a single use
brush, (b) a 2.8 mmlunen prior to cleaning with the brush, and (c) the

| umen of (b) subsequent to cleaning with the brush of (a) Fig 11 is a

phot ogr appyigiverératicé 2 figu Bierelis RowRrd &flintifical gationof andmeh) the | unmen
of (a) subsequent to cl eanhqg_wlth an enbodi nent of the invention as
b

descri bedcomnprisingfalugirrewa gefining a lpmemaxighdigstianstinwhighen after

cl oani ng SipdridRiBRAe Sy e, i SR G eA e Ren ort or
cl eani ng défitesAlonssroedidkivectibng bech as datwitioh afd persendiagdacto dtigl 9 was

designed for a 2.8 mmlunen and was not capabl e of cleaning a 4mm | unen)
Wth ref ediggtion bl.r Aguitwo radinbdigestionsi@xipnding &iost aeinton iecdss section a
flexible 1. 1k : d

e udes DUIRAARnG: o BRI 1F 360 deBfES B e woirk ATARIBIRL.
port 4. Arliidhicosedttineaxis arehimwhichtradii froomthatpoind fie pbiné plana whighsuct i on

valve 7 in contro|l head 8 w.th di.stal end 3 extending parallel to the

bi opsy ch@ﬁﬁf@?cﬁtl"ﬁiaﬁflaﬂ que\é\{ﬁ%?%iﬂ%@teﬁﬂ ° g;?’filqe{rh@%ré apé& WEBRNbi opsy

port 4 anghgFisheend 3. In the described exanple the biopsy channel has a

di ameter of 2.8mm and the suction channel 4.0m Wth reference to figure 2

therells shown a cylindrical portion of a lumen conprising a lumen wall 10,
o.the .cylinder axis

AT 1L, Bk Rl pRCH ¢ ot breePeBPE SRR e RS e 2
such as ligowrighi@lep e oanskishantotaPludértland is not to scale. The device

is a pull through for cleaning both the biopsy channel and the suction channel
of a flexible endoscope such as described with reference to fig 1. The term

15 pull through” as herein used also includes (where the circumstances allow) a
“push through” device. In figure 3 there is a monofilament 15 having a
plurality of generally disc shaped wipers 16 moulded thereto, the wipers being
spaced apart in the filament axial direction, and each wiper 16 disc being
centred on the monofilament and extending in a radial direction from the axis

20  of the monofilament, that is to say the wipers extend substantially at right
angles to the filament axis. In the embodiment of fig 3 there are six wipers 16
Wipers 16 are injection moulded and anchored to the filament by a cylindrical
hub 17 which forms part of the moulded mass and is thermoplastically
integrated with the filament during moulding. This arrangement is shown in

25 end elevation in fig 4. Monofilament 15 in this example has a diameter of
1mm, hub 17 has a diameter of about 1.4 mm and wipers 16 have a maximum
diameter of 5.2 mm in this embodiment. Figure 5 shows the portion of fig 1 in
side elevation. The monofilament in this instance defines a pull through axial
direction 18. As shown in figure 5, there are six wipers 16. The wipers, while

30 generally disc shaped are however not cylindrical or annuiar but are narrower
in the axial direction at the disc periphery 19 than adjacent hub 17. As shown
more clearly in the enlarged inset of fig 5, in the present embodiment the

wipers taper smoothly from a thickness “W1” adjacent the hub to a thickness



direction 11. Any two radial directions extending froma point on the axis
toget her define a plane extending in 360 degrees about the point at which
t he radi iwonbevmemd the axis and in which radii from thatTpaiznie/dooms The
pl ane which intersects the axial direggion at right angles is herein
referred to as a "lunen radial plane". Figure 3 shows a portion of a first
enbodi nent according to the invention in isoneric view, prior to insertion

into a | unp, athe ragiallploutsmssvBpe iy eW R douR 038 rk i giegh for
cl eaning both the bi opgy channel l?;mrd&?%e suction channel ho}? a flexible

endoscope PEfENt gxaanis whilsawiiis A-3%emen.ence to fig 1. The termpul | through"
as herein used also includes (where the circunstances allow) a "push
t hrough"” device. In figure 3 there is a nonofilanment 15 having a plurality

of gener alih $hedembodinegetdilwtieees tHS dizes i dphbed apart dtlkenied i thedgkiap spaced
apart in the filanment axial direction, and each w per 16 disc being centred
on t hed nofABertiahaheutzha ey aRalt. Rjitihave & saimawhat lesger shadinoheeenaxi s of

t he nonof ltﬂ[eﬂfegapﬁgaﬂr?g% aha_tﬁgt%ﬂmlghgpeeé%@ﬁrg 18Xt end substantially at right

