| NTRAUTERI NE PROBE This invention relates to an intrauterine pr %VE§§$Cﬁ*]
suitakle for use in nmonitoring conditions during |abour, i.e. the con

of the fetus and also the condition pf the nother. The de5|rab|I|ty of
nmonitoring fetal heart rate (FHR) an |ntrauter|ne pressure (1UP) during a
difficult labour js well known. In practice, |UP has been neasured
using a pressuré catheter, and a separate device has been used to nonitor

FHR. G@NﬂRﬂUﬂERﬁﬁﬂ?ﬁﬁﬁﬁ@een nmoni tored by recording the vol tage between
two el ectrodes of wnictronmedis in the formof a body clip and t he ot her

(the "indifferent "Thirs "irpfeRtEIIe rel £ OS)an 511‘?%@61?1?1 fogéSttQﬂfrzgh

fromthe clip in contact with surrounding tissue (usua ernal)

clipis aﬂﬁacmaanbkduufqrMUSaﬁldlmbﬁiﬂdthngwﬁdﬂuiéﬁoﬂﬁf%ﬁ%ﬁﬁ? fPibour,
delivery. . Normal |y, therefore it s a scalpclip ip1Is
necessar i ly §-nvaddiey g anslitthion etffuthearfibtives aml i Nwetie/ cdaiOLén "Sf the
nmoni toring during | abour. It is desirable clinically to carry out fetal
m)nitoring'o L - ner but this is unlikely to be achieved unl ess the

rocedure can be e nore acceptable to wonen. It would al so be desirable
Itoo devi se a systeﬁ"\ﬁn id idya ife momR tondng fetFladienrt tmatee NEFHR Dr ed

W t hout t ne ke separate tr agi nal insertions. According to

one a‘spec??ld ﬁﬁ' ﬁﬁf‘e %\ggﬁﬁ%ﬁ ?tlfﬁ’r)e%f%\uﬁr I(Pﬁ(fﬁleiarﬂg’rollrjﬁr rl\ﬁ}]@?ﬁn‘ neis
robe for i tgrishg the ndition.o
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pressure catheter, and a separate device has been used to

~ monitor FHR. Generally, FHR has been monitored by recording
the voltage between two electrodes of which one is in the form
of a body clip and the other (the "indifferent" or "reference"
electrode) is spaced a short distance from the clip in contact
with surrounding tissue (usually maternal).

The clip is attached to that part of the fetus which
is presented for delivery. Normally, therefore, it is a
scalp clip. A clip is necessarily invasive to the fetus, and
is a disincentive to routine monitoring during labour. It is
U desirable clinically to carry out fetal.ménitoring routinely

but this is unlikely to be achieved ﬁnless the procedure can

be made more acceptable to women.

It would also be desirable to devise a system which-
would enable FHR and other factors to be monitored without the
need to make separate trans-vaginal insertions.

According to one aspect of the present invention,
there is provided an intrauterine probe for monitoring the

'condition -0of the fetus during labour which comprises an

elongate flexible, fléttened body member formed from



-2- electrically insulating material having a rounded distal end and havi ng
at least one electrode located in one flat face of the body nenber,
said " body nmenber being suffici§$tly directionally stable to be
insertable into the cervix and capalft € of being guided around the fetus

w thout tw sting and having a bending stiffness about an axis transverse to
the 2 plane of the body nenber of between 1 and 10 nega Newtons/[err] and

(1 o1 eadh e, Do INE D 1 W RS0l a2l 1

close proximty w fetal SKin. era
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‘resilient foam material having non-conmunicating cell's an ave a

rounded URBRY SWIEBLE ehBFL0SS- $RGld Obody eihnidmbdy eIy ar s @és i @ASHt 10
el ectrodes spaced longitudinally, and the geonetry of the portion of

i nsul ati ndirsiorionaligt wetiable @edd disertyble B (4ed . ddrvise, and hin
electrolyte filmof amiotic fluid is trapped between the fetal skin and
the area clapabdlee lodt Wedmd lgmidedctarmasl thHe ferwbevithyut bevistiigeghdai t h
a distal electrode and/or a group of electrodes, the el ectrodes being
spaced ov&avindi standendiineh stiyffness iabaulf farciaxis tranmsemsss tde fhet al
head and neck, and in a probe having a distal electrode and two or norz
addi t i onl PdRE& ofddhe Sedvemember @fodptwaan shanhd0 mraawedfevtons /mi st al
el ectrode nd _the proxi mal addjtional electrode is preferably greater
§E§C|

that the T e QTSRS B eSteade Rednh RN tRG U thR hedhdenben|sQ

i nsducer.. C sl ;
' ncl ude at%%%?%%r%a%r%e qn Cclose proximity with fetal skin.

