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MEANS AND METHOD FOR DETECTI ON OF BLOOD LEAKAGE FROM
WOUNDS FI ELD OF THE | NVENTI ON The present invention

wo edoaesse 0 a nmet hod and nmeans for detecting bPODEE2005/000960

| eakage from wounds, and to a correspondi ng use of the
means . BACKGROUND OF THE | NVENTI ON A wel | -r ecogni sed
problemin hospital care is that wounds caused by

MEANGE (RN DO MEAGD 516t iS . DETECIRI e OF BIZ00 ML EAEeRGDT DR@M | JOUNDS
cl osed and dressed, may start to bleed again. Due'to
‘the dressing by which the wound i s -covered or due to

i i nsci ous or otherw se unable to
Eﬁ%@%gﬁﬁggq&hgﬁhﬂ%% Ing, it is only noticed by the

staff and taken care of after a while. In the neantine

the patient may have | ost a substantial yol upe of
ThHeo B SSBRits AT14N PRI Fa -G 21ebT T MR O dPPRRP BAF
JAtS Qi A ;blrcﬁﬁzpvféé/kafé"oﬁﬂﬁﬁ B eM Hd st & akoki@8ponding
I's quit requently seen in bl ood di alysis. Inalife

wsav iofg tthreeatawerd . patients with inpaired or

non-exi sting renal function purify their blood from

salts, urea and other netabolic degradation products

EATKSROBE dT Bast sinvmiefics two or three times per
week. In blood dialysis an artery is punctured by a

cannul a or needle to nmake a portion of the patient's

bl.0gq _pass fvQ |l VS S, GRPAT AL USa i Wi ek twbnd
11\‘pl‘j"re|(1 i'% .Co‘%@spéjuc?i%?%%% o%t‘jsrlls ret%{i ned to the at womnas
dqaatsie@ntbybys eyt ¢ nfatsd iafertths ouigh spiceennuf ehansey tlegen
into a large vein. Mst often arterio-venqus fistula

RESIPeE 160 ESFsh iy et e B dt° £ pait enfein: Pue o
W S e lsiw?;o%y afim o of ram whi eda bl 9ab i sré @y egudytanthe

arterial cannula and returned downstream by a venous
pedriemta b icannineordciis & meEhastisl 3§ Workeke wi @ hrecognise

éﬁé“ﬁié?‘fﬁg?'¥% is only noticed by the staff and taken care
of after a while. In the meantime the patient may have lost a
substantial volume of blood. This will no doubt 'have a

detrimental effect on his or her recovery.

Another problem of similar kind is quite frequently seen in
blood dialysis. In a life saving treatment patients with
impaired or non-existing renal function purify their blood
from salts, urea and other metabolic degradation products on
a regular basis, such as two or three times per week. In
blood dialysis an artery is punctured by a cannula or needle
to make a portion of the patient's blood pass through a
dialysis apparatus in which it is purified. The purified
blood is returned to the patient by venous infusion through a
cannula inserted into a large vein. Most often arterio-venous
fistula (or a corresponding graft) is created at a patients
wrist or upper arm, from which blood is removed by an

arterial cannula and returned downstream by a venous cannula.
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froma short cylindrical plastic tube in which the

cannula is nounted. These w ngs can be used for
waewanor1g t he cannul a by adhesi ve tape to prevRer/SE2005/000960

from | ongitudi nal displacenent in the vein, fistula,

or graft. The adhesive tape na¥ accidentally cone off

and the cannula withdrawn. Inevitably this results in

AL%E% Late bl eedidng; phihdmy Remdy e tieveieys |dxtdreding

I'eeding i's not noticed and stopped at once the

flrati entshoay loydsiendr il carlge Mg turfe tofoSligodihigphlhe cannula is
dialysis patients are usyally a ] Dey, ar la b
mesntiedy| gﬁe)?eaﬁl&qseoca&%seuc%seépff?sgs%ﬁén acpd{?t?%en ggnnuse By
ddhdsTRRN kaRle 1tQ RF@Maiit bltootk oniaigiedidimahedisplacement in
di al ysi s apparatus from bei ngr lost if a cannula is

thenoeda , addisderiteal 19E IR idopd WA AFNE S s erfthiy MY

arteri al e a i S el bk FAKNOMevitabl
A SO S TSl et ont oy
tRIieS Hds@ 13eNSer idirsphisete drl deEirigypwhigidanay kérequite
aplparatsus. If the sensor, detects ,a.su denOl drop in once
Ssriegeur d f e RS o1 MPY TR0 ST bIbH THIRRIGH The

tgﬁ%g r?:cg St Sndy RS A &) V1 StqpRest Bl dhe pessonebhce dialysis

Due to the pressure drop in the venous needl e
re Hieoseniang tuseradofy carrariti he ThaH toredadtst ¢yleply atfected

correspondin ner, . .The prabl.em.qf nmnitor t blood
qyn§é‘n‘:tsrﬁ én &Sgﬁ e Bt 19 t\/leonrg ulgp nlesre?dllqﬁep r enarlggs&(?gp%%?en 0
08 Ge OBIEGHe QR N RRESHNT d tNENT N Knngbl est bf a
the present invention is to provide a nethod and. an

capparlat ds fremaRaBATHEB GO ¥ ek PR dhh Wouhdseosening
S ORI Sl Ep et Lot pauss e, PR sl ot
dppeanitien iIThd ooy deean sretdmek 8/b & meemssibe Sensor
ddiestp%csteidn%nblt%oed i'x%"#?gs?iéé oon% atk\ll\é)uanpdparatus . If the sensor
detects a sudden drop in pressure during dialysis the flow of
blood through the apparatus is immediately stopped and the
personnel alarmed. Due to the pressure drop in the venous
needle a loosening thereof cannot be monitored easily in a
corresponding manner. The problem of monitoring the insertion

state of the venous needle remains to be solved.
OBJECTS OF THE PRESENT INVENTION

One object of the present invention is to provide a method
and an apparatus for detecting blood leakage from wounds
caused by surgery or accident that have been properly taken

care of.