angles to axis. ment of fig 3 there are six
W pers 16 Wpers 16 are injection noul ded and anchored to the filanent by a

i ndri hub 17 which for. . of the_noul ded nass and is
Cher mopl aqhedaPRTIaRest RAeRraat, RUisEntl Clftdnenate hip hednaagd Thi s
arrangene L§h ShosMyd | i ' | 0. this
exarrplge hgﬁsrogégli anmet grsaggg%n@ﬁbﬁ%%d %gﬁlﬁggﬁlg%ﬂ%@%g Jg*‘r a@omel%réléhmn and

wi ‘per §0 16 ahde be grippediath the ameergingoénds. Srippingnat thesreetying evdis Fi gure 5
shows the portion.of fig 1.i.n side elevation. The,nonofilanent.in this

i nst ance 8@?'@%&( aéé)ngley ﬂi%’%‘ﬂgﬁ g%“gla 95'9’&&0&0"15!6 _ HERENGh figure 5,
there arersmstaMrony the Mipers 6 WPpSefablyitid MaBRARIGEANs & Sy SlophPRAeale
however not cylindrical or annular but are narrower in the axial direction

at the di sebgfantipiestyaight anhireadifanymreviabs spooler eribmemasyeand isaofiy in the
enl arged | fi6h, %Trcal.bpc%ssis%ckigﬁ. Prie %néno?im?'ﬁgﬁt%%t ﬁé\?e a sufficiently
15  high tensile strength for the application and a suitable melting point for
bonding with the moulded wipers. ‘

Wipers 16 are made from a resilient deformable material which in the present
embodiment is a SANTOPRENE™ elastomer. The elastomer is sufficiently

20  stiff so that when the device is not inserted into a lumen the wipers extend
perpendicularly to the axis of the monofilament. However the thermoplastic is
deformable so that when the monofilament is threaded into a lumen of large
diameter as shown schematically in figure 6 the wipers bend in a trailing
direction at or near the lumen wall, in preference to near the monofilament

25 axis. The polymer selected must have a suitable melting point to bond with
the monofilament or other elongate member during moulding, must have
sufficient strength not to break or tear in use, must have sufficient flexibility or
deformability to be able to bend into the trailing direction shape required, while
having sufficient resilience to extend radially when not confined in a lumen

30  and to engage the wall of the lumen except when pressure on the leading
edge exceeds a threshold, but should not be so flexible that it cannot maintain

a radially directed leading face for most of the lumen radius.



W pers taper snmoothly froma thickness "WL" adjacent the hub to a

t hi ckness"w2" at the radially outernost w per edge. W is about 0.55 mmin
t he presewmD 2e0czoopdoe, while w2 is 0.35 nmm In the enbodi memtAt2bdeimogiat ed t he
di scs are spaced apart at centres in tfhe axial direction about 2.8 nm
apart, but have a somewhat | arger spacing between the | eading three and the
trailing three wipers 16. The nonofilanent is desirably sufficiently stiff

to enabl eSIahtdp?ehé dsaaeﬁwptdyeﬁugkamplmemgnt ohemicahethbiilty floed ent |y
| ong to pass through the |unmen and to be gripped at the emerging end.
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nmonof i | anen ypr op y ene nt|a1ly straight and free of any
previ ous spool or coil nmenory, and is of un| formcircular cross section.
The nonof i | arrent nmust have suffici entl h Ile strength for the

t
appl i cat i dienRal RUEAneish HardRessS: ng poi n 5\6952‘;}3 wi th the noul ded

W pers. de froma resili ent def ormabl e material which in
t he prese /Q‘Src%{)elg) ﬁ%ﬁt‘ S a SANTOPRENE(tm) el astoner. The el astomer is
suf fi ci enNoynisal Dénsity:t hat when t he devilc®7 sp gn@3/2EAIFTMIDIER)a | umen t he

W pers extend. oendi cularly to the axi nofi | arrent However the
t her mopl a ?Pﬁ'ﬁ? ﬁeformabl e so that V\heﬂ%t/)ép‘%ﬂﬁUSmQ is threaded into
a | umen Ofreh§i'le9§tréé@@1@§%as shown schengibsibw: 3306é|9%‘AST@| bhgoyi pers

bend in a trailing ditection at or near the lumen wall, in preference to
near the rensile BmBr@aN Elastré@@ o) ymer Assdsscliew 1|@|J§tpsﬂné/\§t§T Bdilghbl e

melting peint to b e nonofil anent o g er during
Toul di g, BNaARn S Bk Ebhy Corengt nAvoess BofrASRo WREIM RS Mot
have suff igangressioprddli(V3 ey, 188 Kef: or mabigsot YASTVPE386) € t o bend |nto t he
trailing direction shape require whi |l e having sufficient resilience to

extend ra@oapresaioarsai¢212FniGedr Jin a 132%n and to engage the wall of the
| umen except when pressure on the |eading

15  Although this was used for the embodiment herein described other elastomers

meeting the discussed requirements could be used.

