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TECHNI CAL FI ELD The present invention relates to cl eaning devices and
met hods, in particular devices and nethods for cleaning the interior
cavities of contam nated surgical and diagnostic instrunments. The invention

has been devel oped primarily for use in cleaning endoscopes

descri bed hereinafter to reference to thils application. ﬁmwummwmwuwm be
appreciated that the invention is not limted to this partl f
use. ~ 5 BACKGROUND ART An endoscope is an elongate cylindrical *leasér unent
that may be rigid or flexible and which incorporates an optical, or video,
systemand a |ight source. The endoscope is configured such mnﬂmmmmmﬁmm
can be inserted to sone depth into a surgical incision or

surfaces at or near the internally inserted end of the endoscopecmmﬂ be 20
viewed by an external observer. For exanple, at present, the |ongest
commonl y used endoscope is a flexible endoscope called a col onoscope. A

col onoscope is used for diagnostic and surgical procedures of the human
colon. The colon insertion portion of the instrument Is approxinmately 2
nmetres | ong and has one or nore hollow channels, or |unmens. These I "1 F
~. Fo 2i =1 mMmin dlaneter and run the length
of the end0€§Bﬁgﬁﬁ$a%§i§fh§§k?@%Régg to be injected into the colon to
inflate the organ or enable liquids to be sucked out. Additionally. |ong
flexible instrunents can be inserted down these or other |lunens to allow

bi opsies to_he ken and the wound to be cauterised These bi opsy 5 sanpl es
are then drgﬁﬁiiﬁgﬁiﬂﬁﬁéébh the lunen and sent for pathol ogy testing.

The present invention relates to cleaning devices and methods, in particular

2003

10 devices and methods for cleaning the interior cavities of contaminated surgical and
diagnostic instruments.
The invention has been developed primarily for use in cleaning endoscopes and
will be described hereinafter to reference to this application. However, it will be
appreciated that the invention is not limited to this particular field of use.

15 BACKGROUND ART

An endoscope is an elongate cylindrical instrument that may be rigid or flexible
and which incorporates an optical, or video, system and a light source. The endoscope 1s
configured such that one end can be inserted to some depth into a surgical incision or
body cavity so surfaces at or near the internally inserted end of the endoscope can be

20 viewed by an external observer.

For example. at present, the longest commonly used endoscope is a flexibie
endoscope called a colonoscope. A colonoscope is used for diagnostic and surgical
procedures of the human colon. The colon insertion portion of the instrument 1s

approximately 2 metres long and has one or more hollow channels, or tumens. These



New endoscopes can achi eve exceptional results in performng a vaﬂi%t@ﬁ%ﬁm93
surgi cal procedures whereby very small (2 cn) incisions are all that is
required. rather than the previous procedures which required incisions of
over 20 cmin length. Furthernore, endoscopic procedures usually enable
patients to | eave hospital after two or three days rather than the
previously necessary 7 to 10 days. Overdd, trauma is dramatically reduced.
However, a probleminherent with endoscopes is the contam nation of the

lumen wi t hjbhedsa@d alcanperial infdiamthmdrah iRNErgth OF the%aBRcBpe. MTHEAUS,
saliva, faeces, blood, pieces of tissue etc. ~ 5 Wil e endoscopes have

devel oped tly i cent . ti st of. el o ts. have
concent r at Boa oYt PERTRIbRRRe oBR o Brplcdfs SREH BB T M Bt anc
| enses, electronic controls and ot her engineering features. Progress in the
cl eani ng af¢rigr SHhfaddiienllyf loag desibispasirHagts eandielpseRise dRepithesa e olict h t he
engi neering and el ectroni cs devel opnents. Mire recently very sophisticated
chem cal anhdndhisachiow dalpsi2e ipbodiat sndhay evobee o theosatenipatl, THeae bypayrpl e) .
mufti-enzynme detergents which digest all human secretions which may be on

endoscope %MﬁEAIl%%[% tf](irh &Wﬁlrbaékotlﬂﬁh%eel%%ein%& rsé:l{!?&?p%t%%g @sthdpey are

di si nf ect ed. so relatively recently new sterilising systens "using D-~
L~;.3 _;_ hydrqgen peroxide plﬁsna or per ctiﬁ aciq.at.glevated enperature
have becone av Vﬁﬁﬁ8$x@fﬁ“@6?’@He§ﬁﬁ6@§335?” PUPEHEP RS PodhfiYaHd ef fi ci ent
cl eaning (known as "pre cleaning"”) prior to disinfection or sterilisation.
Di'si nf ect i swrginal proeedurgssaharery iy amalb(3 emt ingiions awHilidhatiaseqnoed batsr
conpletely cleaned is inpossible and | eads to patient infections. The

current pragedbe grel@is ploeadiregwhith engosd apeuaitadiober 20hen ivlehgi ng steps. 1.
Renoval of the soiled endoscope fromthe patient. ?. Rinsing the soiled

Reroval of the soiled . .
out er sheat BTG oy P® pERUE A Ehath, oMo B Mo Ptk BT

t he endoscope | unmens with water using a |large syringe or other water jet.
0 the-ee days rather than the previous?y negcessary ‘; 90 10 a/ays. veragl. trauma is J

dramatically reduced.

However, a problem inherent with endoscopes is the contamination of the lumen
with biological material from t'he patient, for example, mucous, saliva, faeces, blood,
pieces of tissue etc.