~ Preferably portions of the insulating material
bounding the or each electrode are formed from a resilient
foam material having non-communicating cells and/of have a
rounded upper surface in cross—section.

Preferably there are at least two electrodes spaced
longitudinally, and the geometry of the portion of insulating
material between the electrodes may be such thaf, in use, a
thin electrolyte £film of amniotic fluid is trapped between the
fetal skin and the area of probe between the electrodes.

\/ | _ The probe may be provided with a distal electrode
and/or a group of electrodes, the electrodes being spaced over
a distance which, in use, is sufficient to encompass the fetal
head and neck, and in a probe having a distal electrede and
two or more additionl -electrodes located 1in a. group, the -
spacing between the distal electrode and the proximal
additional electrode is preferably greater that the specing
between the electrodes in the group.

The probe may also include a pressure transducer.

The probe is preferably used in connection with a



The probe is preferably used in connection with a -3- processor which
is adgpted to distinguish between signals‘representing fetal heart rate
and maternal heart rate. W have fo%nd that consistent and reliable signal
detecti on can be achieved using the~probe according to the invention, which
Is at |east conparable with that froma conventional fetal scalp clip

el ectrode. According to another aspect, the invention provides a nmethod of

moni t or i ngrbebabolearh i EAt ©18ULHAB ALY WIieh SRR SBELALLO0US g Nt O
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the cervix an intrauterine pro onprisi ng an €longat e, EXI

flattenedropsysanebpy fotaRdnbhe® ehee! hhtAhlaterisy! AbhRg gREerial having a

rounded di stal end and having at | east one el ectrode | ocat I'n one face of

the body nenbewe haeed £badd ®RERCConRSist@nt awhfi ¢b89kbYe signal
directionally stable to be insertable into the cervix and capabl e of being

gui ded ardebecthenfetas wbéhavhitwedt usdnangdhbayireBeaabebdinbgst itbf ness
about an axis transverse to the 2 plane of the body nenber of between 1 and
10 nega Nemvemtidmyr]whicki nijst hatplebetacomperabdef @ith WechhAtt hgremeckr ode
towards the fetus, the or each el ectrode being nounted in the body
menber socemEentiorah fetah scaip plapi milegtwotR.fetal skin, and anal ysing
the signal output fromthe electrode and a reference el ectrode by
di scriminating t RCFR¥AINGRPt aRaERFr 8APERE  natBenanvantionr rrevadeshe
basi's of gééﬁgéengf i&%§§¥@¥$n§ig?S%aY‘ﬂ%Qr%rrgigqgﬁggﬁg labour which
_ comprises introducing into the cervix an intrauterine probe
~— comprising an elongate, flexible, flattened body member formed
from electrically insulating material having a rounded distal
end and having at least one electrode located in one face of
‘the body member, said body member being . sufficiently
directionally stable to be insertable into the cervix and
capable of being guided around the fetus without twisting and
having a bending stiffness about an axis transverse to the
plane of the body member of between 1 and 10 mega Newtons/mz,
guiding the probe around the fetus with the electrode towards
L/ the fetus, the oi each electrode being mounted in the body
member so that it can be in close proximity with fetal skin,
and analysing the signal output from the electrode and a
reference eléctrode by discriminating the fetal heart rate
from the maternal heart rate on the basis of difference in R
wave signal width or fregquency.
' According to a further aspect, the invention provides
a method of monitoring the condition of a fetus during labour

which comprises introducing into the cervix an intrauterine

probe comprising an elongate flexible, flattened body member



According to a further aspect, the invention provides a nethod of
moni tQring the condition of a fetus during | abour "which conprises
introdicing into the cervix an inLr%uterine probe conprising an el ongate

flexible, flattened body nmenber 4~ formed fromelectrically insulating
mat eri al having a rounded distal end and having at |east one el ectrode
| ocated in one flat face of the body nenber, said body nenber

bei ng SUffbﬁhéatk¥oﬂiéQEEEg@abhlysHﬁgbgaEQnBem%@%?ﬁ%ithggﬁhgatgggﬁﬁaﬁhx

and capabl e of being guided around the fetus wthout tw havi ng

a bendingissaiffegas anlOHhviag atateask’ anevensetk8atheorheba 9h tBaebody
menber of between 1 and 10 2 nmega Newtons/[err] , guiding the probe around

the fetusfiath fheeel eftroHe t boaydsmehdelct Ussatife Bbdeachembeet r edgnlei ng
mounted in the body nenber so that it can be in close proximty wth fetal
ski n, andsebfécienylyhedduneptiionagdyl stabiet he beedhsedeabbDet aihsoof the
construction and operation of intrauterine probes in accordance wth the