With reference to fig 6 the embodiment of fig 3 is shown in axial cross section
prior to insertion in the lumen at 6(a). As can be seen the wipers have a

20  greater diameter than the lumen internal diameter, and the leading face
extends in a generally radial direction although because of its taper it will
slope slightly in the trailing direction towards the peripheral edge. Likewise the
trailing face tapers in the leading direction towards the peripheral edge in this
example. The apparatus is also shown after insertion into a lumen and after

25 monofilament 15 has been threaded through the lumen and the wipers have
been drawn into the lumen bore, see fig 6(b). Monofilament 15 is an elongate
member which is adapted in use to drive wiper 16 in the lumen axial direction
either by pulling it or pushing it. Wiper 16 is a wiper integrally moulded with
the elongate member that is to say in this example with the monofilament via

30  moulded hub 17. Wiper 16 remains oriented with its leading face 20
extending in a generally radial direction. That is to say the portion of the
upstream face which is radially innermost and close to the lumen axis extends
in a generally radial plane. Wiper 16 is made from a resiliently deformable

elastomeric material and as shown in 6(a) has a dimension greater than the



edge exceeds a threshold, but should not be so flexible that it cannot
maintain a radially directed | eading face for nost of the |unen

radi us. Samoeperaneosased i n the present exanpl e has excel lpemAwzb@mocab
stability, |ow conpression set, good c{gep resistance, good di nensional
stability, and is a recyclable material. It has the follow ng properties:
Nom nal Duroneter Hardness: 64 (ASTMD224); (A Scale, 0.120 in ) Nom nal
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f ace 1 apeiibagep e (TRIR) of emeh Qusharac FESHEMSABHAR S3EE | n t hi <
exanpl e. ' atbt ' [ ' i nd after
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i nt egr al | thaeebfisdormbdrtl Hdtenrlsaneajreanpeifige dftheiwipbPresdientlyp t hi s exanpl e
with the nonofil anent via

deforms, allowing the excess to pass between the leading wiper edge and the

lumen wall into the cavity between that wiper and the next downstream. The

15 edge then resiliently re-engages the lumen wall over a band of width “W” ( fig
6b) , or “w” fig 6¢c, in each case the band extending circumferentially through

360 degrees of arc.

As shown in 6(c), if the device is pulled through a lumen of smaller diameter,
20  the wiper bends in a trailing direction at a location close to the lumen wall, that
is to say at closer to the hub than in the case shown in fig 6(b). However the
wiper remains oriented substantially at right angles to the monofilament axis
that is with a leading face extending generally in a lumen radial plane, and at
the radially inner portion has a leading face extending generally in a lumen

25 radial direction.

Laboratory tests were conducted using transparent 2.8 mm endoscope
lumens which were filled with blood, allowed to drain and then cleaned by
means of (1) a reusable lumen brush; (2) a PENTAX brand brush (3) a”

30 disposable lumen tool purchased in the UK and having blades projecting
outwardly from a pull through cord, each blade having an arcuate edge, the
blades being spaced apart, no blade extending 360 degrees, but the blades
overlapping so that cleaning occurs around 360 degrees (4) a single use
brush and (5) apparatus according to the embodiment of the invention



moul ded hub 17. Wper 16 renmains oriented with its | eading face 20
extending in a generally radial direction. That is to say the portion of
t he upst rewarmé7zoessahi ch is radially innernpbst and cl osePrCwAtheocloooEn axi s
extends in a generally radial plane. Wsper 16 is nade froma resiliently
deformabl e el astoneric material and as shown in 6(a) has a dinension
greater than thelunen internal dianeter. By virtue that the wper 16 is

t hi cker i dekbdbeinith réferendd figd 15, natieal dppdratuer1 paiwdsonsed bata i s to say
nearer hub, 17 than at a radially outer portion, it is stiffer at the

radi al |y SHe® Ppss.itheiube eraaiaed vitiblysantaginaded. (feadigs 81%1Q4Mk-re 1ine as

th i i I | d di al |
out war ds, MorgBREE e HIEHBLER (EBrhRE ol fo REAIEMAR, (ol HBIcbeLr (e
hub, it béds substantatlhwithoai telowatidyrig @nddhabalsbloecuirpdibut $o driésssr i nto t he

| umen. _The peripheral portion of blade 16 resiliently engages the_ inner
val | of tH@grwﬂﬁ@\P@@P%uséﬁh lether@rR @ épsarﬁi%a@e@rydér&ﬁé@ememon he tube