15 While endoscopes have developed greatly 1n recent times, most of the
developments have concentrated on technical aspects such as the use of optical fibres
and lenses, electronic controls and other engineering features. Progress in the cleaning
and disinfection of endoscopes has largely not kept pace with the engineering and
electronics developments. More recently very sophisticated chemical and biochemical

20 products have been developed, for example, multi-enzyme detergents which digest all
human secretions which may be on endoscope surfaces in order to pre-clean instruments

before they are disinfected. Also relatively recently new sterihsing systems using



4. Brushing the lumens with an endoscope cleaning brush whilst the 171 FEJ 2083
instrunment is imersed in water. 5 Digestion of the contam nants by
imrersing the instrunent in a nmulti-enzyne 15 detergent bath. In sone

pl aces detergent is used rather than enzynes. ' 6. Rinsing the instrunent
and the holl ow channels with water and then air blowi ng to substanti al

dry the surfaces in order to avoid dilution of disinfectants.. The
endoscope is then ready for disinfection or sterilisation. In sone

vari ations afydtdien @E@Qﬁﬁgﬂ@ma&tr%ra@et@dﬁt1@at@l@afe@ﬂk@ﬁ@ﬂtu@hzﬁxe%@&n@f
brushing 20 while the endoscope is imersed man enzyne detergent bath.
Typically, the andoscope cleaning brush referred to above has a |ong
flexible stainless steel body conposed of a flexible stainless steel ware
core covered by tightly coiled flexible stainless steel. The diameter of
this body secti o Paledspreseppssranyretthprepeh andiefficieny clogyang Gknpwniagepiend of
the body is a 30 nmsection of nylon bristles. These flexible bristles are
usual |y i nt edesmuefi) pvidrho tihsénfsdtminndresslisttoal DigifestuomtiestdrilisatidbreoSacti on is
approximately 5 to 6 nmin dianeter. The cleaning brush is used to briskly
brush backwapgsngddd whRhMa 4o Ao PR 1M Bletnddg D ohPoQfb1d 118 1L4HTRY pRfiediNe
endoscope to renove the maxi num anount S of biol ogical matter cBntanlnatlon
prior to enz .di gestion. Typically, cleaning brushes used for endoscope
cl eani ng redéﬂ%gmg'clean and di sinfection between each cycle of use, in
that they are given a water rinse soaked in an enzyne bath. acid usually
recei ve the sanellgicsiratigupsagnrealor elieniehaperdopropetesils theffhBewingrseepso limits
on the nunber of cycles of use of such cleaning brushes and nmany remain | o
in use afterl.noRentsvabdf theasiledeendogopd ircmnthe patrdper of bristles have broken
away. Sone procedures, for exanple diagnostic exam nation of the human

oesophagus and st,QiRe 1e%necf3§15§ﬁﬁ:1@m;1 b $h&dyita %16&551%%95?@&@]2 Ll wliﬁgr(r?g 30

patient is sedated, while cleaning and disinfecting would require o

m nut es. Endoscopes are exggn ive instrunments, man cost%gg gp to between
$20,000 'L 5 $50°000M BUERIEATOY I AFEEKUGRPHFT RELOTPAYH] BPOR&IRS tend to
purchase only the m ni num nunber of instrunments necessary to ensure a
simoot h wor k 3)( | ovRingigg theraadagcope tupeane wWith water using a large syringe or other water jet.

4. Brushing the lumens with an endoscope cleaning brush whilst the instrument is

immersed in water.

wn

Digestion of the contaminants by immersing the instrument in a multi-enzyme
15 detergent bath. In some places detergent 1s used rather than enzymes.
6.  Rinsing the instrument and the hollow channels with water and then air blowing to
substantially dry the surfaces in order to avoid dilution of disinfectants..
The endoscope is then ready for disinfection or sterilisation.
In some variations of the procedure, step 4 and 5 are repl_aced by a step of brushing
20 while the endoscope is immersed 1n an enzyme detergent bath.
Typically, the endoscope cleaning brush referred to above has a long flexible
stainless steel body composed of a flexible stainless steel wire core covered by tightly

coiled flexible stainless steel. The diameter of this body secuon 1s approximately | mm



consi derabl e pressure to disinfect the endoscope for only the shortle$tFEB 2003
effective tine. Any inprovenent in the tine required to disinfect the
endoscopes has the potential to' reduce the nunber of instrunents which a
practitioner needs to purchase. 20 It is an object of the pressent

invention to provide a device and nethod to inprove the speed and/ or
efficiency of cleaning endoscopes and the |ike. DESCRI PTION OF THE

INVENTION 1 1 ~ ~: ~y ?~~3 -5 According to a first aspect the invention

provi des amekhdof Gk b?’b?gﬁ ?"k?m% Q&ﬂBRB};ﬁﬂBﬁ%riEH&? g@%e Atﬂ@%ﬂ%ﬁ%&%

conprising the steps o ng or pus g awpin er axially through

the lunmen, the w ping nmenper beipg adapted to w.pe the internal | 1_ of the
| umen or t%Uﬁ‘fﬁég*t@w&gwmt%%stan@ﬁwgépﬁér LR 86 sertian Somammny S
remai ni ng after passage of the nenber are uniformy distributed about the
full circunféenencaighetehel ientleamingrbrst Is uséd toheisklyntenshalsackwhitdlis and fdrgarénd
treating the uniformfilmwth a cleaning conposition. In the use of the
net hod, thgogd @RI RAFMQTId lQerHro@f{f%re%@bé’co;pg@d HARYe AREMAimbLth ARGENt L
enzynmes. Experinents have been conducted by the present inventor using a

transparent. t.ube of the sanme.di aneter. as _an _epndoscope | unen contan nated
wth co%p6§ﬁ¥&§ gggpﬁqrégnagn?tggé“@ﬁgﬁhzﬁg$épf?ﬁgﬁse and using the prior
art cleaning nethod. This has reveal ed that the nature of the bristles
mai nly serve tbymeAY: elsaning Buishes yspdRrgndpschps tleanae KgeiyeAgkdnBad ti cul ar
matter backwards and forwards rather than to renove it fromthe hol | ow
tube. The dikinGktiwh beowesn eambrrytleafiusg ibilat dgyaad givat & magk rinse Siakgd i an

redi spersed in an uneven fashion throughout the |lunen, creating in places

t hi ck depoéiz%ﬁeﬁbratl{ Elixcgg_ﬁl%'l'lvgécepjeQﬂxé)an?ea&isiH?etc]cﬁM a &ekhéés_c%)/né%ﬁi e ul 'y

di gested by e enzynme in the short period of the cleaning phase or are

di gested nore sl ow han thinner film 20Q sections in the "valleys". between
i dges. THEE PRdE i Sy EAER TeTEier UL STt CHe R HUSioRas FORY FHEP Baces
the overall cleaning time. The thickness of the deposits is a rate

det er nilfi nig Usaeftermpsi or Aeleas 2ysiamificant number of bristles have broken away.

Some procedures, for example diagnostic examination of the human oesophagus
and stomach can be accomplished in 10 -15 minutes after the patient is sedated, while
cleaning and disinfecting would require over 30 minutes.

