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METHOD OF DETECTING CONNECTION
OF TEST PORT ON AN ENDOSCOPE

BACKGROUND OF THE INVENTION

The peesent invention relates Lo the decontamination ang including the
sterilization ans. It finds particular application in conjunction with the decontamination
of medical devices, especinlly medical devices such as endoscopes and other devices
having channels or lumens that must be decontaminated after use.

Endoscopes and similar medical devices having channels or lumens formed
therethrough are being used on an ever increasing busix in the performance of medical
procedures. The popularity of these devices has led to calls for improvements in the
decontamination of these devices between use, both in terms of the speed of the
decontamination and the effectiveness of the docontamination.

One popular method for cleaning and disinfection or sterilization of such
endoscopes employs an automated endoacope reprocessor which both washes and then
disinfecis or sierilizes the endoscope. Typleally such a unit comprises a basin with a
selectively opened and closed cover member (o provide access o the basin. Pumps
conncet to various channcls through the cndoscope to flow fluid therethrough and an
additional pump flows flnid over the exterior surfaces of the endoscope. Typically, a
detcrgent washing cycle is followed by rinsing and then a sterilization or disinfection
cycle and rinse. Most flexible endoacopes have a flexible sheath, such as polyurcthane,
which cover its bundles of wires, conduits and fiber optics. It is not desirable to
porform a cleaning procedure on the crddascope if its sheath is compromised. Testing
for such involves pressurizing the sheath and measuring pressure decay. Such testing
might not identify a failed connection at the test port.
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A method, according to the presant invention, during a cleaning procedure of
detects proper connection of a test connection to an endoscope port, ssid port leading 10
an intcrior space beneath a sheath on the endoscope. The methad comprises the steps
of: a) pressurizing an air buffer, which is connected to the endascope port (10 a
predetcrmined pressurc in exoess of a pressure in the interior space; b) isolating the air
buffvr from lho test connection with an isolation valve; c) opening the isolation valve
and measuring the pressure of the air buffer; and d) if the pressure in the air buffer has
nat decreused by a predetermined amount, dctermining that the test connection is not
properly connected to the endoscope part.

SUMMARY OF THE INVENTION

Preferably, the volume of the sir buffer is berween 10% 10 300% of the volume
of the interior space, more preferably it is between 50% 10 200% and most preferably
about equal to or between 80% 0 120% of the volume of the interior space.

In anc aspeet of the invention, the air buffer has a fixed volume. Alicrnatively,
it can be variable so that the valume in the air buffer can more closely match the
valume in the interior spuce.

Preferably, the predetermined amount in step d) is between 9% o 91% of the
predetermined pressure, and more proferably between 25% to 75%.

The user can be informed that the test connection is not properly coanected to
the port.

Preferably, afier step d) a leak test is performed on the intcrior spece by
measuring pressure degradation therein over time.

The air buffer can be pressurized while it is in fluid communication with the

interior space and then prior to step ¢) veating pressurc through a vent located between
the isolation valve and the test connection. Preferably, after this the interior space is

-

Cosv Diovided by USPTO from tha IFW Basao Datahase on OMF7/2008
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repressurized to between to a pressure over 240 mbar and then a leak test is performed M
on the interior space by moasuring pressure degradation therein over time.

Siep b) can oceur prior (0 step a).

In one aspert of the invention, a modcl desigaation of the endoscopce is entered
into a control systsm and wherein that information is verified by comparing the
pressure in the air buffer during step d) with a known pressure expected (or such model
designation.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may take farm in various componants and arrangements of
components and in various steps and amangements of stops. The drawings are for
purposes of illustrating preferred embodiments only, and arc not to be construed as
limiting the invention.

FIQ. 1 is a front elevational view of o decontamination apparatus in accordance
with the present invention;

FIQ. 2 is a diagramumalic illustration of ths decontaminution apparutus shown in
FIG. L, with only a single decontamination basin shown for clarity; and,

FIG. 3 is a cut-away view of an endoscope suitable for processing in the
decomaminstion apparatus of FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 1 shows a decontaminstion apparatus for decontaminating endoscopes and
othcr medical devices which include channcls o¢ lumens formed therethrough; FIG. 2
shows the upparatus in block diagram form. The decontamination upparatus generally

-&-
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includes a first siation 10 and a second station 12 which are at lcast substantially similar
in all respects to provide for the decenlamination of two different medical davices
simulianeously or in serics. First and second decontamination basins 14a, 14b receive
the conteminated devices, Each basin 14a, 14b ig selectively sealed by a lid 16a, 16b,
respectively, preferably in a microbe-blocking relationship (o prevent the cntvance of
eavironmental microbes into the basins 14a, 14b during decontamination operations.
The lids can include a microbe removal or HEPA air filter formed therein for venting.