wal | and i ke I MIN io"‘rléoﬁ i eciv PRIl riven
t hr ough tEe J‘?réérh Li gﬁ%ﬁéﬁéﬁg%ﬂe&h?&ri S | nélététi@rﬁloﬁérrgs%jﬂ'I igwgt%?ﬁg%apgr war d
by the | eadiragbidaiped usingnd Aemsm lumenhiesdenfige 18€ldp)i Mde wipepbahdt he debri s

f db t t th .of th i ilientl def ,
L] i g EROEE oSl 08 SEin b e BIEENA MO oYRP RsohfibRs SERR AW ETE | uen
wal | intopihg Wd&YreGeétWﬁ@Ibé@?g? W&%d%%{)@rtahﬁrg@?ﬂeé@mﬁr%ﬁhs The edge

then resilient re-engages t umen wal I over a band of width "W ( fig
6b) , 1or 'epcounigred the wipertoulddefarmeatihsdedge iorallovwgths bwldheoent i al |y

th h 3 f o AS i,n_ 6 Lf . the devi ' 1 ed
thr ough adeaHere BASs Rarfish wSBeE Ao e Hehas ot s AT el g ©
di recti on effectivdlppabsedtcihesspdce BdwebHNRE i and R néx& tiaMirgawipRlr. cl oser
to the hub than 1n the case shown in fig 6(b). However the wi per renains

ori ented JiisMaRiawas henmeyrd byl HexbWipRY. monof i | ament axis that is
with a | eading face extending generally in a lunen radial plane, and at the
radially inner portion has a | eading face extending generally in a | unen

15  Quantitative tests were conducted as follows:

The test for each of the various cleaning devices was conducted on a 2.8 mm
Teflon flexible endoscope lumen and also on a 4.0 mm Teflon flexible
endoscope lumen.

20
In each case a clean dry lumen was weighed and a small quantity of blood
added by syringe.

After the addition of the blood the lumen was immediately re-weighed and the
25  weight of blood added recorded.

The weight of blood left in the lumen after cleaning was divided by the total
amount introduced into the lumen to ascertain the percentage removed. This
figure was recorded.



radi al

(3) a disposable

direction.
endoscope | unens which were filled with bl ood,
cl eaned byormemm2oh (1) a reusable |unmen brush;

Laboratory tests were conducted using transparent 2.8 mm

| unen t ool

pur chased 470 the UK and havi ng bl ades

allowed.to drain and then
(2) a PENTAX2bo6znoabibr ush

projecting outwardly froma pull through cord, each bl ade having an arcuate
edge, the bl ades bei ng spaced apart, no bl ade extendi ng 360 degrees, but

t he bl ades overl appi ng so that cleaning occurs around 360 degrees (4) a
singl e use brush and éS) apparatus according to the enbodi ment of the

i nvent i ondédld fed Wi-8 AMPAEI@EBNCe to figs 1-5. Wen apparatus 1 - 4 was
used on a single pass, the tube renained visibly contam nated (see Figs
8,9,10,1 1). Mreover the bristles of the brushes could be seen to nove

t hrough { icdedmingDdviveer SUbS\l\@ightaibethth%lgjfﬁ'&@iﬁl'lﬁg It9 and thal also

occurred|{but to a | esser dggree w th apparjatus ( In the|case of
P et
n | unen
( see fi¢ ont act & be seen to
Brustoul d be seen t t he | eadi
i uld
3.B4 dui | d up ar2.8di%is to pass
Wi per an W{—o—r
W per and erial was then
Gh@gleﬂ.@eths}her L@ Bb6id ative tes
test for ces was_canducte
Ekillﬁrrgoé%@écope I n160.89i bl e
se a clean dry || umen was wei ghe
quantity

cl ean

T

al |

apparatus according to the aniPsa Ctlﬁ%nl usEmen §leams Bﬁmcmady
after ong r 2)- resutts e—obtatrned—u a4
gs 1§'§T§§“—({J‘Fﬁ%ﬁw perbé'ggr%’g C (?Q%IB Bg%g’ffect ve.
Mor eover hat when a buil|d up occurred at ng
Wi per edg}H.r_a_l_a_r_ggr_pLg_g_e of debris was encountered,_ the w per c
def or m at pﬁﬁ‘@’é@bl@ht o all ow pe2deen the
HE: at ateriat wwemww—p he
space bef VLV}EKleﬁlf SEBRITSS b%)ﬁg gi1ext trailli 8 per. This
noved by q t@68g € conduct efl7agofolTows: The
each of the various cleaning devi d on a 2 8 nmm
Teflon fl W#8f dand al so gr0-804 0 mm Tefl o
endoscope¢ él%%?rﬂ ch c9g d and a sn
olﬂ{ oo'& ac} ed by |syringe.