Another object of the present invention is to provide a
method and a means for detecting blood leakage from a wound
in a large vein upon an accidental removal of a dialysis

needle inserted through the wound.
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in a large vein upon an accidental renoval of a
di al ysis needl e inserted through the wound. Furt her

wobjeodesof the present invention will becone POWKB285/000960

fromthe followi ng summary of the invention, the
description of preferred enbod?nments thereof
illustrated in a drawi ng, and the appended clains .

FRYMMARY oBF e T IJYVEINE QM eBem tprigsanit iionvenitl orbeésome obvious
based on the insight that bl ood | eakage .of th

fabov diventtiodAew Hich ¢ U e Afettdtd S UG st 4 otﬁ?%gd?%‘ér iption
352 fod l@loq; | si 6 oy ieartdR 44 Ghtdrawing,

thlpé:ﬁg%rgr?dop |c§jzﬂl§¢é| rsgstt}}\?aﬁ%cgéorrp?iuses, at a location

aindt eheedippeadeet wHenins.s first and second ends, a

bl ood detection zone. In this application "fibre"

al ways refers to an optical fibre of glass or, nore

SRRRMReNT o TR WiBsENTaicgrial that is capable of
conducting light efficiently. Preferably the bl ood

detection zone has the formof a sharp bend, such as a

end of re than .90, .opreferabl e St 0od
Tgﬂeeﬁ’érersggl%ofl YiSoti* °fsd® ass'neaC¥J pé/ (;I.Er%{ & ilsnr%rrbe}gée?%%ﬁ a C
18hakR ePRETRARNt: fianthdritatoriedd kel tdwat doetetected by
substantially retain its formeven in absenc:

of
MOBELSITAGIf GihGe PARALRIOT i I9rEE ofS YT \iterV It et § aPF aP2T IR
icyharly.suj r ' tBbidtOs SdICha t 1 tion
lgght&éngr?t%os Elill‘ plgriugﬁgd:géaiqn J“gl%nfoh.riitJ';l’E))a;i ng sy{ktalt e, | na Wh?choca
ithhe riichiie twalde tofedrhel td duid stetasot isrcaroheends i na dpiood

contact with air_ and/or sol.id teri,age.l t.he transp ¢
dreaGtgrr imeehe 1t S\M"’]le_rfoqan%eorhff Y AR QpSPeeters o
A Yonishat &g Wi i ddre I brngo @l r fe Ahed bl 9oTlymer
detection zone is contacted with blood, the transport
maftelriight thatt He fdamad i 19 meonbicbing drighdvepf ficiently.
substantially, reduced Suah Q%O 120% P 35: % shar
%ﬁ%¥%§£§+yugh¥bkbc%ﬁ detéggléﬁ;%%hé' m p
bend, such as a bend of more than 90°, preferably more than
150°, most preferred of about 180°. A sharp bend is
preferably a sharp permanent bend that is, one that does
substantially retain its form even in absence of coercing
force. Optical fibres of polymer material are particularly

suitable for being formed into such permanent sharp bends.

In a monitoring state, in which the fibre wall of the blood
detection zone is in dry contact with air and/or solid
materials, the transport of light in the fibre will not be
affected. In an alarm state, in which the fibre wall of the
blood detection zone is contacted with blood, the transport
of light in the fibre will be notably and even substantially
reduced, such as by 10% or 20% or 35 % and even up to about
50% or more within a short period of time such as ten seconds
and even one second. The reason for this reduction is the
change of (inner) reflectance of at a portion of the fibre

wall by contact with blood which is a medium of higher
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50% or nore within a short period of tinme such as ten
seconds and even one second. The reason for this

wo e@aobi7en i s the change of (inner) reflectanceECDSEBRDS/@0960

portion of the fibre wall by contact with bl ood which
is a nmedium of higherrefractive index than the fibre
material. Specifically the change is frompractically

rEEEQ%p%@E' ¢aHEe tHfar i@l rGeRduGled Ault.hedddirfaailly the
the fibre wall 1n a nonitoring state to that of
chedgeed sr éfrbec pirare tdtcaflilyr ¢ ohalll redrliecddon oft b n
contact with blo i.n an alarm.stat ccqr dj .
CPRBIEERA! Do SO8 TP The b ien g o R 0T o HerLeri o g
szaRe eb thatf ¥ edducdidspesadcation fdtefilbire patldh.poifteions
flexible patch is intended for fixatiaon at a wound or

thalir e58i A ePNHAEN o thobdiady 18 idurRd-2 TFhé SRdird may

be an intentionally caused wound, such as a

punctuation of a vein, or one caused accidentally. The
areardifhgr thi xat iiomparmantie asprwti o4d thye tine epdticm drhepdlood
separate. The patch caonmprises a.flexib]e backing,..
dsserenan ﬁol“@sicﬁ édre & Risnglllf?r?&ﬁr?# 74 %ekfla%retguTbolre patch.