A control system 20 includcs one ar more microcontrollers, such as a
programmable logic controller (PLC). for controlling decontamination and user
interface operations. Although one control system 20 is shown herein a2 controlling
both decontamination stations 10, 12, those skilled in the art will recognizc that each
station 10, 12 can include a dedicated control system. A visual display 22 displays
decontamination parameters and machine conditions for an operator and at least one
printer 24 prints a hard copy output of the decontamination parameters for a record to
be filed or attached to the decontaminated device or its storage packaging. The visual
display 22 is proferably combined with » touch screen input device. Aliermatively, a
keypad or the liko is provided for input of dccontaminalion process parameters and for
machine control. Other visual gauges 26 such as pressure meters and the like provide
digital or analog output of decontamination or medical device leak testing data.

FIG. 2 diagrammatically illustrates ono station 10 of the dccontamination
apparatug. Thase skilled in the art will recognize that the decontamination station 12 is
preferably similar in al! respects to the station 10 illustrated in FIG. 2. However, the
station 12 has not been shown in FIG. 2 for clarily. Further, the decontamination
apparatus can be provided with a single decontamination station or multipic stations.

The decontamination basin 14a receives an endoscope 200 (see FIG. 3) or other
medical device therein for decontamination. Any intcrmsl channels of the cndoscope
200 are connected with flush lines 30, Each flush line 30 is connected 1o an outlet of a
pump 32. The pumps 32 are prefermbly peristallic pumps or the like that pump fivid,
such as liquid and air, through the flush lines 30 and any intemnal channels of the
medical device. Specifically, the pumps 32 efthcr can draw liquid from the basin 14a

.}-ﬂ
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thruugh a filtered drain 34 and a first valve S1, or can draw decontaminated air from an
air supply system 36 through a valve S2. The air supply system 36 includes a pump 38
and a microbe removal air filter 40 that filiers microbes from an incoming air stream. It
is prefcrable that each flush line 30 be provided with a dedicaled pump 32 1o ensure
adequatc fluid pressure and 1o facilitate the individual monioring of the fluid pressurc
in each flush line 30. A pressure switch or sensor 42 is in fluid communication with
cach flush line 30 for sensing cxcessive pressure in the flush line. Any excessive
pressure sensed is indicative of a partial or complete blockage, e.g., by bodily tissue or
dried bodily fluids, in a device channel to which the relevant flugh line 30 is connected.
The isolation of éach flush line 30 relative to the others allows the particular blocked
channel to be easily identified and isolated, depending upon which sensor 42 senscs
XCEssive pressure,

The basin 14a ix in fluid communication with a waler source 50 such as a utilicy
or tap water connection including hot and cold inlets and » mixing valve 52 flowing
Into a break tank 56. A microbe removal filier 34, such as a 0.2 um or amaller absolute
pore size filter, decontaminates the incoming water which is deliverad into the break
tank 56 through the air gap to prevent backflow. A pressure type level sensor 59
monitors liquid levels within the basin 14a. An optional water heater 53 can be
provided if an appropriate source of hot water is not available.

The condition of the filter 54 can be monitored by directly monitoring the flow
ratc of water therethrough or indirectly by monitoring the basin fill lime using a float
swilch or the like. Whea the flow rate drops below a sclect threshold, this indicatcs a
partially clogged filter element that requires replacement.

A basin drain 62 drains liquid from the basia (4a through an cnlarged helical
tube 64 into which elongated portions of the cadoscope 200 can be inserted. The drain
62 is in fluid communication with a recirculation pump 70 and & drain pump 72. The
recirculation pump 70 recirculates liquid fram the hagin drain 62 10 a 3pray nozzle
assembly 60 which sprays the liquid into the basin 14a and onto the endoscope 200.
Coarsc and fine screens 71 and 73, respectively, filter out particles in the recirculating
fluid. The drain pump 72 pumps liquid from the busin drain 62 10 a utility druin 74. A

%
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level sensor 76 moaitors the flow of liquid from the pump 72 to the utility drain 74.
The pumps 70 and 72 can be simultaneously operated such that liquid is sprayed into
the basin 14a while it is being drained to encourage the flow of residue out of the hasin
and off of the device. Of course, a single pump and a valve assembly could replace the
duz! pumps 70, 72.

. An inline heaicr 80, with temperature sensors 82, downstream of the
recirculation pump 70 heats the liquid to optimum tempersaturca for cleaning and
dizinfection. A pressure swilch of scnsor 84 measures pressure downstream of the
circulation pump 70.

Dctergent solution 86 is metercd into the flow upstream of the circulation pump
70 via s metering pump 88. A float switch 90 indicatex the level of detergent available,
Typically, only a smail amount of disinfectant 92 is required. To more accurately
metcr this, a dispensing pump 94 fills a pre-chamber 96 under control of a hi/low level
switch 98 and of course the control system 20. A metering pump 100 meters & precise
quantity of disinfectant as needed.

Endoscopes and other reusable medical devioes often include a flexibls nuter
housing or sheath 102 surrounding the individual tubular members and the like that
form the interior channcls and other pans of the device. This housing 102 thus forms a
closed interior space 104, between it and the inlerior parts of the endoscope, which is
isolaged fromn patient tissues and flulds during medical procedures, It is important that
the sheath be maintained intact, without cuts or other holes that would allow
contaminants into the interior space 104. The interior space can also be compromised
by an internal lcak, such as through a cut in an endoscope lumen. Therefore, the
decontamination apparatus includes means for testing the integrity of such as sheath.