Endoscopes are expensive instruments, many costing up to between $20,000 -

15 $50,000. Because of this high price, practitioners tend to purchase only the minimum
number of instruments necessary to ensure a smooth work flow. As a result, there is
considerable pressure to disinfect the endoscope for only the shortest effective time.
Any improvement in the time required to disinfect the endoscopes has the potential to’
reduce the number of inslrur;ents which a practitioner needs to purchase.

20 It is an object of the present invention to provide a device and method to improve

the speed and/or efficiency of cleaning endoscopes and the like.

DESCRIPTION OF THE INVENTION




di gestion step. 71FF~ f ~~.:~ -6 The inventor has found tha 1bygusgq
of the i ' E FRD” 2003

present nmethod a nuch greater proportion of contam nant can
renoved in a single pass through the [umen and any renai ning contam nant is
spread nmuch nore uniformy and as a thin filmwhich is rapidly and
uniformy attacked during the digestion step. According to a second aspect
the invention provides apparatus for use@in a nethod of the first aspect,
sai d apparatus conprising a w ping nenber adapted to pass axially through
the lunen so that contam nation renmaining after passage of the nenber
through the | unb¢rording iha fissesrer! fie dryenspRpioviista PeIPS Pralfdningtthe i nteri or
of the lunen as a thin film 10 For preference the w ping nenber is
at t achabl e,coatanminated puredres fadnl endpsiopanemptiyingtlicastésdht 0 an el ongate shaft or
cable. This may be flexible for flexible endoscopes or rigid for rigid
endoscopes., i i anpl e,
a disk dis 8@2%3orthgggﬁgymhﬂgogﬁﬁgwgﬁgpghgbéﬁﬁﬂ%g§MQ%gg\§331ﬁggﬁbégphere
cone, spiral.or r to use, one i sk-shaped 15
Fohs as w i wleaimee o el Falon Bk her 57 f Pie Aol B aot s on
W pi ng nenbers which are not fully circunferential at their tralllng menber
| eave r b dgedeapince gathkaticoriamingnesTemaliingiaitdnmassgae ohteaneosy apeuniftiminunber
of ridges will depend upon the design. Even if a nunber of partially
ci rcunf er enfidtabutse gpBtise ACICikdR fOBRcadTQhd Biteridd VMIESERE l@ndnldsla thin film;
circunference when viewed end on, the 20 trailing member will |eave ridges
in the contg gi nant filmwhere the edge of the partially circunferenti al
segnent is drawn through the contaminant. In a particularly preferred
enbodi ment, the pin gﬁludes a rOX|nateI¥ 50 circul ar segnents of
citar o seafie Hebipn dimiviy . ShEn B cpBweatar 90 1o the shaft. - 9 1 r- -
~WI,3

In the use of the method, the cleaning composition preferably includes one or

10 more enzymes.

Experiments have been conducted by the present inventor using a transparent
tube of the same diameter as an endoscope lumen contaminated with compositions
similar to those encountered in use and using the prior art cleaning method. This has
revealed that the nature of the bristles mainly serve to move the viscous liquid with its

15  suspended particular matter backwards and forwards rather than to remove it from the
hollow tube. The thick viscous, non flowing biological material is simply redispersed
in an uneven fashion throughout the lumen, creating in places thick deposits or
“ridges” of biological materials that may not be fully digested by the enzyme in the
short period of the cleaning phase or are digested more slowly than thinner film

20  sections in the “valleys” between ridges.

The resulting uneven distribution of the contamination increases the overall
cleaning time. The thickness of the deposits is a rate determining factor in the enzyme

digestion step.



According to a third aspect the invention provides a nmethod for mandf ack Bif e20g3
of an endoscope cl eani ng apparatus according to the second aspect

conprising the step of noulding a wi ping nenber conprising one or nore
radially directed fins in situ on a polyneric elongated shaft or cable. 5

The wi ping menber may be fornmed integrally with the shaft, or may be nmade
separately. It may have a solid core or-@-hollow core. The invention will

now be nore particularly described by way of exanple only with reference to

t he acconpanyi ng dramﬁn%s. BRI EF DESCRIPT“gg OF THE DRAWNGS 10 Figure 1

shows a pref er r edDeHYSHORBAY fogpd ghat Appss ok the ProFnUBEhPH 2 CpuchrieaieTa

contam nated | unen of an endoscope in accordance with the present
i nvention. progomendfshmamizant caske sawivedim afingheepass gfrenghatie dmbadamienty when
inserted into the unmen of an endoscope. Figures 3-8 shos alternative

enbodi ment Sreﬁfaiﬁiﬁ%c@ﬁt%ﬁﬂaﬂgisggf@grmnR:fh hé&t@ vhPtoPhBSER asl aUBNEInPRhicREST MODE
FOR CARRYI NG OQUT THE | NVENTI I | A preferred énbodi nent of the invention

has a | ong sl ender, bo conposed .of .a flexible material having a pulling
end 2 and d@PF%ﬁﬁﬂj5“8%?%?ﬁﬁgg?agﬁ?F%H@‘i@%BPnéﬁFacent the other end 3 is
an apparatus 4 conprising a plurality of w ping menbers 5 20 which in the
present Sexanpl e Ge¢EHEEI0 BfseepndAspset SdaeentwpareVidpskprarrapeler fieis a
increasing in diameter in a direction opposite the pulling direction. The

maxi num di afethed ofthedirskaspect] Sid gppardiad @ogdidig b 88sing hasmbdiadafitedet er of
the lunen. The disks extend radially froma l11FEy ~~1~ g_ sold

flexible ?ng&?s Bxity ?l{}oh% @letlﬁ-lrg%g s% Ikt & éﬁ%#i%% ?&%ﬁgﬂg falifhé_ﬂg%%;b(}é}?ﬁ iSS

press for SO as"to retaln t I NS. )
Body 1 had BOTBHGER 80 e Lotendbs SO ALY BAKUrF i IPHES FBRGUF ii=monet hol | ow
channel . The round ended body of the device is inserted

the lumen as a thin film.

10 For preference the wiping member is attachable, or more preferably
permanently attached to an elongate shaft or cable. This may be flexible for flexible
endoscopes or rigid for rigid endoscopes. The member may include wiping elements
which are, for example, a disk disposed orthogonally to the shaft or it may be a
cylinder, sphere, cone, spiral or the like. [t is preferred to use one or more disk-shaped

15  fins as wiping elements as these provide a more effective scraping action.