TABLE 2 4.0 mm lumen.

Cleaning Device Weight of Soil in
Lumen Pre Clean

263g

Weight of Soil in
Lumen Post Clean
215¢

%
Removed
18.25

Re-Usable Lumen
Brush

Pentax Brush

UK Disposable Tool
Single Use Brush
Pull Through of
Present Invention

2.62 g
259 g
2.52 g
2.88 ¢

2.22¢g
205¢
2119
0.00g

15.28
20.85
16.27
100.00

Those skilled in the art could manufacture apparatus according to the
10 invention based on the teaching hereof, and using known injection moulding

technology.

It will be understood that the diameter and shape of the elongate member can
be varied, as can be the shape of the wipers. Wipers need not be disc

15  shaped and some could for example be annular wipers attached to the hub by



After the addition of the blood the |unen was i medi ately re-wei ghed and
the wei ght of bl ood added recorded. The weight of blood left in the | unen
after cl exoizngg/one®odi vi ded by the total anount introducedTiatzeostdoadbunen to
ascertain the percentage renoved. Thi ggfigure was recorded. TABLE 1 2.8 nm

| umen TABLE 2 4.0 mm |l unmen. Those skilled in the art could manufacture
apparatus according to the invention based on the teaching hereof, and

usi ng knoree mr ésur radisiawngi Mthd Wiperotedd-bd tifdrdd Rfaserians @y hat the
di anet er and shape of the el ongate_ nenber can be varied, as can be the
shape of Pﬂ@f\m forgxmpleebrorsiig pemeuifiedshitieasemar Byteingoul d f or

exanple b g ceelM\ ; : : r of four, radial arns.
The wi perEqag%{ﬁ{gggfefét'?l%?%'eeﬁgeg?égﬁg@]gﬂ{ﬁﬁm%&ébaSﬁ(ﬁrgr({%%@?lef or exanpl e
rei nf or ci npptenalsmebdtite petipherys Fheonurhpetisi wiperabad itadis Iothtibh eanmit eri al s

at a radiall iﬂ{t}%{e{mrtiqn nd nore defornmable materials near the

peri pher y.VaFf%% olynelie stastoness caPe Usseder tie pwrrldes wipersin - ot her

pol yneric ST Tih PRI S fhtution for
SAW@RENE?%%@@@;&%am%%@EX%ﬁ?&gﬁ%Mm ’.&T%@Glﬂrf\gl)%nt'i on may be
enbodi ed iThedentiohonay berembedirg inoter fomeandiusing dthernadegalst i ng from

t he conceWg her ei n..di ?C| osed. THE ﬁl NS THE | NVENTI ON ARE AS FOLLOWS: -
1. Appar att5o¥JeRATHRTTON I coReerts herein AifsIséde and i nt ended for di sposal
after use, the lunmen having a first internal dianeter, said apparatus
conprising an elongate nenber, a wper formed froma resiliently deformable
el astoneric material integrally noulded with the nenber, the el ongate
menber being adapted in use for driving the wiper in a | unen axi al
direction while the wi per remains oriented generally in a |unmen radial

pl ane from adj acent the axial direction to adjacent the lunen wall, the

W per prior to deformation in the lunmen having a dianetric di nmension
greater than said



| umen internal dianmeter the wiper in use in the lunmen being resiliently
deformable to bend in the trailing direction at or near the lunen wall so
that a pewophevmbsomar gi n of the wiper contacts the wal |l pcwaa2bemdowxt endi ng
t hrough 360 degrees of arc. 2. Apparatqs according to claim 1l wherein the
el ongate nmenber is a nonofilament, capable of being inserted into and

t hreaded through a Iumen of an endoscope to function as a pull through and

to pull amHRICUMKMS OFETMERRVENTIONARE AS FOLEOVWSN of that |unen. 3.
Apparatus according to claim1l or 2 wherein there is a plurality of w pers,

spaced apart fromeach other in the axial direction. 4 . Apparatus

are ol o dener A fof PRRREBEEHInch,BL fh SHolRa® Fnl detRSer n the
nmonof i | ameligpaatal afteness, the turaed havigh@flisttntehrl drmeéter asmaappaffiigy t hrough

the disk centres. 5. Apparatus according to any one of the preceding clains
wher ei n t IFOMRTRENY A elangate megnber, aaMipsl faymeashisemorasilisntiygefersmablehe | unen