Aq air pump, either the pump 38 or another pump 110, pressurizes the intecior
space 104 through s conduit 112 and a valve S5 and a test connection 106, preferably a
flexible tube 108 connects 1o port 254 which leads to the interior space 104 (see FIG.
3). Thesa structures will be more fully described in the full description of FIG. 3 10
follow. Prcferably, a filter 113 removes particics from the prossurizing air. An

e
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averpessurs swiich 1 14 prevents accidenia over peeasurization of the shesth. Upon
ful] presserization, the vafve 55 is closed and i prexsurs sensor 116 looka for o drog in
pressuse in the apndinit 112 whick wonld indicse the excape aof uir trough the shenth.
A valve 56 seleciively veals ihe conufuit 112 and the shoath twough an optional Hlker
11B when the testing proceduce is complets, An air bulfier 120 smoothes out pulsation
of prassure from tha ait pump LLO.

The air huffer 120 can also be usad (o doemine wheilker the tast connection
106 s proparly mared willy the port 254, Ths wast oomection 108 Incorpocates a
normnally ¢losrd valva 108 which opens anly vpon proper cannection 1o Lhe: Mexible
wbe LOE, If the coemvexison is ni¢ male the aforementinned Jesk detcrminarion beat will
nol hy iwelf identify this failed conmectlos. The air buffer 120 wosld pressurie aml oo

- Jemkage would orour due 1w the clased valve i the test cooncetion 106, Similardy the

pant 234 incorporates 8 normally closed valve which opons ondy npon proper
connection [o the lube 168. When both thesa connoctions we not prepey]y made the
leak sest of the: interior space 104 may glve false repuits. Uncannectcsd stams can be
exdunimbtd by determining whether a volune ofher than e air buller 120 ix being
prossurized.

Firat the si buffer 120 and inledoc spare 104 ore presesrized 1o 4 pmdatermined
level, such as 250 mbar. Then vahwe S35 is closad, thus lsolating the alr bufTer 120 from
the mst connection LOG. Pressure is vasted through valve 56, which il the tast
sonncction TO6 Is properly atmched should be venting the imerior space 104, bot if not
proparly eitached this meraly vanis a portion of the cooduit 112, 'Valwa S6 is closed
and valvo 55 opcned to put the tost conncction 106 back nto flmid communicarion with
the akr bulffer 120. Afvw the pressuce seatles, i 18 measured. B shewld have dropped to
a measucable degres theongh the acron of air in the &ir buffer 120 filling the intcrior
space 104. T howewver, h drops by a2 small ambunt thal indicawss that #ir is not flowkng
intr the imiarior apace 104 bue is teapped by the valve i the test comnaction 106, Propor
pressiecs can he easily determined baged upan the wolurme of tee air buffer 120 and
interioc space 104, To accommodals mast commeraial endotcopes 1be air buffer 12
should have & volume of between about 20 ml (which is dum 10 of senall
endoscnps) Lo aboul 1000 mi {which it abxot H0% of 1arge endascope). Ideally e

o
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volume akonld be berwean abour 50% and 200% of the volume of the eadoscope and
mosd ideslly it would spproximaic the volune of the endoscope inerioe space 104,
Oiven the varbility in enduscope volumes, the valuwe of the nic baffer can bs
adjustahle, mch as by providing mulipls air boffers 120 snd contral valves for sach
oma, Oiven the sliring pressom of 250 mbar, 2 propsr conmection should typically
rcsult in a Deal peesdurs below 190 mbhar, Proper pressure for & partieular endoscopc
can be calcubned based wpona the velumes of the air uffer 120w endoscopa intecioc

space 104. The imerconnection piping should be kept to a minlmal velume to enhance
tha eccierary. '

An altcmative method to check the pooper conpaction ol de: sest cansection 106
is i elose valve 85 while pressurizing tho air baffer 120, Lot the pressure ssttle, and
thes open valve 33, Accumte pressurizaion of the air bulfer 120 would requiss 2
puessame sersar (not xkown) af the gir buffer 120 5o locaied as to not ba blooked by
closure of valve 55, Fressure la then checked, IF dhe peassnre has ot dropped
sulficisauly it indicates dwmt air ic oot (lowing o the interiec space 104, buc is instead
being, blocked a the test connection L06 by the vahve 108,

Preferably, sach station 10 and 12 each comtain & crip hasln 130 and sl sexssor
132 to slan the oparulor 1o polential beakes.

Anm gloohp] supply 134 cootralled by a valve 53 ean sapply alcobol ta the
channel pumps 32 sfier rinsing Seps th axaixt in cemoving water from rhe cndoscope
cheanels.