Wiping members which are not fully circumferential at their trailing member
leave ridges of contaminant when pulled through the endoscope. The number of
ridges will depend upon the design. Even if a number of partially circumferential
segments occlude one another to present a full circumference when viewed end on, the

20  trailing member will leave ridges in the contaminant film where the edge of the
partially circumferential segment is drawn through the contaminant.

In a particularly preferred embodiment, the wiping includes approximately 50

circular segments of similar size in close proximity and disposed at 90° to the shaft.



5 into the proximl end of the hollow channel and pushed down U”ti11iTF8'm03
emerges fromthe distal end whereupon it is grasped and pulled through, =~ ““*
renoving the bulk of the contam nation. Ideally, this procedure does not
require repetition. Al residual biological matter is snmeared evenly over
the internal wall ma thin coating by menbers 5 which ensures quick easy

di gestion by the enzynes rather than a previous situation | o where the

bi ol ogi cal matter was di spersed in |localised "hills" and "valleys" and

requi red | onger i RITe 1 i : i be nmade
sufficiently inégﬁggg 3% y“g%gﬁgéfa?gwggﬁ db%gmggg@g?%gg%gﬁgggeﬁgg? or at
nost discarded after a days use. For preference, the w ping .nenber is

i nj ect i on HETH WESORE G1eHHEE GRRATRHS PEROTHBAYO i SERPIALSRFL GOMREING NS pol yrer
whi ch has been extruded. The nelting point of the 15 portion to be

i nj ecti on sapubidedulidsg deglihy msmbhr asnprisicaoseoranpigsadinllnwdirbctehBnext r uded

pol ymer during the injection noul ding process, such that the two portions

cannot be %pﬁr@}%(gyme;}@@ofnig’ﬁgd@qﬁt Shagrd apart on the solid extruded core
6. Spaced apart fihs appear to nore efficiently renove contam nation than a

single_fin due to the rheology o he contam,nant, m xture. 20 Typically)
The d: Sneter of Trei T BRASE A ondoneo B EIRat: Br bt st R ) s
preferred that the device according to the present invention has a cl eaning
nenber whisepaRElar Bmny Iove 2apphiheee ohehollay Gofs wi dest point, than the
endoscope lunmen. G ven the expected tolerances in injection noulding, it is
expected that tTie chivemmeinewilvaw He bere pdrtidulkrly desedibed b day-o9 exarhplen 0. 1 nm
of the theoretical dianmeter However, for |unmens of other dianeter the size

of the cl eaMN QGhBRRS e ¢ heRE drth #&Aui red. The cl eaning or w ping
menber may B% formed f$0n1gneuﬁﬁﬁé%réﬁ?ﬁagﬂ%ne conponents. Preferably, the

body is caggﬁiﬁgggégﬁ, stai nl ess steel spring tenpered
wire or t ; scope lunen is usually nade of

pol yurethane in the case of flexible endoscopes, acid stainless steel mthe
case 6P rigid dngascopwsys 4 prefesed apdpdispant ohan apneates Banphiy dearbe a be
selected froma material which will not score this inner surface of the

| umen. Thusntag€gatedbirert dftancdndastopg imEsthetants witarnheprefenoivantidd.er i al

Figure 2 shows a cross section of the preferred embodiment when inserted into
the lumen of an endoscope.
Figures 3-8 shos alternative embodiments of the cleaning member of the
15  present invention. -

BEST MODE FOR CARRYING OUT THE INVENTION

A preferred embodiment of the invention has a long slender body 1 composed
of a flexible material having a pulling end 2 and defining a pulling direction. At or
adjacent the other end 3 is an apparatus 4 comprisin.g a plurality of wiping members 5

20  which in the present example consists of axially spaced apart disk shaped fins
increasing in diameter in a direction opposite the pulling direction. The maximum
diameter of disk 5’ is very marginally less than the diameter of the lumen. The disks

extend radially from a



which is not as hard as the inside of the endoscope. In a conparativp1 FER »ap
P , . LB 2003

study, a transparent lunen of simlar dinmension to the lunmen of an

endoscope is contam nated with a nmucous which is of simlar physical

characteristics to those encountered iii the normal use of the instrunent.

Repeat ed use of a brush of the kind now commonly enpl oyed was found to

renove sone of the contami nants but |eft8a > > substantial quantity within

the lunen. The renmi ning contam nants were very unevenly distributed both

in the axi ghhynehbRbHONWANE ,i;ﬂutvl)@femcdoragwr;%h%ay 2l ek ERFS i OftessHopRSd i on in

a solution (ea epizyme rapid bath) required 6 to |2 mnutes. \Wen apparatus

according to_the jnvention s, used e, interior.of the |umen was

Subst ant rart §° Dal B P AP Eithet B2 sl SheRsuiiey FEastly %R (11 m
of contam nant 20 renaining. The thin filmwas seen to be uniformy

di st ri but edaaghithe aaeaen spriaesiof Hadiraei Bedy yhaBeleagibat tehd 20010 mmi erapes ar e
uniformy distributed, the enzymatic cleaning solution was able to

subst ant i allian ¢ gagth dfhiee hollow whdnAein Thetroud ¢ridedbedy bftht devicakansdrtetihe
non-uni form di strbution of the remaining contam nants of the prior brushing

1'f ~ d Fafhemodmall [ j [ g ' ion is
of maxi rum ThEdnes e Bf bp 1bG Chats WATab e FHERT MAGH Enpiabl ARLIEE D
filmand tHezﬁverahl trine to ob%aia al%?tisﬂ)ctong.de ogtﬁhun tion will be
greatly | efiGiHERG A esUReD L grpsedang PRFIFY (hreehy R Vd”?a‘és XA shaped fins
are enployed. These fins . 5 are radially extending in the formof either a
di sk or conenemitaney. heplipahis psersdersgioghnofregiskspertionordbregidagied i n

dianeter. Afin nmay be of greater dianetric dinmension than that of the

lumen and ibiblbdladl neaee ivintdarddeeveRlyidve e iRbriabagll 1rdd thif Soddiak ibphedbahs fin
may al so be mthe formof a spiral. At |east one fin desirably extends