i nvent i onC9FYiXbeadfparapabieopntt heingl buiided desundpthenfahdsacwathangi ng
drawings in which:- Figure 1 is a perspective view of an enbodi nent of a
probe in B¥tdE#BAceaRt hhaWénpgnyvant berdingguptiffpesps ahoutr 08B- seskisnal
view throu an el ectrode_of the probe of Figure 1; Figure 2A is a cross

h
sectionalt§$%ﬁy?ﬁ§8u§ﬂ Fg@ BL8BEe Bt hBenbef¥ eBhes; of between 1 and 10

mega Newtons/m , guiding the probe around the fetus with the
electrode towards the fetus, the or each electrode being
mounted in the body member so that it can be .in close
proximity with fetal skin, and observing the output signal
from the electrode.

Details of construction and operation of intrauterine
probes in accordance with the invention will be apparent from
the following description and accompanying drawings in which:;

Figure i is a perspective view of an embodiment of a
probe in accordance with the invention;

Figure 2 1is a cross-sectional view through an

W electrode of the probe of Figure 1;
| Figure 2A is a cross sectional view through the probe
between electrodes; |

Figure 3 is a schematic section of a uterus showing
the probe in use;

Figure 4 is a diagrémmatic exploded view illustrating
one method of manufacturing the probe;

Figure 5 is an exploded view of a pressure sensor ‘on
an enlarged scale;

Figure 6 1is a schematic representation of the



Figure 3 is a schematic section of a uterus show ng the probe in use;
Figure 4 is a diagrammtic explodedéﬁgem/iIIustrating one net hod of
manuf act uring the probe; Figure 5 i n expl oded view of a pressure sensor
on an enl arged scal e; Figure 6 is a schematic representation of

t he connection of the electrodes to a signal processor; Figure 7 is a

typical trouimetiadmod ihd didlctruhdPies 2l s a1 PeSssor; Referring to
the drawings and in particular Figures 1 2 & ZA, the probe conprises an

el ongate body 1 almigurd) t70 5G& @Ripidall Ard@HHowind's St SS&M | ang
Figures 2 & 2A, the probe has a flattened configuration wi th rounded edges
5 2, hatredngdndremlrty bidadis .upper and l'ower faces 4,5. Typically, the
probe is about 1 cmw de and about 3 mmthi ck. A flexible printed circuit
board 6 carries spaced el ectrodgs e.g. of stainless steel 7, 8 9 & 10 each
having a doned head 11 and is engapsulated in a flexible plastics 10
potting conpound, such as a 2-par\ pol yurethane conposition. The di nensions
and inherent flexibility of the pl\astics material are such that the probe
takes up the position shown in Figye 3 when inserted in the uterus. The
particul ar potting conposition enpl §yed was a 2-part pol yurethane -




15 conposition obtainable fromEmerson & Cumm ng Ltd. 866 Uxbridge Road,
Hayes, M ddl esex, under the trade name CPC 19 flexible polyurethane potting
conpound. Probes having a stiffnesg,(Young's Mddulus) in the range of 1
to 10 neganewtons per square nmetre are suitable. 20 As shown in
Figure 2, the doned head 11 of the electrode 8 is effectively shrouded by
rounded portioens 12 & 13 of the insulating material of the bod¥ﬁ The
surface of the ddimefiepoidnigotolthie 85asirgandndl iy partheudak FiigdHe asl t he
flat face 5 of the body. In use, this ensures that 25 amiotic fluid is
squeezed out2 tfo ZPor rhhe ti PPe| eePPEIReS 13N LeURsR PRéYeleeliUte 40 &R
the reference el ectrode when the grobe i.s suitabl ¥ | ocated in relzgt&j‘ O'PAtO
the uterine 3P €BFviBaltatd}slengths cafrHLLRENSPREN B JEOF TS5 the ’
el:@etrodes are spaced so that_.t disjal electrode 7 is,spac fr he.

ot Mer electﬁﬂﬂ%§8§? ® B3302 f%é?ifﬁﬁ)sﬁ%ﬁthggfa e Hﬁéﬁaﬁéggﬁbix§§ €S
electrode 7 and jts arest o] i ter n

i nter-el ect r%’de jspgcr:ﬁqflgg|%§1'l ﬁ%ig%ugﬁgﬁ' e?@%%gdgsmg, lé)‘{l&ggo.gggggcaﬁ'sg' of

s greater apachRe1yne GECHLAR 714 Sagel ol | unUipthasahle JREeE eachn

el ectrode. ver, as e described bel ow, the signals detected by any

pair of el eciypdrs mex Peeusedd pritPesdréigcuie bbBra 6Tharyiad Bpalded
bet ween el ectrode 7 and el ectrode 8 may typically be 8 to 12 cns, while the

inter-el ectrollecepadiesye.g.tdf gtaiplels=slstdeDdes &, 9 &&100 eamsh he vifrog

exanple, 3 to 6 cns. = As the birth progresses, the signals detected by

each el ectrcoalelomed head 11 and is encapsulated in a flexible plastics

' 10 potting compound, such as a 2-part polyurethane composition.