Flow mates in b supply lines 30 can be manitoned via the channel pumgs 32
nnd the pressure seneors 42, The chennels pumps 32 we penistaltic pamps which
sapply a constant flpw. 1f one of the pressuce sensars 42 dedects too high 2 poctsurs tha
assncisted paavp 32 cycles off. The flow rate of the purnp X2 mmd it pewcentape o0
time provide / rcasooable indicstion of the flow ruwe in an associated iine 30, These
Fiow raies are monitored dering the peocess 1o check Far blockages n sy of the
swdoscope channels. Alternatively, the decry in tha preysore foam the time the pump

B
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32 cycles off £an nlso be psed 10 estissals the Bow e, with Faser decay ratcs being
mssnciated with higher flow ratcs,

A mane sccurais meayyrement of flow ras in un individual chunne]l may be
rlesiralle so dotect more sobile blockages. A metering tube 134 having a plurality of
level isdicaring sensors 138 flukdly comects o Lhe inputs of the channe] pumps 32,
One prefemed sensor amangememt provides a refarence coamection at a low point in the
mietering whe and 2 plunddity of sessars 138 srranged vonlcally thereabove. By pessing
A cuTrent from e relerenae point through the fluid w the ensors 138 i can be
determined which sensora 138 am onmersed and ihenefore determsine the level within
the metering Wwhea 136, Othear lewed sensing sechninues can be applied here. By shutting
walve 51 and opcning & vent valve 57 ibe channel pumps 32 draw axclusively from the
meterlng luba The amount of fluid being deawn can be very accurate|y dofcrmibeed
heasd upon the sensors 138, By runaims euch channc} pumop o isolatios the: fow
themetlirough cun he accurately determined based upon the tana and the volmme of fluwid
smpiicd from the metering tuba

n eddition to the Input and oLtput devicea described shove, all of the cicciricnl
and slectronsechanical deviam shown ace operatively connected ko and comtrolled by
Lhe vontrol sysiem 20. Specifically, and without limitation, the switchae and aensars
43 50 75, 84,50, 98, L14, 116, 132 sud 138 provide npat L to the miciocoatroller 28
which conirols the decnniamisation and other machine operaiiond in actondieies
thergwltl. For axample, ihe micnscontooller 28 includes ontpuis © that are opemtively
ponnected o the pummps 32, 34, 70, T2, 88, 94, (00, [10, the volves S1-87, and the
haater 80 to coarrol these devices for effactiws decontaotination apd other opemttons.

Turaing alea io FIG. 1, an endiicope 200 has a head pact Y2, In which
opcnings 204 and 206 are forned, and in which , during norma] wse of the endoscops
200, an airfwatar valve asd & suction vatve e smanged. A flexible losertion tube 208
la.attached to the haad part 202, in which tubs 2 combined ald'water ghanned 200 and a
comiingd suctioabiopsy chenncl 212 are reccwnnodated.
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A sapuralc air channel 2173 and water channel 214, which at the tocation of 3
joining point 2 16 merge into the ain'warer channed 210, s amanged in the hend part
202. Furthetmore, u sepurmie suction channc] 217 and blopsy channel 213, which a1 tha
Jocatica of the Joining poim 220 merge irso the suctioeAiopsy chanasl 212, arc
eocommodated in the head part 202,

i the hzad part 202, the alr channed 219 and the weser chinnel 214 open ino
the opening 204 fowr the ainfwater valve. Tha suction channel 217 opons Inta the
opening 206 for the suction valve. Furthenowwe, a faxible fzed bow: 222 cunneals 1a
s hoadd pust 202 mnd sccoommodutes ahannels 213°, 214" and 217" which vis the
openings 204 and 2006, are connseted to the air chanosl 218, the watar channel 214 and
tha sucllon channel 217, respedtively. Tn practlos, the feed hose 222 is also caferred tn
a8 the light-coadnctor casing.

The mumally connceting chanaels 213 and 21, 214 and 2147, 217 and 217 will
be refemed to helowr oversll &5 the siv ghammal 213, the waler chana] 2 14 and the
gnctlon channel 217,

A connection X236 for fho alr chennel 213, connecticos 228 and 278 for the
wilds channal 214 and a connection 230 for the suction channel 217 are mranged on the
end section 224 (also rcfenmd to es the light conductor coonector) of the flexible hose
222. Whan the connection 226 is in wsc, connection 228a is clused off A coausection
232 for the biopsy channel 214 Is amanged oo tha head pat 202

A channel separator 240 1s shown insaried inlo the opaninge 204 and 208, It
comprises & body 242, sod plng members 244 and 248 which occhule respectively
openingd 204 and 208, A coxxial Insect 248 vn 1 plug member 244 oxtonds lewardly
of the opening 20 and teominates in an anmiar Aznge 230 which necludes a portion of
Lhe Opéning 204 to soparate chamnal 213 from chanmel 214, Dy connocting tha Haes 30
to the opanings 224, 228, 728a, 230 and 232, liquid for elcaning and disinfection can be
MNowed thugh the endoscope channels 213, 214, 217 and 213 amd owe of o distal tp
252 of the endoscops 200 vim channels 210 and 212, The channck soparator 240
cnsoms i such liquid [ows all the way through the endutcopa 200 witheur lealdiog

THL-
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out of openings 204 and 206 and isolates channels 213 and 214 from each other 5o that
cach has its own independent flow path. One of skill in the art will appreciate that
various cndoscopes having differing asrangements of channels and openings wil) likely
require modifications in tha channel separator 240 10 accommodate such differences
whilc occluding ports in the head 202 and kceping channels separated from cach other
80 that each channcl can be flushed indepondently of the other channels. Otherwise a
blockage in one channel might mercly redirect flow 1o a connected unblocked channel.