360 at o vLr ey onRk Rl b 0! RS e T P N BB 2S ot her
SRR R M SRR TR R
space protrusions to maintain the cleaning nenber at a uniform
ci r cunf er ehtrigat pepaisiofigigestom. tiHeallyusunh aevice could be made sufficiently
imexpensively so that it could be discarded after use, or at most discarded after a days
use. For preference, the wiping member is injection moulded onto the end of the body
which is also made of a polymer which has been extruded. The melting point of the
IS portion to be injection moulded is ideally such as to cause a fusion with the extruded
polymer during the injection moulding process, such that the two portions cannot be
separated. The fins are spaced apart on the solid extruded core 6.
Spaced apart fins appear to more efficiently remove contamination than a single fin
due to the rheology of the contaminant mixture.
20 Typically, the diameter of the lumen of an endoscope in the range 1 to 4.8 mm. It
is preferred that the device according to the present invention has a cleaning member

which 1s around 0.1 mm narrower, at 1ts widest point, than the endoscope lumen. Given

the expected tolerances in mjection moulding, it is expected that the diameter would be



15 Figure 3-8 show ot her enbodi nents of the invention with regards 1d FEE 2603
vari ations of the cleaning nenber 3. For exanple, figure 3 shows a cl eaning
menber with the fins of equal size. Figure 4 shows a cl eaning nenber forned
of a single block with circunferential grooves. The fins do not have to be
di sposed at 90 to the body, for exanple figure 5 20 shows a series of cone
shaped fins and figure 6 shows a spiral.” Figure 7 shows an enbodi nent of
the invention wherein the fins are larger than the |lunmen but are

resilientl yitbinasedinabf theehedges] diringter e HYwshawdraumérsarfiongr dimzesr tivher ei n
the roping action is produced by a plurality of balls. 11f-C~ L~ ~7
COVPARATI VB, EXAMPLIES: i REST VT DL ORI WAL I DA NG TREE ERFL GAGY & rENRESCOP! C
CLEANI NG DEVI CE The teSt described herein is derived froma variety of
tests used wor | mﬁdg, for 5 exanpbe British Standard Test Method BS2745.
TEST CONTAIRY RATIEIRSHNPPES PmPF BabQinA PO Sar i ety of material s
representing the various classes of human secretions. m xed with bacteri al
spores at a knBwferptdyehe body mopheobrist ol xpropiencanrylph. stdialessetee! aprineat i on.
The conposition is simlar to that described in the abovenentioned British
st andar d t esdpercihiise gt dikk nant in a known volune is used to contam nate
the lumen to be cl eaned. The test organismused is Bacillus subtilis

variety gl obi gi«g the iR4i8e bBBRNASE l?é QurR9s BsuhAY mala_gob?awehanwm &b chs easy

to cultivate and grows on nutrient broth and nutrient agar and 1s

non- hazar do to | aboratory personnel. The test. organijsmis crown on a
a1 et bPbRFRGE R, TG e Secken Jr et e oS HistBef oy -
5 centrifuging and washing four tinmes in sterile distilled water. The final
spore washthag giq@&taei@gtr@m@mbﬁ@clemsd fiomua meterigl Which vahyor snoed thisngnereget at i ve
cells. The yield of spores will be approximately 10[err] spores/m . This

Spore suspeifdconf ihg 1ehen.ethal, dddrauittht clegfif hthbanid foanddfromatrahmees f or
nore than one week. TEST CONTAM NATI ON M XTURE 20 The following is used to

prepar gt h@vh?crhtig H)tc‘f.s %IarGCaCMB@msnﬁ%tf’the endoscope.

In a comparative study, a transparent lumen of similar dimension to the lumen of
an endoscope is contaminated with a mucous which is of similar physical characteristics
to those encountered in the normal use of the instrument. Repeated use of a brush of the
kind now commonly employed was found to remove some of the contaminants but left a

15 substantial quantity within the lumen. The remamning contaminants were very unevenly
distributed both in the axially direction and in the circumferential direction. Digestion in
a solution (eg epizyme rapid bath) required 6 to 12 minutes.

When apparatus according to the invention was used, the interior of the lumen was

substantially wiped clean with a single pull through, leaving a thin film of contaminant
20 remaining. The thin film was seen to be uniformly distributed both radially and

longitudinally. Because the contaminants are uniformly distributed, the enzymatic

cleaning solution was able to substantially digest the film within 2 to 3 minutes In the

case of the non-uniform distributon of the remaining contaminants of the prior brushing



Beef Steak = ~0 ~, Raw egg = ~0 g, Boiled potato = ~0 e" ~1~r ~aQPsy 200
-12 Hog Mucm= 2 g, Water to 500 nl The ingredients are dispersed in a i
bl ender for 10 minutes. The spore suspension is then diluted to yield 109
spores/m. 1 O mM of the spore S suspension containing | 0O ' spores is

mxed with 100 m of the artificial contam nant This serves as the test

mat eri al. | NTRODUCTI ON OF CONTAM NANT 4+l of the contanminant mxture is
injected into the biopsy |lunen of a col onoscope. Care is taken so that the

cont am nangr Th&8iefidn8AREAS whegl @aiahhfatBhePsSymhHARM ARdnkS wipakiedvQyer the
| umen wall by rotating the endoscope after the introduction of the

contam nant. PHYSI CAL,. CLEAN USI NG PRI RT NI NG BRUSH The soil ed
endoscope rlngdi] Wlmr:rsqg\ F5 2 ee“mofglf]hgg,&ﬁ\%f)\éecégﬁ”eﬁ%ﬁ ‘5%%?@5&9% brush

is introduced into the contam nated bi opsy |lunmen and energetically brushed
forwards agr$opEERMIcasviildie arepsiniprgdteeneéngt h of the lumen for a period of 30
seconds. The brush is renpoved and the endoscope is then renoved fromthe
bath, the wat eDesimbal, hohedfyofdpaied apardditihshapad A8 apenipfoyedbMaegeths N a
known vol unme of an endoscopi c cl eaning solution (Epizynme Rapid) diluted

accor di g £ LR UGLAAM: Al il & Aber Pl BALRL of thoAdUGts llRaBALR | S

mai ntai hed i n the tenperature range ean syringe is
used to ensure that th ndpscope channel. is. filled with the cleanin
Sotut i on SR PHOTFUHENE PSR B LGNS bE A e it Shenainer BIbG:  he
syringe is used to irrigate the channel five tinmes with 50 ml taken from
t he bat h oof thaddmecarsingipt case will be resilient at least at 1ts periphery  The fin may also

be 1n the form of a spiral. At least one fin desirably extends circumferentially but a
plurality of fin sectors extending over less than 360° at the circumference and angularly

10 disposed so as to occlude each other may be employed, provided a homogeneous film
results.