axi s than [ . ' | 6. Apparat us
accordi ng e?éoSth;eﬁgnr@é ﬂg%ﬁaf ﬁgﬁ?@ggﬁ%%ﬂlﬁ?@@mﬁ%ﬂh“ﬁgloﬁ?ég or W pers
are not ofmembepbeingtadajibed i use forelrivady) ke wipeett a tumeén affpairattion accor di ng
to claim6 wherein the wiper or wpers are not of uniformstiffness in the
radi al di W\gﬁ@ithﬁ vaher @ﬁﬁ%‘ﬁﬁé’”@ﬁ&e\g &?Wﬁ 'L ?ﬁ"mﬁ% radipbPlage e on as a
taper fro | Beqitd t Qg%{ r ' [ . Appar at us
accr:)ordi ng@tdgéacl afﬂjqrrl%t %kl\%ﬁglséé%t%ﬁﬁﬁea(ﬁ ea ﬁge Mﬁ%ﬁo ﬁt ﬂ%e\’}’m'p%g?”éF |tcgr to

def or mat i sleformatidnindhe lumer hpaving aytidnyetdodirnansion greater therosaidal . 9.

. di laim7 | ai m.8 .wh i n the tapered duction in
P ekness TR Ml chafiefine witergh Hsri th UebbelGHERNEN At ot he

trailing diefeeiddle tabeRd irﬁﬂ‘iea@@inlgg irBctiéd bt &f néd1ehbWiRBnWANsS fifatfd | ament
is pulled through that lumen, and facilitates use of the apparatus in
| unens of peripheral margin of the wiper contacts the wall in a band extending through

360 degrees of arc.

2. Apparatus according to claim 1 wherein the elongate member is a
monofilament, capable of being inserted into and threaded through a lumen of
an endoscope to function as a pull through and to pull and/or push the wiper

in the axial direction of that lumen.

3. Apparatus according to claim 1 or 2 wherein there is a plurality of
wipers, spaced apart from each other in the axial direction.

4. Apparatus according to any one of the preceding claims wherein the
wiper, or wipers, are of a generally disk like shape and are moulded integrally
with the monofilament at or near one end and having the monofilament
passing through the disk centres.

5. Apparatus according to any one of the preceding claims wherein the
wiper is stiffer at a radially inner portion adjacent the lumen axis than at a
radially outer portion adjacent the lumen wall.

6. Apparatus according to any one of the preceding claims wherein the

wiper or wipers are not of uniform stiffness in the radial direction.



differing dianmeter. 10. Apparatus according to claim9 wherein the tapered
reduction in thickness maintains a |l eading face of the wi per which is
subst ant inabI2gopeeendi cul ar to the direction of travel ®cEmauro®iooef19t he

i nternal dianeter of the lunmen. 11. Agmaratus for cleaning both a first

| umen of an endoscope having a first internal dianeter, and a second | unen
of an endoscope having a second internal dianeter wherein the first

i nternal dianmeter is unequal to the second internal dianeter, said
apparatus _conprising an elongate menber, a wi per formed froma resiliently
def or mabl - el aARRASAIUS aRo0EdINg o Claivd WheleiRde WiREraTMDErfaleen®iaf, t he

| : . At e e Al
i recti on Toopinstinegs ff A e Sfon By rddacth@thg HicketSio e Bulrar 37
a first | directiondisal tapeafiont adjgicedf thedilimehetowdrds thl batdripesiphenadj acent

the lunen wall, the wiper prior to deformation in the lunmen having a
dianetric dinension greater than said first internal dianeter, whereby the

W per in e i I i %ﬁa@ LR trailing
directi onlez'lt 0?\5 ea?{#%bpir(?g??(?g%ﬁnfmg#pﬁé% at ﬁ”%%ﬁggﬁg?%p‘"ﬁ%fgi n of
t he wi per priont@adeformatiandn af lumen i§ivesy slightiyrconddd] or frustrgboidi6al. degr ees of
arc; and wherein the elongate nenber is further adapted for use in driving

the wiper in a lunen axial direction of the second |unmen while the w per

remai nsor igent ehGaiiehial ddkdrdin é@lﬁmﬂdr bPBi?ﬁnWhéﬂeiMf?é‘&pE?éH“ adj acent the

axial direction to adjacent t umen wall', the wiper prior to deformation
i n the | ureduceiion inghickdeasrfaailitatediarepsteomaygimanfdhewiper banding étoribe i nt er nal

di aneter, ,where t.he wi per.in e in.t |l unen i s resiliently deformable
to bend | TAHe PegteR A i%déi%%nﬁﬂih%waﬂeo?ﬁa%i‘um%@@e@ﬁa N4MEN Sal | so t hat
a peri phepallegafi@ughahat ek, BAH fE6ITHASS 6s@ obtHidapharkilts RaGRRAsIgimen wal |

t hrough 360 degrees of arc. 12. Appar atus according to claim 11l wherein the

wiper is dliffgring digmeteradi al |y

10.  Apparatus according to claim 9 wherein the tapered reduction in
thickness maintains a leading face of the wiper which is substantially
perpendicular to the direction of travel over most of the internal diameter of

the lumen.