The leakage port 254 on the end section 224 leads into the interior portion space
104 of the endoscope 200 and is used to check for the physical intcgrity thereof, namely
to ensurc that no Icakage has formed between any of the channels and the interior 256
or from the exterior to the interior 256.

The cleaning and sierilization cycle in detail comprises the following steps.

Step 1. Open the Lid

Pressing a foot pedal (not shown) opens the basin lid 16a, Thero Is a separate foot
podal for each side. If pressure is removed from the foot pedal, the lid motion

SOps.

The insertion tube 208 of the endoscope 200 Is inserved into the helical circulation
twbe 64. The end section 224 and bead section 202 of the endoscope 200 are
situated within the basin 148, with the feed hosc 222 coiled within the basin 14a
with a3 wide a dismeler as possible.

The flush lines 30, preferably color-coded, are attached, one apiece, to the
endoscopc openings 226, 228, 228a, 230 and 232, The air linc 112 is also
connected [0 the connector 254. A guide located on the on the station 10 provides a
reference for the color-coded connections.

Y
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Depending on the cusromer-seleciable confignration, the control systam 20 may
prompt for nscr code, pationt ID, endoscope code, andior specialist sade. This
mlormuizn may ba vatersd manuslly (twough the rouch E:mu:) or aunmaically
stch as by ming an attached barcode wand (nol shown).

Step 3. Klenlily tiw mive, codestope, and specialis fo the Systin

Stsp 4, Close the bazin liq
Closing she Nid 16a preferably requircs the nsor to press & ardwarma button andd a
touch-scpeen 22 button simulianeously (nat shown) to provides a fail-safc
mechanlam for preventing the wser”s hends from being eanghe or pinohad by the
clasing busin lid 164. If sither tes hardware burton or softwan: befton is relcased
while the lid kGa 13 In the process of closing the maollon stops.

Shep S Start Program

The vser presscs a bonch-screen 22 bullon 10 begin (he washing / disinfeclina
process,

Htem & Prostsurize the endgscops hady and Mrasure the Ieak Rats

The: air pomp is xiarted 2ed préssure within the cnidosoope body i3 monltoread.

When pregture reacliea 230 mber, the purog is etoppsd, and the pressure is ullowed
to siabilize for & seconds. If pressuce has nok reached 290 mbar 1ty 45 seconds the
program 3 siopped and the user 1s notitted af the lagk, If pressnme drops to leis than
100 mbar doring the 6-sscond scabilization period, the progrisn is stopped and the
tamer 18 notifeed of the condltlon.

Once the pressore has stabilized, valve SS ia clased and valva 56 opened to vent
peessune from the Interlor space 104 beneath the sheuth 102, Valve 556 is cloued und
595 opened.  Pressure is allowed tn stabilize far ane oo alx seconds el the sew
preature 13 ehecked, If It |s groator than 190 mbar, it I8 determised chas the tost
cannection 106 & nat coomecied propecly or at all ta the port 254. The cyclais
siapped and the user notiiled of the conditioa. Assuming proper connection,
Prcssuns is then monitgred over the eaurie of 60 sceopds. I preasune drops more

12
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than 10 mbar within 60 seconds, the program is stopped and the user is notified of
the condition. If the pressure drop s less than 10 mbar in 60 seconds, the system
conlinues with the next step. A slight positive pressure is held within the
endoscope body during the rest of the process to prevent fluids from leaking in.

ep 7 eck C

A second leak test checks the adequacy of eonnection to the various porns 226, 228,
2284, 230, 232 and the proper placcment of the channel separator 240. A quantity
of water is admitted to the basin 142 30 as t0 submerpe the distal ead of the
endozscopc in the helical tube 64. Valve S1 is closed and valve 87 opened and the
pumps 32 are run in reverse to draw a vacvum and to ultimately draw liquid into the
endoscope channels 210 anil 212. The pressure scnsors 42 are monitored t0 make
surc that the pressure in any ona channel does not drop by maore than s
predetcrmined umount in a givea time frame. If It does, it likely indicates that one
of the conncctions was not maeds correctly and air is leaking into tho channel. In
any cvenl, in the presence of an unacceptable pressure drop the contrul system 20
will cancel the eyele an indicate a likely faulty connection, preferably with an
indication of which channel failed.

PRE-RINSE

The purpose of this step is to flush water through the chaancls 1o remove waste
material prior W washing and disinfecting the endoscope 200.

Step 8. K11l basin
The basin 14a is filled with filiered walcr and the water lovel is detected by the
pressure sensor 59 below the hasin 14a,

Step 9. Pump water through channels

The water is pumped via the pumps 32 through the interior of the channels 213,
214,217, 218, 210 and 212 directly to the drain 74. This water is not recirculated
around the exterior surfaces of the endoscope 200 during this stage.

3
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Ax the water is being pumped through the channels, the drain pump 72 is activated
to ensure that the basin 14a is also empticd. The drain pump 72 will be tuned oftf
when the drain switch 76 detocts that the drain process is complete.