Fins extending 1n a circumferential direction at their outer periphery may have one
or more space protrusions to maintain the cleaning member at a uniform circumferential
spacing from the lumen wall.

15 Figure 3-8 show other embodiments of the invention with regards to variations of
the cleaning member 3. For example, figure 3 shows a cleaning member with the fins of |
equal size.

Figure 4 shows a cleaning member formed of a single block with circumferential
grooves. The fins do not have to be disposed at 90" to the body, for example figure 5

20 shows a series of cone shaped fins and figure 6 shows a spiral. Figure 7 shows an
embodiment of the invenuon wherein the fins are larger than the lumen but are

resiliently biased at the edges. Figure § shows a cleaning member wherein the wiping

action 1s produced by a plurality of balls.



ii~~ -13 USE OF ENDOSCOPE CLEANI NG DEVI CE ACCORDI NG TO THE PRESENT PR an

| NVENTI ON The soil ed endoscope is Imersed in a water bath. An endosl(}pé[‘j 2003
cl eani ng device according to the present invention and as shown in figure 1
was introduced into the i proximl end of the contam nated biopsy |unen and
pull ed fromthe proximal end through ta the distal end once. The device is
renoved and t he endoscope is then renp &d frombath, the water allowed to
dram and the endoscope subnerged in a known vol une of endoscopic cl ani ng

sol ution ( Bk Y d according to instructions at a rate of 75

1 water 10 to product. The bath is maintained in the tenperature range 25

to 30C. A THESBRMBHOD FYR MG DASTINSEUHEE RIS Uty DRENDOSCepdoscope channel
is filled with the cleaning solution. The instrunent is allowed to stand

for 5 m'“§f§E“MN%”9§9ﬁﬂ$the syringe is used to irrigate the channel five
tildes wt ] romthe bath on each occasion. CONTROL ~ 5 The
contam nat ed endoscope i s enersed wthout physical cleaning into a fresh
endoscopi ¢ cIé@ﬁﬂﬁﬁ‘@%FG@¢Bﬁeﬁﬁ§Hﬂﬁﬁﬂéhﬁﬁadg“ﬁé§§FﬁﬁéﬁﬂhwasﬁwéﬁdﬁﬁlIomed to
soak for 5 mnutes as described and then irrigated as descri bed above.
ENUVERAT | @Na@ip!eBACTERS AbdCOUNTt Mbkhod BoS2@4Tount vs determ ned by taking a 50
m sanple fromthe cleaning bath 20 after endoscope renoval and agitation
of the batfesftcoNTRlINAGIGRMHgPis diluted to 9 M with the nutrient broth
and this sanple further difTuted ( tnl 0 and up to 1 ini 00,000 1 m of
the above diluted sanples are plated.i,n duplicate m nutrient ar. The
plates are aIﬁB&@aeF%HQSV}HVFyﬂgaHﬁg?%sﬁﬁgg RS %fmggﬁckb¥mf reedays The
nunber of col onies - 14 were then determ ned for all sanples and the

col ony couSEueRRVRIKekVIth Baqiergil eParey atakpopRdehnfpine ghe basis for the artificial

contamination. The composition is similar to that described in the abovementioned

10  British standard test. This contaminant in a known volume is used to contaminate the
lumen to be cleaned. The test organism used is Bacillus subtilis variety globigii. This is
an aerobic spore forming bacteria which is easy to cultivate and grows on nutrient broth
and nutrient agar and is non-hazardous to laboratory personnel. The test organism is
grown on a nutrient broth for two to three days at 37°C. The spores are harvested by

15 centrifuging and washing four times in sterile distilled water. The final spore wash is
heated to 80°C for 135 minutes to kill any remaining vegetative cells. The yield of spores
will be approximately 10’ spores/n;l. This spore suspension is stored at 4°C until
required and is not retained for more than one week.

TEST CONTAMINATION MIXTURE

20 The following is used to prepare the artificial contaminant,
Beef-Steak = 50 g,
Raw egg =50 g,

Bouiled potato = 50 g,



SAMPLEPROCEDURESPORESCont rol No physi cal cleaning, 5 m nute bath7.35Use of
prior art cleaning brush3U second scrub, 5 m nute bath4.89Use of eﬁbbd'tnlbrﬂ[}[]:}
of Fig. 1Single pull through, 5 mnute bath 1.53 TIME TAKEN TO REACT- |

Tl -1 E SPORE COUNT I N THE RANGE OF LOGS TO LOG SAMPLETI ME TAKENControl | 6

m nutesPrior Art C eaning Brushl0 m nut esEnbodi nrent of Fig. 11 m nute As

wi || be understood by those skilled in-tBe art based on the teaching hereof
the invention nmay be enbodied in other fornms and may utilise other
materials w t help Mepaktd ig from the concepts herein descri bed. 11-~70
n ~ ~~a ~s THE CLAIMS OF THE | NVENTI ON ARE AS FOLLOAS: A nethod for

cl eaning a conmﬂgts g !umen of an endoscope conprising the steps of:

pul ling or pushing a w ping nenber axially through the lunmen, the w ping
menber 5 being adapted to wipe the internal wall of the Iurren or to pass
through with a 1§Frﬂ181redd‘l“§%t?r§ﬁé§§e’§6d thablepdsitiant havaEes enmi ni ng after passage
of the nmenber are uniformy distributed about the frill circunference of
the interior waht spfre sispehuorei tizs chlmdftinoyfwlhrho spudesd/meat Ding dfhie: gpord or m
filmw th a cleaning conposition. 10 2. A nethod according to claim1l

wher ei n st hguglgas &gnmmgq%i’ bhoRdy ik RGkADRRHL Q06 nQrof'ﬂEH&uﬁEI%b’éB%%ann%antA met hod
according toclaiml or claim2 wherein the thin filmis substantially
hom)geneoui in tvh ck§e§ n both a radial and Iongl tudinal direction. 4. A
met hod accortfifig t8° ﬁyeséﬁmeé‘ta claims 1 to 3 wherein the filmthickness is
15 obt ai ned W|th a_singl e pass of the Wi pi ng menber through the lunen. 5. A
net hod accONIRPYGTUNY OIeONTANINANT| to 4 wherein the 'wi pi ng nenber is
pul | ed through the lumen by neans of a flexible polyneric cable. 6 A nethod
accordi ng to ang ndrd tlefcontamiinant Inikardisfinjetiee intc onpsibgiynigmehef st ep of

di sposing of the w ping nenber after use in cleaning one endoscope.

colonoscope. Care 1s taken so that the contaminant mixture remains inside the biopsy

10 lumen and is coated over the lumen wall by rotating the endoscope after the introduction
of the contaminant.