11.  Apparatus for cleaning both a first lumen of an endoscope having a first
internal diameter, and a second lumen of an endoscope having a second
internal diameter wherein the first internal diameter is unequal to the second
internal diameter, said apparatus comprising an elongate member, a wiper
formed from a resiliently deformable elastomeric material integrally moulded
with the member, the elongate member being adapted in use for driving the
wiper in a lumen axial direction of the first lumen while the wiper remains
oriented generally in a first lumen radial plane from adjacent the axial direction
to adjacent the lumen wall, the wiper prior to deformation in the lumen having
a diametric dimension greater than said first internal diameter, whereby the
wiper in use in the lumen is resiliently deformable to bend in the trailing
direction at or near the first lumen wall so that a peripheral margin of the wiper
contacts a band of the first lumen wall through 360 degrees of arc;

and wherein the elongate member is further adapted for use in driving the

wiper in a lumen axial direction of the second lumen while the wiper remains



I nner portion adjacent the first lunen axis than at a radially outer
portion adjacent the first lumen wall. 13. Apparatus according to claim 12
wher ei n twe 206rag®oi n stiffness of the w per in the radipall/adizommeoan i s
chosen in conbination with the dianeteq of the wipers and the flexibility
of the wiper material, so that a range of |unmen bores can be cl eaned such
that the largest is up to 50 %greater than the smallest. 14. Apparatus

accor di ngotientedajenetaliyined secondrRinvérprIdidlplans frofii adjasehitper@Iast i
el astoner. 15, Single use apparatus for cleanj ngq)a |'umen of an endoscope,

sai d appafiecfiortionprineenidha lumenaya)l. thawinat@rion e defargationdn #igyat e nenber ,
a plurali WRer.S i e FH%%[ : ; menber bei ng
adapt ed f!)')rfn%ﬁ Péﬂnﬁ %Sﬂfeamvﬁq ﬁé?’kmﬁf‘%{gi‘@%ﬂgﬁx. a s%? E%S?#‘@W%ﬁ“ﬁ'e t he wi pers
remai ns odiaemster] wihéreby the adbergnfisedn ¢xd kmiemés mﬂ'@hﬁy |dbfd>rm|aﬂdé@tcb umen |
radial difectiop, the wipers being s ed apart in the axia I rection an
bei ng madéef‘ﬁadﬂrﬂ%?’ﬁr% g dgRefion éEPgF%%aF‘@ secesd dwpen watksehaip, and bei ng
resilient ¥y i b oh b ' f‘&ﬁ\ near the

| umen wal Féggﬁﬁgﬁ@b@e@ﬁgﬁgﬁgﬂ %ﬁtéﬁﬁ%@érﬁéﬂ}%@él ng'd\‘/?\ﬂﬂg%?x \@%"nt acts the
wal | i n athirangh 8g80etegirees ohamugh 360 degrees of arc, the w pers being
stiffer closer to the el ongate nenber than adjacent the lunen wall and the
el astonmeric material being sufficiently flexible adjacent the [unmen wall

that whenqg pragebesis @eéomgﬁg}d Eiire ¥ 1dpkereth i Mtagr galo?tﬁ%?'iiﬁ@tr_aﬁlé‘ﬂy' eadi ng

edge of the wi per, that ed forms sufficiently ow debris to pass

bet ween t wengortiamadianenithedisst lumes axigfharbgt aratbahsouteapotiorer 16.
Appar at us i, N0k claim 15 wherein there are between 5 and 9 circul ar
SRR s Culied) e

bl ades. 1 g to claim 16 wherein there are between 6 and
8 bl ades situated at or near one end of the flexible shaft. 18. Apparatus

according to any one of clajns 15 to 17 conprising a |oop
1 Apparatus according to claim 12 wherein the change in stiffness of the

wiper in the radial dimension is chosen in combination with the diameter of the
wipers and the flexibility of the wiper material, so that a range of lumen bores
can be cleaned such that the largest is up to 50 % greater than the smallest.

14.  Apparatus according to claim 13 wherein the wiper is made from a

thermoplastic elastomer.