Step 11. Blow air through chapnels

During the drain process sterilc air Is blown via the air pump 38 through all
endascope channels simultancously to minimize potential carryover.,

WASH

Step 12, Fill bagin

The basin 142 is filled with warm water (35 °C ). Water temperature Is controlled
by controlling the mix of heated and unheated water. The water level is detected by
the pressure scnsor 59,

sten 13, Add detergent

The systcm adds enzymatic detergent 1o the water circulating in the system by
means of the peristaltic metering pump 88. The volume is controlled by controlling
the delivery time, pump speed, and inner diameter of the peristaltic pump ubing.

Step 14, Clrcuiate wash golutionp

The detergent solution is actively pumped throughout the intemnal channels and over
the surface of the endoscope 200 for a predetenmined time period, typically of fram
onc to five minutes, preferably about three minutes, by the channel pumps 32 and
the extemal circulation pump 70. The inline beater 80 keeps the temperature at
about 35 *C,

Siep 1S. Start block fest

After the detergent solution has heen circulating for a couple of minutes, the flow
rate through the channols is measured. If the flow rate through any channcl is less
than a predetermined rate far that channel, the channel is identified as blocked, the

- 44
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program ix stopped, and the user is notified of the condition. The peristaltic pumps
32 are run at their predetcrmined flow rates and cycle off in the presence of
unaccepiably high pressurc readings at the axsociated prossure sensor 42, If a
channe| is blocked the predetcrmined flow rate will trigger the pressure sensar 42
indicating the inability 0 adequatcly pass this flow rate. As the pumps 32 arc
peristaltic, their operating flow rate combined with the percentage of time they are
cycled off due (o pressure will provide the actual flow rate. The flow rate can also
be estimated based upon the decay of the pressure from the time the pump 32 eycles
off.

Step 16, Drain

The drain pump 72 is activaicd to remove the detergent solution from the basin 14a
and the channels. The drain pump 72 turns off whea the dmin level sensor 76
indicates that druinage is complcte.

Step 17. Bloy air

During the drain process stesile air is blown through all endascope channcls
simultaneously 1o minimize poteatial carryover.

RINSE

§tep 18, Flll basia

The basin 14 is filled with warm watcr (33 *C). Water temperature Is controlled
by controlling the mix of hested and unheated water. The waler level is detected by

the pressure sensor 59.

Step 19, Ringe

The rinsc water is circulated within the endoscope channels (via the channel pumps
n)aMomdlecxtcﬂornflheendmopezw(viadncimllalionpumpmund the
sprinkler arm 60) for 1 minute.

*




As rinse waler is pumped through the channels, the flow rate through the channels
is moasured and if it falls below the predetermined rate for any given channel, the

channel is identificd as blockcd, the program is stopped, and the vser is notified of
5 the condition.

The drain pump is sctivated 1o remove the rinse water from the basin and the
channels.

Sizp 22 Blow alr
10 During the drain process sterile air is blown through all eadoscope channels
simulizncously to minimize potential carryover.

Step 23. Repeat rinse

Steps 18 through 22 are repeated to ensurc maximum rinsing of enzymstic
deterpent solution from the surfaces of the endoscope and the basin.

15 DISINFECT

Stap 24, ¥ basin

The basin 14a is filled with very warm water (53 °C), Water temperature is
controlled by controlling the mix of heatcd and unheated water. The water level is
detecied by the pressure seasor 59. During the filling process, the chansel pumps

20 32 are off in ordes to ensure thas the disinfectant in the basin is at the in-use
concentration prior to circulating through the channcls.

Step 25. Add distufectant

A measured volume of disinfectant 92, preferably CIDEX OPA orthophalaldehyde
concentrate solution, available from Advanced Sterilization Products division

25 Ethicon, Inc., Irvine, CA, is drawn from the disinfectant metering tube 96 and
delivered into the water In the basin 144 via the metering pump 100. The

S
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diginfectant volume is controlled by the positioning of the fill sensor 98 relative to
the bottom of the dis?anslng tube. The metering tube 96 is filled until the upper
level swilch detects liquid. Disinfectant 92 is drawn from the metering tube 96
unii} the level of the disinfectant in the metering tube is just below the Lip of the
dispensing tube. Afierthe necessary volums is dispensed, the metering tube 96 is
refilled from the bottle of disinfeciant 92. Disinfectant is not added until the basin
is filled, so that in case of a water supply problem, concentrated disinfectant is not
left on the endoscope with no watcr to rinse it. Whilc the disinfoctant is being
added, the channel pumps 32 are off in order to insure that the disinfectant in the
basin is at ¢the in-use concentration prior lo circulating through the channels.

Step 26, Disinfegt

The in-use disinfeciant solution is actively pumped throughout the intemal channcls
and over the surface of the eadoscope, ideally for 8 minimum of 5 minutes, by the
channel pumps and the extcmal circulation pump. The tempcerature is controlled by
the in-tine heator 80 to about 52.5 *C.