TRET Qh%ﬁhb@@t %%%%h Rreefigrabldedt e atiGh taemplitses wbund or a
I'i qui d absorbent capabl e of soaking bl ood. Preferably
drkeslinquid aBestisentcovetréndale wWeudidspdded WoRnchmaactPe an

W th the blood detection zone T b nt £rd Al i
l\%?@l’ilgﬂsgllg ﬁﬁ\?éseéjf)ggu\%e 't i%ﬁlgfhplrlgspgdr ?)?@gﬁtur?ay eof a o
oWO¥EB eRhuBerd- WeNaridatad 191, Theomeaianat ifor tfhieragdfon may be
Cotton gauze and cel |l ul ose based non-woven materials .
et qiprises 2

capersartable tASs RAEH OF PrePEPARIAF S -hd
fg'g%%g%gdbggk@%%éat ghed 149 theundersi dg of Kkl known in

t hat he side that faces the skin in a .
theuntred fstrate rafi daie paatobles . TiRe efstuetp lof thite Hah@ntGpPrises

TR Gt B LD L9 ¢ USRS, TSRy e
1ighendgdstopketf im@drial is disposed in contact with the
blood detection zone. The absorbent material, which should
have good wetting properties, may be of a woven or non-woven
kind or a combination thereof. Cotton gauze and cellulose
based non-woven materials are suitable absorbents. Preferably
the absorbent is disposed on and attached to the underside of
the backing, that is, the side that faces the skin in a
mounted state of the patch. The patch of the invention may
have any suitable form. "Suitable form" relates the body site
or dressing site at which the patch is intended to be fixed.
Most often the patch will be of about rectangular form. For
use with an infusion cannula the patch of the invention |
preferably comprises an incision extending from its
circumference in the direction of its central portion. The
inner end of the incision is intended to be disposed adjacent

to the cannula.
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Most often the patch will be of about rectangul ar
form For use with an infusion cannula the patch of

WO b@eiomvient i on preferably conprises an inci si OPCT/SE2005/000960

extending fromits circunference in the direction of
its central portion. The inner5end of the incisionis
i ntended to be di sposed adjacent to the

ALY Ct%oraq"{ %%%%M@@%%@Wtiﬁeﬁilﬁon the

invention the irmy at the patch, at
fiidate iitss fhilrody detent ian oneatiah tati Henfigurkteeh

the patch and the fibre forma single qisSpasabl e the fib
dFcte CPAGOS ﬁd‘tt&”asnocfcﬁb lgaWatn%ange%{uez Aspectoof o Hore

£ ianarigien dihg aadshe cnprdeses a short tube of a
pol ynmer or  other suitable material, preferably a

resilient material, fixed to the patch, into which

%g%&#j{})e ¥ arear%xlotq:% of 4 Jdggﬁ%é& igsefiedi APe@ion the

el protrude fromthe other end of the
gathe aRthpird o hel showmomads yoif ra tdwltynrosief opthghesuitable
openended tube is fixed at, the patch by for_ins e
H@Qﬁrﬁgilrwmr@f@aﬁkﬂcmaarlr%%ﬂaﬁc‘t’b’fdﬁtg% a]thefb’é%‘é,ﬁf the

;ian:v it 1o It s o Aset e BN Pedd o AftHenpibionetsh be
ind,” conprising a light source, a light detector, a
ipateatt echpablee dfp tei thy fa ked t &0 foFom wWeeingther end of

ressing, ap opticgl fibre bei 1 alclh%agl EoRat £he -
tg}?d %rﬁi@g ttag k?:eoﬂb‘?ﬂcc!ll ?r&{ a&%?ﬁr% he T1 g%ts’{&,%u?ce to open
dih fetgfd ars il s dodt tigd Nentsdratey fdwe ingtincecedietny.

by the detector being reduced in an alarmstate b

Msi o el ralldl Wi i om 2 dreO KBk 6 Tife Ea?ee%%f'ﬁ‘hgl.m’em\!ionf is
eeording 19,8 {drst prefefd adh apPesle Tkihe, PESRSPIsing a
I'mvention 1s disclosed a neans of the aforenentioned
kignt seord Siangl Byhappat et use arad zaatsc'pkpgq:@@@be of bglng
Qi sposabl e devige, the apparalus, SOIPTiSifg SLEFEPBLE being

attached to the patch and arranged to conduct light from the
light source to the detector in a monitoring state, the light
received by the detector being reduced in an alarm state by

blood leaking from the wound or the dressing.

According to a first preferred aspect of the present
invention is disclosed a means of the aforementioned kind,
comprising an apparatus and a single-use disposable device,
the apparatus comprising electronic means for the emission
and detection of light, in particular visible or near-
infrared light, the device comprising a patch, a means for
temporary fixation of the patch at a wound or a wound
dressing, an optical fibre for conducting the light from the
emission means via the patch to the detection means, the
fibre at its passage via the patch comprising a zone in which
the reflectance of the fibre wall in respect of light

conducted by the fibre is affected by blood contacting the
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and detection of light, in particular visible or

nearinfrared |light, the device conprising a patch, a
woremn®o176y tenporary fixation of the patch at BCTISER00S/000960

or a wound dressing, an optical fibre for conducting

the light fromthe em ssion neéns via the patch to the

detection neans, the fibre at its passage via the

theh LAY i34, aa ZPNerd fe i Cih therueid@cl agice dhdicating a

Vgﬁé'pfbre mé??n?n ?espect of |ight conducted by the

Hddkagd © faftflasicdo bys it wodt tomt Hee i R rheal Fhe ndffesing.

zone, a difference in returned |ight indicating a

| eakage of blood or serum fromthe wound or the '