PHYSICAL CLEAN USING PRIOR ART CLEANING BRUSH

The soiled endoscope is immersed in a water hath. A standard Pentax ' cleaning
brush is introduced into the contaminated biopsy lumen and energetically brushed
15 forwards and backwards for the whole length of the lumen for a period of 30 seconds.
The brush is removed and the endoscope is then removed from the bath, the water
is allowed to drain and the endoscope is submerged in a known volume of an endoscopic
cleaning solution (Epizyme Rapid) diluted according to instruction at a rate of 75:1
water to product. The bath is maintained in the temperature range 25-30°C.
20 A clean 50 ml syringe is used to ensure that the endoscope channel is filled with
the cleaning solution. The instrument 1s allowed to stand for 5 minutes, whereupon the
syringe 1s used to irrigate the channel five times with 50 ml taken from the bath on each

occasion.



20 7. Apparatus for use in a nethod according to any one of clains ﬁ tﬁ'@’m
sai d apparatus conprising a w ping nenber adapted to pass axially t ﬁo'&ﬁ 2403
the lunen so that contam nation renaining after passage of the nenber
through the lumen is substantially uniformly distributed about the interior
circunference of the lunen as a thin film ~ ~~r-~~1;~~ 16 8 Apparatus
according to claim7 wherein the w ping henmber has a smaller diameter than
the lunen. 9. Apparatus according to claim7 or claim8 wherein the w ping
menber is atSEchBEND @HCARE €11 dgRINeG EXaf 1€ o CECARIRING T OOT HARRA SHNIB
according to any one of claims 7 to 9 wherein the w ping nenber is

per manent | ypaytrahes to an el ongate shaft or cable. 1 1. Apparatus
according to any one of clainms 7 to 10 wherein the shaft or cable is

flexible. 12. aratys according to any one of . clai 7 to 1 wherein the
Shatt or cabi e T0¢ B ondSsitry enmeadits PAR: By’ AR Rrdent hedorderee o
any one of clainms 7 to 12 wherein the w ping nenber includes at |east one
radi al | y exaenalingtof thy pepserd iiepiiprgarel asribavn 1 Ggwggpeesanuedured ortdithyy t o any
one of clains 7 to 13 wherein the w ping nenber includes a plurality of

radi al | y sexpeméthaigntiiofigheasnishnatg @bssyEningn addpllfed Appaieatrusinatend ding to
any one of clains 7 to 14 wherein the w ping nenber includes a disk shaped

wi pi ng el emgpbynl-nAPRAl &fduscaccording to any one of claims 7 to 14,
wherein the w pi ng nenber 1 ncludes a cylindrical w ping elenment. 17.

Appar atus accordjing to any one of clains 7 to, 14, wherein the w ping nmenber
20 includes a sgh‘ég?vd‘aﬁ ‘bﬁb?‘ﬁg apgl diehfioscoge 1sARphieRoysd g@ﬁ’ol?a(ﬁl?"ﬁﬁe R&te ny one
of clainms 7 to 14, wherein the w ping nenber includes a spiral w ping

el ement . 19alloywshtoatrus. anddbe eidescope seryeran@inos kigvel yadume poeridpsedree ei n t he
W pi ng nmenber includes a conical or frustoconical w ping elenent. i ~FF
$ ;Ir;~ 17 cieaning solution (epizyme rapid) diluted according to instructions at a rate of 751 water

to0  to product. The bath is maintained in the temperature range 25 to 30°C. A clean 50 ml
syringe is used to ensure that the endoscope channel is filled with the cleaning solution.
The instrument is allowed to stand for 5 minutes, whereupon the syringe is used to
irrigate the channel five times with 50 ml taken from the bath on each occasion.
CONTROL

I5 The contaminated endoscope is emersed without physical cleaning nto a fresh
endoscopic cleaning solution bath made up as described above and allowed to soak for 5
minutes as described and then irrigated as described above.

ENUMERATION OF BACTERIAL COUNT

The spore count ts determined by taking a 50 ml sample from the cleaning bath

20 after endoscope removal and agitation of the bath. 1 ml of the sample is diluted to 9 mli
with the nutrient broth and thus sample further diluted | in 10 and up to 1 in 100,000

I ml of the above diluted samples are plated in duplicate 1in nutrient agar. The plates are

allowed to sohidity and are incubated at 37°C for three days The number of colonies



20 Apparatus according to any one of clainms 7 to 19 wherein the w DH%T”"" AN
menber has a hollow core. 21. Apparatus according to any one of clai Lto2 N
19 wherein the w ping nenber has a solid core. 5 22. Apparatus according to
any one of clainms 7 to 21 wherein the w ping nenber includes a series of

W ping elements graded in dianmeter. 23. Apparatus according to any one of
claims 7 to 22 wherein the wiping nenbet4includes at | east one partially
circunferential wiping element and a fully circunferential trailing w ping

el ement. 1Qer24herAlpanadddsioALIC SirflpBgaridrthanyloaneowfts brdieied w [b@,,2or h@eei n

the wi ping menber is of equal or greater dianetric dinmension than the bore

of the lungp hut is sufficiently resilient at its periphery to distribute

remai ni ng contamination as a thin filmdistributed uniforny about the
interior gcircundference the | unmen 25 Apparafuq accordi ng ta any e of

clains 7 to 24 wngrei n tthe wi pi ngreRMSURES ~ 5 cohposed @fp@egon- abspr bent
material .| 26. Apparatus laccording to any one of clains 7 to 25 whereijn the