15.  Single use apparatus for cleaning a lumen of an endoscope, said
apparatus comprising a unitary moulding including an elongate member, a
plurality of wipers integral with the member, the elongate member being
adapted for driving the wiper in a lumen axial direction while the wipers
remains oriented with a leading face extending generally in the lumen radial
direction, the wipers being spaced apart in the axial direction and being made
from a resiliently deformable elastomeric haterial, and being resiliently
deformable to bend in the trailing direction at or near the lumen wall so that a
peripheral margin of the leading wiper contacts the wall in a band extending
through 360 degrees of arc, the wipers being stiffer closer to the elongate
member than adjacent the lumen wall and the elastomeric material being
sufficiently flexible adjacent the lumen wall that when a predetermined

quantity of debris builds up against the leading edge of the wiper, that edge



bul b or like device of smaller radial dianeter than the narrowest |unmen to
facilitate gripping at or near the end of the shaft renote fromthe

ci rcul ar wbadewn029v9. Apparatus suitable for cleani ng borhTiARE0OEEY
channel |unmen-and the suction channel 2bunen of a flexible endoscope, and
for disposal after use, said apparatus conprising at |east one w per, a
nonofi | ament adapted to pull or push the wper in a filanment axial

di rect i ongafynl JufickSRIyCRY IRSPABHEs W phsPbdtwiRm Msivadll shd & biabe thhe Wi per
being integrally noul ded with the nmenber and made froma resiliently

def or mabl be ishepirbylaadawnstedamiviper , the wi per prior to use being a disk
| i ke formcentred on the nonofilanent, and having a dianetric di nension
greater than the internal dianmeter of either of said |unmens, the w per

bei ng thigger ApphRfusstedrdiid REEiaPh 18twiterelrinalé ¥ré DeRVediPs bham adj acent
the nonofilament than at a radially outer portion adjacent the w per

peri pher y¢irgiar Rlggeshe wi per in use when pulled into a lunen resiliently
deforns to bend in the trailing direction at or near the lunmen wall and
contacts the wall in a band extendi ng through 360 degrees of arc. 20. A

met hod of 1Z] eapbpgrains ascosiapty clampricsimgeimihest apsbefwednls ahbdrezadi ng t he
fl exi ble shaft of apparatus according to any one_of the preceding clains
into the BladessHupiad atar ngarangoandptthefiexigieishpftng t he distal end of the
flexible shaft and pulling it until the proximal end energes fromthe
suction valve; (3) threading said shaft into the biopsy channel of said
endoscope18andfpparatup pcogrdifetalasy ahe ehdlairhs t1ibetof17ecorhprsiab & lbopnd pul |i ng

2 1" mebHBTIRe AR AT a PR fheeBoNFEUBen Bhe. | uron
e d e O e o e s one.
transver sbladiesc menber attached to said shaft, the transverse nenber having
a transverse nenber dianeter greater than the lunen dianmeter, said disc

19.  Apparatus suitable for cleaning both the biopsy channel lumen and the

suction channel lumen of a flexible endoscope, and for disposal after use,

said apparatus comprising at least one wiper, a monofilament adapted to pull

or push the wiper in a filament axial direction which in use corresponds with a

lumen axial direction, the wiper being integrally moulded with the member and

made from a resiliently deformable thermoplastic elastomer, the wiper prior to

use being a disk like form centred on the monofilament, and having a

diametric dimension greater than the internal diameter of either of said

lumens, the wiper being thicker in the axial direction at a radially inner portion

adjacent the monofilament than at a radially outer portion adjacent the wiper

periphery, whereby the wiper in use when pulled into a lumen resiliently

deforms to bend in the trailing direction at or near the lumen wall and contacts

the wall in a band extending through 360 degrees of arc.

20. A method of cleaning an endoscope comprising the steps of: (1)
threading the flexible shaft of apparatus according to any one of the preceding
claims into the suction port of an endoscope; (2) gripping the distal end of the
flexible shaft and pulling it until the proximal end emerges from the suction

valve; (3) threading said shaft into the biopsy channel of said endoscope; and



menber being resiliently biased and contacting a 360 arc of the |unen, and
wher ei n passing the apparatus through the | unmen substantially renoves

cont am namo0edee®opr esent fromthe lumen wall. 22. A nmechod2emmooddng to
claim2 1 wherein the lunen is circulag in cross section, and the
transverse nenber is circular in the corresponding cross section. 23. A 7
nmet hod according to claim22 wherein the unmen and transverse nenber are in

a keyed cenfgrippireg thendistal end of the flexible shaft and pulling it until the proximal
end emerges from the other end of the biopsy channel.

21. A method of cleaning an endoscope lumen in need thereof, the lumen
having a lumen diameter, the method comprising the step of passing through
said lumen an apparatus comprising an elongate shaft and at least one
transverse disc member attached to said shaft, the transverse member having
a transverse member diameter greater than the lumen diameter, said disc
member being resiliently biased and contacting a 360 arc of the lumen, and
wherein passing the apparatus through the lumen substantially removes

contaminants where present from the lumen wall.

22. A method according to claim 21 wherein the lumen is circular in cross
section, and the transverse member is circular in the corresponding cross

section.

23. A method according to claim 22 wherein the lumen and transverse
member are in a keyed configuration.