M 6SS Mreflerids fHeef ks dhecHe iievaitidie isveounbad in

I's nounted in connectors by which it cgg%be d 1

qasinetents! PatiakdRdit dFFRds T ore sRAN %t § ftaghedhedirectly

|1 ghty; ang, t d 0oy ESPERY | M Yde EOcPYE,

%%gqc}l}%tlgtgl drcr}gzoi%}?? a%(gﬁ ve communi cati on with the

weiReitarve Ikhe conpecttrs hieghthesoiremyl suradabaeikend

such as, for instance, screw connectors or_coppe r

DA (Y oF 1S ST Lyl TPE TS BES s fel' Be of any

ORI 1Y NG L ldiend s SeELK | s HERRS, Heedn ddgnéotars or

further preferred aspect of the invention, the |ight

sourasE arad the | hanenefet eyRoronre! d@speddcyhinder type

housi.ng, which additionally co | ses coupling neans

?Qﬂpﬁﬁéﬁﬂqrﬁf§%1l??%h?e%%ﬂ¥% égg %hd the detector end

connectors of the optical fibre nounting neans, power

supply nmeans, in particular re-chargeabl e_or. not ,
Ao ulimgedi) < caM (83T RIS ERTEI R SHEFC anpl FRF cAEFBATion, the

g@%‘&g AN &l anm Sliéarlll‘@ diahteof {he higbbssquigea
e continuous. To save power it may al so be
Hou g t tenitgh | adavbi cénabbe ¢drep hbsss nepap Sbngompangesor

a light dul ating neans. The housi,ng fu
Wﬁfrli%gﬁéf? g]n]a‘ifhgm%‘?‘i“’f‘F%a?ri1 narh%a%%ga%%{%gﬁ%gr gpgy connectors
ek fWtical fibre mounting means, power supply means, in

particular re-chargeable or not re-chargeable cell(s),

" detector signal amplification means and alarm means. The

light of the light source may be continuous. To save power it
may also be intermittent, in which case the housing also
comprises a light modulating means. The housing further
comprises signal amplification means and comparator means for
comparing the amplified signal to a signal threshold. If the
light received by the detector and amplified falls below the
threshold an alarm in the housing is activated
electronically. The alarm may emit a sound and or optical
signal. The alarm may also emit a radio wave signal and
comprise, for this purpose, radio signal emitting means for
sending an amplified detector signal or an alarm signal to a
remote receiver forming part or being coupled to a central
patient monitoring unit or similar in a dialysis clinic, an

intensive care department, etc..
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conparing the anplified signal to a signal threshold.
If the light received by the detector and anplified

wo 20001789 ow t he t hreshold an alarmin the houBCTYgE1085/000960
activated electronically. The alarmmy emt a sound
and or optical signal. The aldrmmay also enmit a radio
wave signal and conprise, for this purpose, radio

Déé ?%T%ﬁtéﬂ" ufepRgukes sending an anplified

or S|gna or an aIarntslgnaI to a renote
recelver forntng part or being coupled to a centra
atient npnitor un| or._s

Thei MEeneR nYé ng eeéBE%r? %H ﬁ?glagéééaﬁP?VON

r&Fe dbc &1 f@eréavembbammuntb poWMiberexphaiined dmawing
nore detail by reference to preferred enbodi nents
in|vhysehated in a drawing in which Fig. 1 is a side
view of a first enbodi nent of the apparatus of the
i nvention nmounted on a forearmof a patient conprising
Fagdi§pp§abl§1@atcheandfnanftostngmbnﬁtmehn pérthﬁnapparatus
section; Fig, lais a , enlarged parti secglgn o rising
théhauspp%%b+%anPEHt8§ BPgd 1°FF rm2 ¢EonaC™?

;#g@bggaﬁfg QQEEH afdt RenerBedhgenhief Ehgﬁarl amd skation;

I's a rough sectional view of the nonitoring
unit mount ed of the apparatus of Figs. 1to 2 ; Fig. 4

enl arged parti S a
bg Ff@slslaan%n ardg oﬁ f i an%éFEgﬁavEngg% gl%pB%%%he
paeehdsntal 4y tenoved; Fig. 5is ab lo c k scheme of
the el ectronics of the enbodiment of Figs. 1 to 4,
except for the radiotransnmitter/ receiver function.

Fig. 2 is a sectional view of the patch of the embodiment of

Figs. 1 and la;

Fig. 3 is a rough sectional view of the monitoring unit

mounted of the apparatus of Figs. 1 to 2;

Fig. 4 is an enlarged partial section of the disposable patch
of Figs. 1 and 2, upon the cannula having been accidentally

removed;

Fig. 5 is a block scheme of the electronics of the embodiment
of Figs. 1 to 4, except for the radiotransmitter/ receiver

function.
DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

The apparatus of the invention shown in the Figures comprises
a single-use disposable flexible patch 1 of about rectangular
form. In the Figures it is shown disposed around an infusion
cannula 4 inserted through the skin 52 and tissue 53 into a

vein 50 in the forearm of a patient. The tip 4' of the
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DETAI LED DESCRI PTI ON OF A PREFERRED ENMBODI MENT The
apparatus of the invention shown in the Figures

w@ewpndses a singl e-use di sposabl e fl exi bl e papchsH2008/000960

about rectangular form In the Figures it is shown
di sposed around an infusion cahnula 4 inserted through
the skin 52 and tissue 53 into a vein 50 in the

ca91 HRAaM40f; sa lB%ta't%rH inThed ilunfen saf dfheednmB @. 4The patch 1
ocated in the lunmen 51 of vein 50. The patch 1

ssumwmr@s tihiee coamullaa 4 adt thee w?&%éthodh $He ka/ means of a
1S of @ edae formed dnghal o B 1t g patiedi dion 3