The dimensions and inherent flexibility of the plastics

material are such that the probe takes up the position shown

in Figure 3 when inserted in the uterus. The particular

potting composition employed was a 2-part polyurethane

15; composition obtainable from Emerson & Cumming Ltd. 866

Uxbridge Road, HaYes; Middlesex, under the trade name CPC 19

flexible polyurethane potting compound. Probes having

a stiffness (Young's Modulus) in the range of 1 to 10
meganewtons per square metre are suitable.

20 As shown in Figufe 2, the domed head 11 of the

electrode 8 is effectively shrouded by rounded portions 12 &

13 of the insulating material of the body. The surface of

the domed portion 1l lies substantially in the same plane as

the flat face 5 of the body. In use, this ensures that

25 amniotic fluid is squeezed out to form a thin electrolyte

film between the eiectrode 8 and the reference electrode

when the probe is suitably located in relation to the

uterine or cervical walls.



may vary in strength and the signals may be processed by 15 sel ecting, at
any ope time, the outputs fromthe pair_ of electrodes which give the best
signal~ In contrast with the experienceg of scalp-clip nonitors, the quality
of the signals obtained fromthe probes of the invention often inprove as
the birth progesses. This is 20 bel i eved to be because the probe is

pressed more firmhy 898! B8t 5bOR beBK §i0ack 35 the Lebol B8ad RRSSEsaLEAO

the birth canal. Referring again to Figdre 2, the portion of insulating

material surpgupgiy {Rg 8h8t0US e BBYoliR fOMPdshhamE Ffom YL dne AT
or closed cell foam These portions 15 & 16 are shown in cross hatching

in Figures 2efe2hroaddi 8,My &Nal.e thgsphORGAHehleRi@SSeEhbeds dtahety
against the fetal skin while still mnimsing the effective

' eifpct rol yt ebetivden i xkaessdeManahaci tsenobrebe pnearisdée s usd ietit éh
Figdure 4. The electrodes 7, 8, 9 & 10 and also a pressure transducer 19 are
attachéd to ahpni nhed ititexHdl dmtaicdiet.spaddosy dirb the groupl ofieeleondudéesr
strips linking the electrodes to a multifilament cable 20 which is
connect ed t o8a $réocdddsor Feeausegofecl 65 . gredbrpveapanting thwe gracksede Way
include a digital display unit but may incorporate an oscilloscope and a
chart. recordéf gasersholin)used@s ihe mptereBcanglegtrodeacliQmereserddes
are encapsul ated in a potting conmpound_to forma shaped probe bodéﬁhavi
g

. g
the confi gur YiildnPendfAcribefghelews, thegsrangds AgFarhgdpbywaBY BRpEr°and

| ower electrodes may be used for measuring the FHR. The spacing

" 10 between electrode 7 and electrode 8 may typically be 8 _to 12

cms, while the inter-electrode spacing in the group of

electrodes 8, 9 & 10 may be, for example, 3 to 6 cms. As

the birth progresses, the signals detecied by each electrode

may vary in strength and the signals may be processed by

15- selecting, at any one time, the outputs from the pair of
electrodes which give the best signal.

In contrast with the experience of scalp-clip monitors,
the quality of the signals obtained from the probes of the
invention often improve as the birth progesses. This is

20 believed to be because the probe is pressed more firmly
against the baby;s back as the fetal head passes into the
birth canal.

Referring again to Figure 2, the portion of insulating
material surrounding the electrodes may be formed from a

25 unicellular or closed cell foam. These portions 15 & 16
are shown in cross hatching in Figures 2 & 2A. This may
enable the prbbe to be pressed less tightly against the

fetal skin while still minimising the effective



nmoul ds 22 & 23. A foami ng agent may be introduced into the potting
conmpogi tion, or into a portion which will formthe 15 parts 16 & 17 of

t he probe body (see Figure 2). The mni @n nunber of el ectrodes in the
group 8, 9 & 10 is one but the nore electrodes are present, the better the
chance of maintaining good signal quality during birth. Generally 2 to 4

el ectrodes ingjBergb0yPetr ¢ilaua dektess, satisfactory. The group of
el ectrodes are preferably spaced over a distance sufficient to enconpass

the fetal head andiditekaceuge Hf It9AStpPEBUL i §1Rudtid €88! ¥nSFigulR UTs.
Interel ectrode spacing is generally less than the di stance between the
el ectrode neamsteldwetibfesi 7¢. 8259 & EbOehdosles8, aapdekiard Yrdnedeekirode

7. This distance is comonly about 15 to 20 cns, e.g. about 18 cns. At
pri@fent, the 1% efieerad temiiéeqgutat hopriintedi sialcul ecboadd 5.and Bbaed 6
equal | y-spaced additional electrodes 8, 9 & 10. The interel ectrode

spaci n® bei ndreboides sandinet ohe stypipHg fimdr nde thist all esttoredede th8 ans.