Step 27, Flgw check

During the disinfection process, flow thmagh each endoscope channel is verified by
timing tho delivering a measured quantity of solution through the channel. Valve
S1 is shut, and valve S7 opened, and in um each ¢haancl pump 32 delivers a
predetermined volume 10 its associated channel from the metering tube 136. This
volume and the time it takes to deliver provides a very accurate flow rate through
the channs). Anomalies in the flow rate from what is cxpected for a channel of that
dianmandlm;mmnagpdbythcmolsyswmmmdmepmmpped.

te on B T

As disinfectant in-use solution is pumped through the channels, the flow rate
through the channels is also measured as in Stcp 13.
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The drain pump 72 is activated to remove the disinfectant solution from the basin
snd the channels.

Step 30 Blow alr

During the drain process sterile air is blown through all endoscope channels
simultaneously to minimize potential carryover.

FINAL RINSE

Step 31, Fiii basig

The basin is filled with sterile warm watcr (45 °C ) that bus been passed through a
0.2 p filter.

Step 32. Rinse
The rinse water i3 circulated within the endoscope channels (via the channe! pumps

32) and over the exterior of thc endoscope (via the circulation pump 70 and the
sprinkler wm 60) for 1 minute.

Sten 33, Contiyne Block test

As rinse water is pumped through the channcls. the flow rate through the channels
is measured s in Step 15,

Step 3. Drain

The drain pump 72 is activated 10 remove the rinse water from the basin and the
channcls.

Step 35, Blow ajr

During the drain process sterile air is blown through all endoscope channels
simulaneously to minimize potential carryover.

~Eoow brovidad bv LEPTLE trars tha (FW lmtss fninhans an GAZT000



Step 36, Repeat rinse

Steps 31 through 35 arc repeated (wo more times (a total of 3 post-disinfection
rinses) 10 ensturc maximum reduction of disinfeciant residuals from the cndoscope
200 and surfaces aof the reprocessar.

S FINAL LEAK TEST

The successful completion of the program is indicated on the touch screch.

10 Step 39, De-pressurize the endoscope

From the time of program completion to the time at which the lid is openecd,
pressure within the endoscope body is normalired to atmospheric pressure by
opening the vent valve 85 for 10 secands every minute.

Sten 40. Identify the user

15 Depending on customer-selected configuratian, the system will prevent the lid from
being opened until a valid user identification code is cntered.

41, & i 0

Informatian about ths completed program, intluding the user ID, endoscope ID,
specialist ID, and patient ID are stored along with the sensor data obtained
20 throughout the program.
Sten 42 Print program record

If a printer is connected to the systom, and if requested by the uscr, a record of the
disinfection program will be printed.

~ Gaov Drovidad bv UBPTO Gram The IFW inaas Nraliana an G875 9008
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Step 43, Remove the epdoscape

Once a valid user identification code has been entercd, the lid may be opened (using
the foot pedal as in step 1, above). The endoscope s then disconnected from the
flush lines 30 and removed from the basin 14a. The lid can then be closed using
both the hardwarc and sofiware buttons as described in step 4, abovo.

'The invention has been deseribed with reference to the preferrod embodiments.
Obviously, modifications and alterations will occur to others upon reading and
understanding the preceding detailed description. It is intended that the invention be
construed as including all such modifications and alterations insofar as they come
within the scope of the appended claims or the equivalents thereof.
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NOYEDAD DE LA INVENCIO

IN CIONES

1.- Un meétodo durante un procedimiento de limpieza para
detectar la conexién adecuada de una conexidon de prueba e un puerto de
endoscopio, conduciendo dicho puerto a un espacio interior debajo de una
funda en ef endoscopio, caracterizado porque el método comprende los pasos
de: a) presurizar un amortiguador de aire, el cual esta conectado al puerto del
endoscopio hasta una presiéon previamente detemminada en exceso de una
presion en el espacio interior: b) alslar el amortiguador de aira de la conexion
de prueba con una vaivula de aiglamiento; ¢) abrir la valvula de aislamiento y
medir 1a presion del amortiguador de aire; d) si |a presién en el amostiguador
de aire no ha disminuido en una cantidad previamente determinada,
determinar que |la conexiéon de prueba no estd conectada en forma adecuada
al puerto del andoscopio.

2~ E|l método de conformidad con la Reivindicacion 1,
caracterizado ademas porque el volumen del amortiguador de aire se
encuentra entre el 10% hasta el 300% dei volumen de! espacio interior.

3- El mitodo de conformidad con la Reivindicacidn 1,
caracterizado ademds porque el volumen del amortiguador de aire se

encuentra entre el 50% hasta el 200% del volumen da! espacio interior.
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4.- El método de conformidad con la Reivindicacion 1,
caracterizado ademds porque el volumen del amorliguador de aire se
encuentra entre el 80% hasta el 120% del volumen del espacio interior.

5.~ El método de conformidad con la Relvindicacién 1,
caracierizado ademas porque el amortiguador de aire tiene un volumen fijo.

6.- EIl método de conformidad con la Reivindicacién 1,
caracterizado ademas porque la cantidad previamente determinada en el paso
d) se encventra entre el 9% hasta el 91% de la presién previamente
determinada.

7.- EI método de conformidad con la Reivindicacién 86,
caracterizado ademés porque la cantidad previaments determinada en el paso
d) se encuentra entra el 25% hasta el 75% de la presion previamente
detarminada.