SFifes two opposite wings 7 , hat
d%&h%%% &M@mdﬁprMﬁﬁlwﬂnqxnll(ﬂ1uﬁaulaxqandﬂfnpm tthe central

its distal end the cannula 1 is, nmou a shor
ty-@e?r@cfnéth@ e 4 prdvildet Wi q\/\neﬁkj;snc(kh%tc%%‘%ul? 1 is
M%'e%ﬁ %p%'?o%"tt fkﬁﬂ}}&ﬂ%&dﬁb fudeha s vl Bdddimi©h wings
He Vel n om t'he "pol ycarbonate tube 14 two w ngs

((nﬁiﬂ sthooan), estierid smnealﬂgmtfﬁeﬁlmaemtelqm&f ptipy cannula 4

mhlch purified blood is . adduced fro al ys
eué’e(lﬁ‘og m Y PYhY uﬁaorbcoomr?lqﬁ?nl cat | oinyvv{l:é% wings

C]a e&ﬂéﬂﬂi‘r}sadh%lltlhﬁr showxiltd & habe 6 by which
correspon ing arterial cannula by which blood is

purrzirfifest rbé-dDOfd grA tardyrad énton ¢ tn?énqaﬂéﬁoldf%ﬁ/smparatus (not
& ggluzt in acp r@gxu‘h@dﬁ% dzhtfﬁ('ttﬂee d 4408y B2 af €1 umen;

S arm b esi ve tape, of
rmltqnaxommbv@nqsouﬂce dﬁrﬁ@;ﬁorﬁiﬂ’fg)mteﬁnc&lh&aM'eb@ y which

Adtesiyve Lape oot shown) et secues {15, son0ii 8 s

%%ﬁq:% a Al exi bl g packidy ofha Fednfireec ot yseare secured
which 1s provided along its perlpher% zone 5
g

atl tthearpadhesi e dayery fathe sl easedts ,y ft tahFgophe one
Do oiF PR & P oL TS provt dod i Sevaraf P (1°F
JHRUG)S @Tatccgé&&egﬁugree dadhexd M e shiordtdnde 8rognd the
ég;§g¥gﬂilngs. The patch 1 includes a flexible backing of a
reinforce polymer material, which is provided along.its
periphery zone 5 with an adhesive layer for releaseably
attaching the patch 1 to the skin 52 of the patient. The
central portion 13 of the patch 1 is provided with several
layers of cotton gauze. A flexible short tube 8 is arranged
in the cotton gauze layers so as to extend from the periphery
of the patch cotton gauze to a short distance from the inner
end of the incision 3. An optical fibre 10, 11, 12 (Toray
Industries, Japan; @ 0.25 mm, poly(methylmethacrylate) core,
fluorinated polymer cladding) comprising a bend 10 of about
270° and first and second portions 11, 12 extending from
either side of the bend 10 is disposed in the tube 8 so as to
make the bend 10 extend from the inner end of the tube 8
facing the incision 3, whereas the first and second fibre
portions 11, 12 extend from the other, peripheral end of the

tube 8 to a monitoring unit 2 comprising a housing 20
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in the cotton gauze |ayers so as to extend fromthe
peri phery of the patch cotton gauze to a short

wodiogd/ame® fromthe i nner end of the incision PCT/SA2005/000960

optical fibre 10, 11, 12 (Toray Industries, Japan;

0.25 mMm polynethylnethacrylaté3 core, fluorinated

pol ymer cl addi ng) conprising a bend 10 of about 270
dihdpbsedt aand séctadcpoon ahe bhtiddtést dodieagnf agmwhich it

either side of the bend 10.is disppsed in the tube .8 ..

5 82°FEnRAKBYL RoDBARE LTS SWtems FRBMFL HESFnRa ot T115t
bnfhsetyhe 8ibael RYrichenisndiisi a2 3re Whakeaed he fderiral
and second fibre portions 11, 12 extend fromthe

bohes, ofefyphadaliceddmetet PartshdSs 46 @fmgmapoGasgections
%ﬁﬁ:ﬁgxggnpééikggygsﬁggﬂkqggiﬁglﬁggf%ggg%c%i@%§géggﬁgart 15,

e patien rearm on C ast ene
bsacehet c80redbohbieng Femalengartbe3Bir sy afdwddwindire fixed

fibre portions 11, 12 are inserted_in central hores of
25| PRERIREF Ahl e3farfsths hopsdnIsAlp EBRNEEMAGRs Patds 33, 34

£Lée§ a@aﬁstb¥eéﬁﬁhe%'hgooglﬁa@ ERSPEERLYR BB ANy bulging
15, %, the corresponding female parts 33, 3 4 of
fhooh aneé poxedoas dfenilfgsf3the3madt phethodsSi,ng 2Go be

The female parts _33, 34 are s t _resilient to

A SEF T Ret SORRRNSETEAR! BAF S Soao! 1) PPAnEoeld ponergaply held
iderd8 PhubhfoliBkedpatt $hdéSmok6tbeihg LASEr edhien firk@ ends of
femal e parts 33, 34 and to be renoveably held there.

trheist hbsht @dd apecRadnbAPLer PAgLEANE 21¢hé2f fasceddd Rodiode 21

. 't . ’ IR
et nSrF, IRG2 AR rRE, BAbL e BRoRR o 1B dRaRR & ode
P2speespesiyvele TRedliRddi edeaddlthadphbeophabaedi2@dare

22 are electrically connected to an ener Lsing circuit
oheghtl 62 5 YnGPRARBFERI EQt PBneBPFELFENg4Circult 23 and a

sesPecting] yri Ohc@BnekectoRi 63 bpakde2bivENg CifrCulint s
23, 2 4 are powered by a dry baftery 26, which may be
e behroebds eboghd 2bgndhe circuits 23, 24 are powered by a

dry battery 26, which may be rechargeable. The signal
amplification circuit comprises a comparator that is designed
to detect a sudden fall of the photo detector 22 signal, and
is electrically coupled to an alarm unit 27 comprising a bell
alarm which is triggered by said fall of signal. Additionally
the signal amplification circuit is coupled to a radio wave
transmitter 28 comprising an antenna 29. Via the wireless
transmitter 28 the monitoring unit 2 is in intermediate or
continuous contact with a central monitoring desk 40 of the
dialysis department. The monitoring desk 40 comprises a radio
wave receiver 41 and an acoustic alarm 42 but may also

include, additionally or alternatively, an optical alarm.