In use, therefore, one at |east_ of the group of electrodes 8 9 & 10 is to

a | arge extemuleyfihdament qable 20| ghsichynis gponpecdietttrode Py Pcelsor

group wil | bgéusef ul , depending to sope extent_on the |length of the fetus,
no

and f et al &N LFYRE @ hrser AU enlent iy, the (REPOLSERE ManttiBasuden
h AN utilised.. A b f . the i ti b d.f th
time at G0 @ hartatTEEniak haRE, Burodtaw TEdprBorEfe 8 FRESgniiEore”
inserted aroynd the {1634 PelSFKePl (hi3% THldend"d ' VA ESit board 6 and

U 10 at;ached electrodes are encapsulated in a potting compound
| ‘to form a shaped probe body having the configuratibn shown
in Figures 1, 2 & 2A by moulding between upper and lower
moulds 22 & 23. A foaming agent may be introduced into the
potting composition, or into a portion which will form the
15° parts 16 & 17 of the probe body (see Figure 2).

" The minimum number of electrodes in the group 8, 9 & 10
is one but the more electrodes are present, the better the
chance of maintaining good signal quality during birth.
Generally 2 to 4 electrodes in the group are usually

20 satisfactory. The group of electrodes are preferably
spaced over a aistance sufficient to encompass the fetal
head and neck, e.g. at least about 5 cms, typically 5 to 15
cms. interelectrode spacing is generally less than the
distance between the electrode nearest the tip, i.e.
25 electrode 8, and the distal electrode 7. This distance is
commonly about.ls to 20 cms, e.g. about 18 cms. At
present, ﬁhe preferred configuration is a distal electrode 7

and three equally-spaced additional electrodes 8, 9 & 10.



its lower trunk, and the flattened shape ensures that one face is stably

orienrg_eﬂd in contact with at | east the hegd of the fetus. The intention
is that the probe should be 15 insertdd to the extent that the distal

el ectrode is on or adjacent to the lower trunk of the fetus, while one at
| east of the group of electrodes is in good contact wth the head or neck

of the fetus Theednkiegwlectirode Apazilndf Pe iTiA@DdRL |52 t in
Figure 3, the fetus' head and neck 2(')‘@t Wi ﬁgabe presstelgwég&e{lmns‘{ﬁgth %%g

el ectrodes 8fromgthe distadbelafctineid M&Endmen in its preferred form

I ncludes a pressure sensor specifically to neasure Intrauterine amiotic
fluid Pressure (1M uFke |bbattiohovk.t hbeesatsoleiassusl tdwé Ghewei bie at
which TUP is rIeasured is both 25 reasonably well known and unlikely to be
iriiiuenced b¥ e8afise?. & 1By igofor astlafgd expeessuresiwaddeter, at

pressure trarin_sdu er_and ?th r sensors operating as mniature |oad cells
(for ce sensor $F For°tR e ntﬁ‘r‘r’e sirrbEPegscdn Hhe guoupomsitkLchedusefyl,

cheaply. Prefe UP sensor, 19 is located at or close to the distal

end of the pr o%%?‘l&/iﬁ]gt%)n?grmﬁale’&%ﬁgfrBE,‘t t&® ikergblnofn thiegfiet ¥s andnd
coAlnl ccs ot sy pRoVEReit Mgy n ot 4 O om PPABEIBAE: EHOIOE othe

stainless steel), but Is preferably nou

ABS pl ast i c) e2adt 56888 thNEha §2BLbL! §Y§h BL' Akj e (sensor) 31. The
output fromthe strain sensor |§s C nnegtleggt gk?ﬁgggrgi’nt ed circuit board 6.
Overlying the bask pabbiecbf $ha&) invention can be used from the time at

10 which the cervix is dilated to, say, 1 cm.  The probe is

\
inserted around the head or neck of the fetus and towérds
its lower trunk, and the flattened shape ensures that one
face is stably oriented in contact with at least the head of
the fetus. The intention is that the prébe should be

i5- inserted to the extent that the distal electrode is on or
' adjacent to the lower trunk of the fetus, while one at least

of the group of electrodes is in good contact with the head

or neck of the fetus (see Figure 3). At a later stége of
labour to that shown in Figure 3, the fetus' head and neck

— 25 will be pressed against the electrodes 8, 9 & 10.