W pi ng ne ;s conposed, of, an_el.ast.o ic rial. 27. ar at us
accor di lng?’;%{th?rlly_ one 01;{ éﬁOaPlgﬁglczzflgarﬁ%gﬁtrj?f%ge%aﬁlﬁc j_udi ntg a%g’ unded ]gnldl _
pr oxi ma e i ng_nmenber . . par at ys ,accorfding to any one o ai ns
7 to 27 Q?ee(}qérfgtoﬁg”shaf tJOiS§C%HI§?H'5’rA$6m§H18%?Hb wi pi ng menbér’”i s noul dgd
onto the |sHe¥ngobrughibl el 29. Apparatus accordi ng top any one of clainms| 7 to
28 wher ei[ sardapparatus s dirsposabte: 1 ~ =i vit=3—=s 30 Appariat us

I

S
for use ijnUsd damibiegiracts oritiate pall derohgnermefitedntiendpscope, da3d appar af us
bei ng noull dfddgfr om pol yrreric materials and conprising a fully
ci r cunf erleptiat—w-pingrenber attachedto-—a—cable—andadapted to-pass
axially through the lumen with a snmall clearance, whereby contam nation'
remai ning after 5 passage of the nmenber through the lunmen is substantially
uni form y TIME MAERT G BeuiCH MelH SPE@RECIOGNTIheTHtmehaNGE @F £HIGH TOI m 31. A
met hod for manufacture of an endoscope cl eani ng apparatus as defined in any
one of ¢lainge7 to 29 conprising the step of noul ding a w pi ng nenber
conprising one or nore radially directed fins in situ on a polyneric
el ongat ed—shaft—er—ecable—32—A—rethoed—acecordirg—to—ctatm-3t—wheretrr—e
pol ymericf shaft or cabhe&iPISE nyl on or pollypropyl eneTIMEIAKENet hod accof di ng
to claimBl or claim32 wherein the wipiing nenber s noulded onto the |
shaft. 34| céwpgthod according to claim33 wherein thegwhiiefgd nmenber is
injection_15 nmoulded onto the shaft. 35| A nethod according to claim 3{,
wherei n the. w pi mgp,b@ nd shaft incljude conple ngageabl e
t hr eads. g%lwﬁrtre%o ’““aclrél(s)l?di ng to claim31, wher erﬁﬂﬁaéxt\?\n@mng nmenber|is
press for ,lg]bg@%]% I shaft. 20 37 A metihod accor di ng to any one of clains
31 to 35 Sr&Herhe vbf-lp ng nenber is myul ded fromtwo Of nore conponepts.
38. A nethod according to any one of clains 31 to 36 wherein the w plng
menber

As will be understood by those skilled in the art based on the teaching hereof the |
invention may be embodied 1n other forms and may utilise other materials without

departing from the concepts herein described.



is fused to the shaft. i~ ~~~"s ;" "t"13 19 3~. A kit including

appar atus according to any one of clains 7 to 30, and an enzyne cl ea‘nh NEr e onm
conposition, said being selected to provide a predeterm ned residue B e
t hi ckness on the inside of the lunmen of an endoscope and said cl eaning
conposition being selected to provide di gesti on of the residue within a

predet ermi ned ti ne. ‘
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disposing of the wiping member after use in cleaning one endoscope.
20 7.  Apparatus for use in a method according to any one of claims 1 to 6, said
apparatus comprising a wiping member adapted to pass axially through the lumen so
that contamination remaining after passage of the member through the lumen is

substantially uniformly distributed about the interior circumference of the lumen as a

thin fiim.
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includes at least one radially extending fin as a wiping element.

14.  Apparatus according to any one of claims 7 to 13 wherein the wiping member
includes a plurality of radially extending fins as wiping elements.
15 15. Apparatus according to any one of claims 7 to 14 wherein the wiping member
includes a disk shaped wiping element.
16.  Apparatus according to any one of claims 7 to 14, wherein the wiping member
includes a cylindrical wiping element.
17. Apparatus according to any one of claims 7 to 14, wherein the wiping member
20  includes a spherical wiping element.
18. Apparatus according to any one of claims 7 to 14, wherein the wiping member
includes a spiral wiping element.

19.  Apparatus according to any one of claims 7 to 14 wherein the wiping member

includes a conical or frustoconical wiping element.
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includes at least one partially circumferential wiping element and a fully
circumferential trailing wiping element.

10 24. Apparatus according to any one of claims 7 to 23 wherein the wiping member is
of equal or greater diametric dimension than the bore of the lumen but is sufficiently
resilient at its periphery to distribute remaining contamination as a thin film
distril'auted uniformly about the interior circumference of the lumen.

25. Apparatus according to any one of claims 7 to 24 wherein the wiping member is

15  composed of a non-absorbent material.

26. Apparatus according to any one of claims 7 to 25 wherein the wiping member is
composed of an elastomeric material.

27. Apparatus according to any one of claims 7 to 26 further including a rounded
end proximal the wiping member.

20 28. Apparatus according to any one of claims 7 to 27 wherein the shaft is polymeric
and the wiping member is moulded onto the shaft or cable.

29. Apparatus according to any one of claims 7 to 28 wherein said apparatus is

disposable.
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circumferential wiping member attached to a cable and adapted to pass axially

through the lumen with a small clearance, whereby contamination remaining after

5  passage of the member through the lumen is substantially uniformly distributed about

the interior of the lumen as a thin film.

31. A method for manufacture of an endoscope cleaning apparatus as defined in any

one of claims 7 to 29 comprising the step of moulding a wiping member comprising

one or more radially directed fins in situ on a polymeric elongated shaft or cable.

10 32. A method according to claim 31 wherein the polymeric shaft or cable is nylon or

polypropylene.

33. A method according to claim 31 or claim 32 wherein the wiping member is

moulded onto the shaft.

34. A method according to claim 33 wherein the wiping member is injection

15 moulded onto the shaft.

-

complementary engageable threads.

35. A method according to claim 31, wherein the wiping member and shaft include

36. A method according to claim 31, wherein the wiping member is press formed

onto the shaft.

20 37 A method according to any one of claims 31 to 35 wherein the wiping member

is moulded from two or more components.

38. A method according to any one of claims 31 to 36 wherein the wiping member

1s fused to the shaft.
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