The electronics of the embodiment of Figs. 1 - 3 are
illustrated in Fig. 5 except for the wireless transmitter/
receiver function. All resistances are in ohm. Reference nos.

designate:
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anplification circuit conprises a conparator that is
designed to detect a sudden fall of the photo detector
wQ2oosiogrtad , and is electrically coupled to an BEESI005/000960

unit 27 conprising a bell alarmwhich is triggered by
said fall of signal. Additionaldy the signal
anplification circuit is coupled to a radi o wave
M@ns({g)} ted1 28 ¢@pprising an antenna 29. Via the
WTeless transmtter 28 the nonitoring unit 2 is in
101 erorett Bf eswitenti nuous contact with a central

Itori desk th n

(BriRe GERRe 40 Bhrplr seehtRal BREL LB kenitE o
TR 206 0 UST j CO al Ay nNélQl:bmlil nPematsoduacondey.S.A.), minimum
additionally or alternatiyely, an optical aar The

et ront 0§ ol 1=t Yecembod? meht bf= FFHRUNGS 8375 e’
%éiusf§QJ dng E}Qnsﬁl€%§§pﬁF§@Il§f§ WAéfiéﬁﬁ Technologies,

ransmtter rece| ver function. Al resistances are in
whenA Ref €7 enge hos anddei ghatecatloode/ dry cell , 9V

101 , on/off 1 t ransf or
YL iR ode LERRE rRGEESEr [ NYE DEROMIERR 517, Aoilent
f%ﬁﬂﬁ&%%gﬁ%%ﬂCODQ@@EpératééiA\Dc iﬁ@lﬂﬂﬂérn@ﬁivﬁn§ ¥n; open-
1 = Vout 7 = ground; 8 Vin; 103, IR
@@bb@ct(wa?r@mttby w:ammeansxgﬂ%t T%cﬁnéftagﬁésoutr ;7=
2 ., 7 = anode; 3 = cathode; 104 ,
%If'l%\f%%l ode | |‘gj‘ht det ector (receiver HFBR-2412. Agil ent
Teshnahwdi £59r , ci Aot porMs 24 aswaumeieetrdnwsmguaﬁ A.),
‘opencol | ector Schottky output transistor) ; 2 = signal ny 1
@RPrises 7 w@rbﬁ%pe%denv reqy@Bcy %ﬂ‘bl?’?%‘ﬁaFeéi Pgﬁi’fta tona
4"‘?1%?1 eSJ <§Pe' ECLI ORI §S, sty A dut coppei 68S4f ol (-); 3 =
nt frequency conpensat ed operati onal
@mp4;f1rers+)(ooe) =1supply4voktamal dut;02 2, Qhng(+ip 6 = OA 3,

£n)( )3 7= OA 3, signal out; 8 = OA 2, signal out; 9 = 0A 2,
in (-); 10 = OA 2, in (+); 11 = ground; 12 = OA 1, in (+); 13
= OA 1 in, (-); 14 = OA 1, signal out. The first OA amplifies

the signal by a factor of 1.5; the second OA is comprised by
comparator circuit that compares the input signal from OA 1
with a voltage level set by a voltage separator circuit 109
comprising by two pre-set 10 k potentiometers by which either
a very low (about O V) or a high signal is obtained form OA
2; the signal is further amplified by OA 3 prior to being
sent to the signal buzzer. The fourth OA is a comparator for
monitoring the circuitry supply voltage from the DC/DC
converter that must not decrease below 6.5 V, which is the
operation limit for the DC/DC converter 102. The voltage
separation by a 47 kQ/68 kQ separator circuit 110 is used as
a reference. Light emission by diode 107 is triggered by the
dry cell voltage falling under 6.7 V;

106, piezoelectric signal buzzer;

107, light-emitting diode, green, 3 mm, EL1224SYGC LED

(Everlight, Taiwan); indicates stable operating conditions;



QA 4, in (+) ; 4 = supply voltage; 5 =0A 3, in (+);

6 =0A3, in(-) ; 7=0A3, signal out; 8 = A 2 ,
waek@gaabt7eut; 9 = QA 2, in (-); 10 = QA 2 , in PeV/SEDLS/600960

ground; 12 = CA 1, in (+); 13 =0A in, (-) ; 14 = QA

1, signal out. The first OA adplifies the signal by a
factor of 1.5; the second OA is conprised by
198NPaH Fh@L- efitGUirg tdididesomaaimse, t 138 min)p WL 13 IS OB £ 9400
OA'1 with a voltage | evel set by a voltage sgpq{ator
(Eeadilghto9 Tedman)si M@ u\p they mxdadsttefpdey cell.
potenti onmeters by which either a very |low (about 0 V)
or a high signal is obtained formOA 2 ; the signal is
rfilgr.t hen lampltirbited mheOs i3 yartiiom tiomeeiirg esanhta fioe ¥ highe
signal buzzer. The fourth QOA is a conparator.for
agsHdeatang TEROVE Y Qfi thhE SIHIAYS VATTHYE Aok 1 oo e 12
I5l5€1 SUSIoN Gt J6GH LASE ekt T4, Awhkeh 56 of it
Bﬁ%%pﬁg%ogg%gﬁ%bn Ifhit for the DU/ DC converter 102.
iBheocakleage Saparet iaut ton d aye denVies thw Jdsditat bfeen from