A probe of the invention in its preferred form includes
a8 pressure sensor specifically to measure Intrauterine
amnjotic fluid Pressure (1UP). The location of this sensor
is such that the point at which IUP is. measured is both

25 reasonably well known and unlikely to be influenced by
unknown causes. By contrast with a-pressure catheter, a
pressure transducer and other sensors operating as miniature

load cells (force sensors) for use in the invention can be



10 assenbly 33 conprising an annular thin film nmenbrane 34 which

suppoils arigid plastics disc 35. The pressure sensor is conpleted by a
seal i ng ring 36, which nay be noulded I®.a rigid plastic e.g. ABS, or in a
soft rubber- |like material,. over the base carrier and may include a grid 15
structure to protect the nenbrane. In use, variations of IUP will cause

the di sc 35 tPHIVISGHRAREY afldedtYardl y, thus applying nore or |ess

| ovent | on provi dedf SR s oLF opeagor  1bnas dosareont oF Gliwe to
Ve A i LSS B o FOBR L0 DT LTRRILSIN! S g rl
Chaf 10 1 G LAOE) gy RIS W U, S,

could be usedhd OndEAcl: (B 68" In IWORRLNAETLA Qled AIDELE! Wi Y| 3bLAN i

during contraction, and/or an optical sensof which could be used to ect,

say, neconi urpadEl bt @bu i 8@UEPEMIBN als@Y @lsS Mty ib3ed ed§. aABS plastic)
trans- cut aneous oxi neter. For use, a probe of the invention is in '

connecti on wdnd asppPSEcHd andadtipedyrneanainAgaigaan@imsdr f @l.. The
processi ng and di spl aying the output fromthe probe is shown in Figure 6.
Typi cal tracesappotufednbitiee cdhtara inesenderr denrsmimelcbed tot bha prdbeted
accordance with the invention are shown i.n Figure 7. The output fromthe
el ectrode paiesricstizk nbeaurd ®f nat @var laningetdle heaste reaesigx is an
backgrognd ' noi se' _ . .
10 assembly 33 comprising an annular thin film membrane 34
—/
which supports a rigid plastics disc 35. The pressure
sensor is completed by a sealing ring 36, which may be
moulded in a rigid plastic e.g. ABS, or in a soft rubber-
like material, over the base carrier and may include a grid
15, structure to protect the membrane. In use, variations of
IUP will cause the disc 35 to move inwardly and outwardly,
thus applying more or less force to the strain gauge 31 via
a contact button 37.
A probe of the invention provides a single device for
/ 20 the measurement of those criteria which are presently
considered to be important for the good health of the mother
and her baby. The probe can also be used, without
changing its essential function, to measure further or
different parameters; for example, there may be a
25 - temperature sensor which could be used to detect maternal
hyperthermia or temperature variation during contraction,

and/or an optical sensor which could be used to detect, say.,

meconium and/or fetal blood oxygen levels when used as a



deriving fromother nuscular activity. The specific processing to

di stipguish the maternal and fetal E 10 conpl exes takes advant age
of th&=differing norphol ogi es of each. | Results with the invention have

denonstrated that the relative anplitudes of the fetal and materna

conpl exes dukiBgsactk¥BRBoLADYL; e unpr edi ctabl e but the neasured width of
the fetal complex is consistently less than that of 15 t he mat er nal

conpl ex during theogaiBel, 28R0pEobe HeNERe $hLBREiOhEIHERRY HARBLE BA LSER
recognition of the spectral .conponents (anplitude and/or phase) arter

Fourier tranaf peaebsebrobnaadispap! weand. ARNRSEah{eRdhitalfRALE8EBssing
recognition in real time and/or by retrospective analysis 20 can be

applied. Al ahdugdhsphayfieatalthiecauit puat ef rso g nigthe CHPODE abw@uawheiheeegakéed
unffluel y by the neasured width of its 'R conponent, a conbination of R
wave w dth reecognTypdrailn taees i aduaetihbgoapais a s 6nreicor &e 1stapate agter n
can be_used to separate unanbi guously the fetal and nmaternal heart 25

rat es Fron1eé@haoPWQbQﬂﬁPfaggpmﬂﬂQFQUMchomhﬁ inventhion waye d¢hoss in
signals recorded by_the el ectrodes processed in order to provide separate
di spl ays of ELRUERdD’MHR Thegetheyt Lropthenelegtrodet pahsd fsom misthnge