8.- El método de conformidad con I8 Relvindicacion 1,
caracterizado ademas porque comprende adicionalmente el paso de informar
a un usuario de la determinacién de que la conexion de prueba no esta
conectada en forma adecuada al puerto.

9.- El método de conformidad con la Raivindicacién 1,
caracterizado ademés porque comprende adicionaimenta presurizar el
amortiguador de aire mientras que estd en comunicacién de fiuido con el
espacio interior y posteriormente, antes del paso ¢) descargar la presién a
través de un conducto de ventilacion localizado entre 1a valvula de aislamiento

y ia conexién de prueba.

# ¥
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10.- El .método de conformided con |l Reivindicseldn 9,
caracterizado adamas porque comprende adidonalmente después del pasg d)
presurizar nuavamanta el aapacio inlexior hasla una presidn schra los 240
mbar y postetiormente realizar una pruebe de fuga an &l espacl Intedor
midisndo la degradacidn de presidn en el mismo durants o tismpo.

11.- El método de conformidad con la Reivindicacidn 1,
caracterizado ademiia pomue despuéa del peao d) se realiza una prueba de
fuga en & espacio interior midiendo la degradacién de presion en &l mismo
can al tranecureo del Hempo.

12- El método de conformidad con la Redvindicaciin 1,
caracterizade ademAds porque o] paso b) acurrs antas dal paso a).

13- El metodo de conformidad con la Relvdndlcecidén 1,
caracterizado ademéds porque un modelo de diseno del endoscopio es
ingresadio en un sistema de comlrol y ah donde esa informacion es verlficada
comparando la preakén en el amartigmedor de slre durente el pass d) con una
presidn conoalkda esperada para diche modelo de diseiin.

14~ El métode da confomidad con ke Relvindicacion 1,
caractesizado ademés porque comprende adicionaimente el paso de ajustar &l
valumen del amortiguador de aine anles del paso a} madiantes lo cual ss hace
coincilir de manera mas cercana del volumen en el amortiguador de alre con

el wolumen en el eapaclo Interlor.

2
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WHAT IS CLAIMED IS:

1. A method during a cleaning procedure of detecting proper connection of
a (st connection Lo an cndoscope port, said port leading to an intcrior space beneath a
sheath on the endoscope, the method comprising the steps of:

a) pressurizing an air buffer, which is connected to the endoscope port 10 8
predetermined pressure in excess of a pressures in the intorlor space;

b) ixolating the air buffer from the test connection with an isolation valve;

¢) opening the isolation valve and measuring the pressurc of the air buffer;

d) if the pressure in the air huffec has not decraaged by a predetcrmined amount,
determining that the test connection is not properly connected t0 the éndoscope port,

2. A method according to claim | wherein the volume of the air buffcr is
between 10% to 300% of the volume of the interior space,

3. A method according Lo claim | wherein the volume of the air buffer is
between 50% 10 200%: of the volume of the inwerior space.

"4, A method according to claim 1 wherein the volume of the uir buffer is
between 80% to 120% of the volume of the intcrior apace.

S. A mcthod according to claim 1 wherein the air buffer has a fixed
volume.

6. A method according to claim 1 wherein the predetermined amount in
LN
stop d) is betwoen 9% to 91% of the predetcrmined pressurc.

7. A method sccording 1o claim 6 wherein the predetermined amount in
step d) is between 25% to 75% of the predetermined pressure,

8. A method according to claim 1 and further comprising the step of
informing a user of the determination that the test connection is not property connccted
to the pont.

A-
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A method sccording 10 claim | and further comprising pressurizing the
air buffer whilc it is in fluid communication with the intcrior space and then prior to
step ©) venting pressure through a vent locatod betwoesn the ixalation valve and the test
cannection.

10. A method according 10 claim 9 and further comprising after step d)
repressurizing the intecior space o between to a pressure over 240 mbar and then
perfarming a leak test on the interior space by measuring pressure degradation therein
over time.

11. A method according 10 claim 1 and afier step d) performing a leak test
on the interior space by measuring prossure degradation therein over time.

12. A method according ¢o claim | wherein step b) occurs prior to step a).

13. A method according o claim 1 wherein & model designation of the
endoscope is entered into a control system and wherein that information is verified by
comparing the pressure in the air buffer during step d) with a known pressure expected
for such model designation.

14, A mothod according to claim ! and further comprising the step of
adjusting the volume of the air buffer prior 10 step 1) wheseby to more closcly match
the volume in the air buffer to the volume in the interior rpace.

Caov prnvidad by UBP YO fram the IFW imana DAsabess on GWF /3008



ASP-5035

SO

ABSTRACT

A muthod detecis proper connection of a test connection to an endoscope port
which leads to an interior spacc bencath a flexible sheath on an endoscope. Both the
interiar space and an air buffer are pressurized and then isolated from each other.
Pressure in the interior spuce is vented and the isolation is removed. After the pressure
settles out the new pressure is compared with the first pressure. If it has not deopped
substantially it is determined that the Lest connection is not properly sttached and the
interior space is in fact not being pressurized.
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