ci.rcyit 110 js.used as a .reference. Li 1 SSi b :
bglods fd7P 9 M ye(fwatchtemcﬁ’&%ceehegl\%llt%;‘g%ff‘gﬁq?i%%tlcal
YBIRr. Ghé ¥Yesulds ddiezeleetidat aricgnadln iwr ésend 070,
light-emtting diode, green, 3 nm EL1224SYCGC LED
tedggelrisglhe Paiagan)2 7 andHisends sieweyE atifpL to the
condi ti.ons; light-emtting di ode, orange, 3 mm

iy E@§%DF%%§C46%Verlight, Tai wan); warns for

exhausted dry cell. Fig. 4 illustrates the situation

i mredi ately after the accidental renoval of the venous
cannula in Figs. 1 and la. Blood 55 enmerges fromthe
insertion wound 54. part 56 of it is soaked up by the
cotton layers in the right (seen frombelow) flap- 9
thereby contacting the bend 10 of the optical fibre.

The results drop of reflectance in the bend 10

triggers the alarm 27 and sends a radi onave signal to

t he
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nmoni toring desk 40. CLAIM5 1 . The use of an opti cal
fibre in a state in which visible or infra-red |ight

w@2ms®ee175hr ough it, for detecting bl ood | eakageCT/sEZWH000960

wound causing attenuation of the light during its
passage. 2 . The use of claim!® , wherein the |ight
passing trough the fibre is emtted by a |light source
diarvdi ative conmmuni cation with one end of the fibre
and detected by a photo detector in radiative

conmuni cation with the other end of the fibre. 3 . The

use.of clailm 1ar9r%;;ticé’!]efieclﬂe the {ibrecd sicamiésesisible or
1bI 06d detecti dh zonhe conpri sed be a sharp pernanent

ibemdiofed Heidlitbrgasdes theowse iof, afyr oletdet ng bleod

, Wherein the fibre_ is of, pol ymer terial . Jh .
Lpakagre AP AR PULE 3 ?‘heOfphtg?% L1§ht during

det ectl. 4 a photodiode. 6 . The use of any of clains
P tg)%S ,advvherein the light source is a light emtting

diode. 7 . An apparatus for detecting blood | eakage

r a woun conprising an .opt.,cal, fj i

h
Zfs‘o e YSF r ica]ﬁ% i’om"%rquenﬁec i G5 v&%i}p{)%ea%n#%ﬁf%%gh the
fiidHee 1andral e %d}da eci gt idouash aln vieadicnmine cadiromnication
with the other end of the fibre and producin

witdrane i §he riidrmand GRIRETIYMHY ;Pet%ﬁ%,detector in
x{sgofﬁg;ej{voer SRS Yi 00 4,06, AP, delesd Ore il W@l ghdeaNSre .

ect1ng changes in the anplified signal over
time, and al arm nmeans, wherein a decrease in signal

strengt hexceedi ng, a pre-set | evel, activates the alarm.
e 54 i BT ehiSye o RGO 8 THY Gpbr agletises

Pfodd ddPelbi eSSl S odfady fd arp permanent bend of
the fibre.

4. The use of any of claims 1 to 3, wherein the fibre is of

polymer material.

5. The use of any of claims 2 to 4, wherein the photo

detector is a photodiode.

6. The use of any of claims 2 to 5, wherein the light source

is a light emitting diode.

7. An apparatus for detecting blood leakage from a wound,
comprising an optical fibre, a light source in radiative
communication with one end of the fibre and a photo detector
in radiative communication with the other end of the fibre
and producing an electric signal in response to the light
detected, means for amplifying the photo detector signal,
means for detecting changes in the amplified signal over

time, and alarm means, wherein a decrease in signal strength
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conprises a blood detection portion disposable near a
wound the | eakage of which shall be nonitored. 9 . The
wappanat’as of claim8 , wherein the bl ood det eRCT/8R2005/000960
zone is attached to a patch conprising a bl ood
absorbing material. 10. The apfaratus of claim9 ,
wherein the patch further conprises adhesive neans for
{?é iﬂ§3£tpﬂéL§@@ B&idl ctheatpad ied alato means to
andage or simlar covering a wound. 11. The apparatus
iofdictatiem e kagreref Pierd adhesi ve means is conpri sed
by a flexible backing attached to one side of the
patch. 12. The apparatus of any of clains 7 to 12,
swhenal ngdierddghtososigsim 1 hewlphos n deheceiicahefibre
anpl i fying neans, the neans for_detectin g '
QIRP LIRS 13 U 29GnBE L EREL OB P b} yC?l?rﬁ(gs alpggmg%%gt
' j . housy i geedc b pede worn by the
t%%%fg% .Qﬁgqlﬁﬂ%ﬁ%€§a§g§géd§§ claim 12, wherein the
housi ng conpri ses a power supply neans selected from
rechar geabl e or noprechar ggabl e h i zone
P tre il i 15EoneEr uier et e opdlfiersption
LONPri S85%ed Ao i 4 SphteR €deSrigermsa fiskooduabsngbingt paterial.
the housing so as to provide for optical comunication
with the |ight source and the photo detector through
spective openi NgSei ougsi 15. epappar ahdsher
L7005 e ttese Bralf JRaTaPtedy ilciganenr sbus
CONPFises Jmensivormeknel £ss erhachisgi bh bp &hsj ghap of the
capabl e of being received by, an. al arm di sposed
PR 5t eMe ¥ r'ofn @ hB2pdRPENP %%Wl%ﬁé %%%%Fﬁ?gsgowggﬁg'of
claims 8 to 15, wherein the blood detection zone is
conprised by a sharp permanent bend of the

11. The apparatus of claim 10, wherein the adhesive means is

Ny wound
ns

comprised by a flexible backing attached to one side of the

patch.