sensor and ot her sensors at ] east. The display is visual, e.g.. on a
screen, but ? rﬂqﬁffﬁ?zoﬁgg(é%?%ﬁopﬁﬁfﬁﬂﬁﬂ?e?e&&QRQa?W9F°B§duééﬂl@ﬁ6

oLner 01 2Pl Yot NEGESP Dther pRRLSIIAL Mol be © B GSsRdy
L\g;?l moNi 1 0h 3 olle¥B Y Ct & h%i@ﬁ@&&igyp €R8 bRaRLETHY ednd" EDELNOT BB,
—/ 10 complexes takes advantage of the differing morphologies of
each. Results with the invention have demonstrated that’
the relative amplitudes of the.fetal and maternal complexes
during a given labour are unpredictable but the measured
width of the fetal complex is consistently less than that of
15 the maternal complex during the same labour. Hence, either
frequency domain pattern recognition of the spectral
components (amplitude and/or.phase) after Fourier
transformation of each complex, or temporal/spatial pattern
recognition in real time and/or by retrospective analysis
20 can be applied. Although the fetal heart rate signal cannot
always be recognised uniquely by the measured width of its
'R' component, a combination of R wave width recognition in
conjunction with comparison with a stored pattern can be
used to separate unambiguously the fetal and maternal heart
25 rates from each other and from background noise. 1In this

way. those signals recorded by the electrodes processed in

order to provide separate displays of FHR and MHR, together



Figure 6 shows an arrangenent in accordance with the invention for
processi ng and di spl ayi ng the signals detected 10 by the probe. Signals
from Utfe el ectrodes are fed to a mJIti\-ZhanneI ECG anplifier and the
anplifier output conpected to the processing equi pnent via a patient

I solation link such as a fibre. op i% cabl gl PThe transm tteﬂ si%nal S are
re- 15 anliitti dheafateneRtpABEE) Tr8™, thieg HXP §EPECE o PP NP ERCFORTREPES t he
signals and sel ects . the st .signal s :f.r omiany, pair. of el ectrodes. T,

sel ected si gl ?fegsﬁassegﬁﬁi glg%g{&ya 1§ $rE S 2 B8 '\}vi%t%c%?‘?‘?'erb%% A | ow
pass filter Q establish the iso cirj N f

feed- 20 %&‘éﬁk &uol%? [ Sgalgesce %‘gt%réﬁgkﬁr gvé;cgéa%&%?awg‘ig E%Ealrnsq%(?il fttl?/

monitor to- eRabl t e 3hANAl ns) epLomdQesehegh ST ONRLE AR OBPL S Ao

qu’ity of fet eart “si ntent as we as signal strength. Af ter

processj ng by, -dReECEaPabt8iNne8eeI8i5hat HABt tubheafii gPal Radéecsmpat sbed by
an ECG R wave 25 width discrimnafor into the fetal and naternal signals

and the out pytisHlicip PYiR€ SEmindlire: L Efe € 5PhaY i WRIXS £ ruif 'wiRBcHi gh & aFHR
di splay units. CLAIM5 1. An intrauterine probe for nonitoring the

condi ti on of anlde 1Det dandbei pgesahted Whi thecanpmiadesvagn el ongate fl exi bl e,
flattened body nenber formed from electrically insulating materi al
havi ng a rounded digtwde énchands hawiayranglegesnt ohe atcordaded ocktledtha
one flat face of the body menmber, said body nenber being sufficiently
directiona||§nvention for processing and displaying the signals detected
| 10 Dby the probe.
~ Signals from the electrodes are fed to a multi-channel
ECG amplifier and the amplifier output connected to the
processing equipment via a patiént isolation link such as a
fibre optic cable. The transmitted signals are re-
15, amplified and then passed to a signal selector which
monitors the signals and selects the best signals from any:
pair of electrodes. The selécted signal is passed via a
data store to a band width filter and a low pass filter (to
establish the isoelectric line for the wave form). A feed-
v 20 back to the signal selector is provided via a signal quality
monitor to enable the signal selector to select signals on
the basis of quality of fetal heart signal content as well
as signal strength. After processing by an ECG pattern
recoénition unit, the signals are separated by an ECG R wave
25 width discriminator into the fetal and maternal signals and

the outputs displayed on rate meter display units, such as

digital display units.