12. The apparatus of any of claims 7 to 12, wherein the light
source, the photo detector, the amplifying means, the means
for detecting changes in the amplified signal and,
optionally, the alarm means are disposed in a housing

designed to be worn by the patient.

13. The apparatus of claim 12, wherein the housing comprises
a power supply means selected from rechargeable or non-

rechargeable battery.

14. The apparatus of claim 12 or 13, wherein the optical
fibre comprises, at its free ends, means for mounting it to
the housing so as to provide for optical communication with
the light source and the photo detector through respective

openings in the housing.
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fibre. 17. A bl ood | eakage detecting device for use in
the apparatus of clains 7 to 16, conprising an optica

wo 2dose9178eans for coupling the fibre to a housP@SE2005/000960

containing a light source and a photo detector, the
coupl i ng neans being disposed H the free ends of the
fibre. 18. The device of claim17, further conprising

B5 patid Sbpardt @9doabseybbhgc@ies i B ¢ sposedhatein the
sharp pernmanent bend of the fibre. 19. The device of .
Qs G SCOMRF 1 $RF BOARS | EPRGWAIDBRRS ngr RSBIFALRNaR @ Signal
éé;?%ﬂ)f)% eofr%g{ﬁ@l r@&éf@gg.dbgoarqnglifrﬁi?dPép&QSdpﬁi:CE distance
Wi rts one Tace conprising an adhesi ve neans
fhsposiesl it segt t cunferenti al zone thereof surrounding

a central zone to which the patch is attached. 20. The

devi ce of claim 19, wherein the conbination of backing

26d P Ch CONPL i Se§rain NSE SE PRI Xt @Nned nOSf r oAEkBEn the blood
peri phery of the backing towards the centre. 21. A
et doth dor zowmi t or compal aedndly f 2 osh ke cbe BrapeEnkehRAgect the
gq¥ occur, conprising, in no particular order; .

t¥5Thi ng the device of any of clainms 17 to 20 to a

bandage or simlar covering the wound of a patient or

to a skin area surroundi ng a wound; attachi ng the
Hbpah e 1e0bTLenast SFEPRELND GBVAGE {§0Y Hespat PehpeappParatus

@fdég§ﬁﬂ§?%g%9?%gPﬁg&ﬁ%?géiﬁquﬁL§$%£?§lff?ﬁr@ﬂdﬁegﬁs for

optica using'to Ish radiative
conplLit g at honf betsees & heofisbnge eoutdeinggat lsghrceource and

and the photo detector, respectively; nmaking.the_Ligh
%d%?%%oéﬁ?§e¢?@ﬁt FBeb%OH%fg%géﬂe%@g being glsposedgaE the

free ends of the fibre.

18. The device of claim 17, further comprising a patch of a
blood absorbing material disposed at sharp permanent bend of

the fibre.

19. The device of claim 18, further comprising a backing of a
thin and flexible material attached to one side of the patch
with its one face comprising an adhesive means disposed at a
circumferential zone thereof surrounding a central zone to

which the patch is attached.

20. The device of claim 19, wherein the combination of
backing and patch comprises an incision extending from the

periphery of the backing towards the centre.

21. A method for monitoring a wound from which blood leakage

may occur, comprising, in no particular order;
attaching the device of any of claims 17 to 20 to a
bandage or similar covering the wound of a patient or to a

skin area surrounding a wound;
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the photo diode for a desired nonitoring period,
recordi ng a sudden decrease in the intensity of [|ight

waledweobE® by t he photo detector as a sign of aP®i/eE®05/000960

| eakage . 22. The nethod of cIa|n121 wherein the

wound i s one caused by a venouddneedl e and wherein the

nmoni toring period substantially corresponds to a

peri od of atehudiory ahebkppdratus pﬁaan&ceﬁtbdainm AP to 16 to

The met hod of claim 22, wherein e i_nation of
EBFcﬁaSHSHEaéﬁlﬁgd&SﬁﬁPF§e ersF%F 8?98 di ng fromthe

perlphefycbgg@fﬁﬁ the Q%%%r%n@@dowh%beu&auhqlmﬁkp&d:the
attached so as to dispose the needle in the slit. 24.

Khesieyhod estabylgh Eheint ize copgunjkatdPR Pesween the

ROPESuR LR HiEon ebbonda rospaRarint Ehekl BFCsEEYn

ngp€§t2$eiy24 further conprising triggering an alarm

by sai d sudden decrease in |ight |ntenS|t%
making the light source emit light to be detected by

the photo diode for a desired monitoring period;

recording a sudden decrease in the intensity of
light detected by the photo detector as a sign of a blood

leakage.

22. The method of claim 21, wherein the wound is one caused
by a venous needle and wherein the monitoring period
substantially corresponds to a period of infusion of blood or

a pharmaceutical.

23. The method of claim 22, wherein the combination of patch
and backing comprises a slit extending from the periphery
towards the centre and wherein the patch is attached so as to

dispose the needle in the slit.

24. The method of any of claims 21 - 23, wherein the sudden
decrease in light intensity is 10 per cent or more within ten

seconds.

25. The method of any of claims 21 - 24, further comprising
triggering an alarm by said sudden decrease in light

intensity.