stable to be insertable into the cervix and capabl e of~betng—guided around
the fetus wthout tw sting and havi ng\% bendi ng stiffness about an axis

transvVerse to the plane of the body 2 er of betwe ﬂm m(,mm?m,
Newtons/[err] , and the or each el ectrode being nount 4 Lber
so that it can be in close proximty with fetal skin. 2 A probe 5 *
accordi ngCraIMsaim 1l in which portions of the insulating materi al
surrounding the or each electrode are fornmed froma resilient foam materi al
havi ng non- communilcat iAmy ioettraut&rine Aprebebfoncnoniltogihe thei coadeeichai m
2 in which portions of the insulating material bounding the or each _

el ectrode Havdhe r flathhsl Uppeinasuriakeur n whbsh- seonpoised. anA eponbate
according to any one of the preceding Cains which has at |east two

el ect r ode 1§Fd&d® /| ofdiatierned | ypedwr degmber  formedobfromccelethyicaliyy

one of the receding Cl ainps having a distal electrode. 6. A probe
accor di ng “ﬁ'ﬁl&?e gtfatqrrpeal PR Ry epunded Aishahagnd grdupaying at

\ | des .bei d di st whi ch, | ,
Suf i é?gﬁ?eta%'*e %ff?ﬁf)%@a{itﬁ e i@??ﬁ%%ﬁi’%ﬁgﬁeti;ﬁ Qfaetcz iA'Sg o oéﬁzztslr%od'f
cceor 0ty onee 08, Tk Bgsal i Gl B bavLng ' s4sl ol ectocts
bet wveen t g @1 ale I LS B & NEn RS Bl AP L1008k 2 SLEELT 9HC BELAY

greater .
guided around the fetus without twisting and having a bending

U stiffness about an axis transverse to the plane of the _body
member of between 1 and 10 mega Newtons/mz, and the or each
electrode being mounted in the body member so that it can be
in close proximity with fetal skin. |

2. A probe according to Claim 1 in which portions of
the insulating'materiél surrouhding the or each electrode are
formed from a resilient foam material having non—communicating_
cells.

3. A probe according to Claim 1 or Claim 2 in which
portions of the insulating material bounding the or each
electrode have a rounded upper surface in cross-section.

4. A probe according to any one of the preceding
Claims which has at least two electrodes spaced iongitudinally
thereof. |

5. A probe according to any one of the preceding
Claims having a distal electrode.

6. A probe according to any one of the preceding

Claims which has a group of electrodes, the electrodes being

spaced over a distance which, in use, is sufficient to



than the spacing between the electrodes in the gro

according to any ‘one of the preceding d ains mhlch i“ﬂ' ""Hlﬁmﬂﬂ!ﬁun
pressire transducer. 9. A probe fggcording to any edi ng
Clains in connection.with a processor ‘which i s adapted to dlstanU|sh

bet ween signals representing fetal heart rate and maternal heart rate. 10.
A et hod @fcdpidLridy fxial el tand@teciduri ng | abour whi ch conpri ses
introducing into the cervix an intrauterine probe conprising an

el ongate, flexiblel. fl &t gsbdodcdmrdiig f € netly f6en ¢f ectlie captyceding

i nsul ating material having a rounded distal end and having at |east one

el ect r ode dlediatsed haviore fackistfal hel dmityode ndred , twali olr oolye neadéi t henal
sufficiently directionally stable to be insertable into the cervix and
capabl e ofelgstrpdns darahedinkn thafaunis vihepacingthetweernthe distl a
bending stiffness about an axis transverse to the plane of the body
menber of SAGKARE Al e ?rrﬁ?@‘d“%vﬁ%‘?{@ﬁ} elegikirdRy Petngr oBeeatexind

the fetus with the electro towards the fetus, the or each el ectrode being

mount ed | FHAR T WeRR the Slegrodes| PR IRy with fetal
skin, and anal ysi 5| ou romthe el ectrod d a refer nce
electrode by discr h1n éhﬁa Qgéﬂr 9 AR 19 ¢ eaﬂg?er%@? CHRALY

rate on t Qflatﬁ?é %ﬂhlchOfatﬁéJ fl ncgﬂ‘f eé n %g@%&s ng&@é%or f req_uency.. 11.

A met hod of noni toring e Co I'on of uring Tabour which
conprises introdug ng it Adies Ceddrdhg to any one of the preceding

Claims in connectlon with a processor which is adapted to

~ distinguish between 51gnals representing fetal heart rate and
maternal heart rate.

10. A method of monitoring fetal heart rate during
labour which comprises introducing into the cervix an
intrauterine probe comprising an elongate, flexible, flattened
body member formed from electrically insulating material
having a rounded distal end and having at least one electrode
located in one face of the body member, said body member being .
sufficiently directionally stable to.be insertable into the

Y

cervix and capable of being guided around the fetus without
twisting and having a bending stiffness about an axis
transverse to the plane of the body member of between 1 and 10
mega Newtons/mz, guiding the probe around the fetus with the
eleetrode towards the fetus, the or each electrode being
mounted in the body member so fhat it ¢an be in close
proximity with fetal skin, and analysing the signal output

from the electrode and a reference electrode by discriminating

the fetal heart rate from the maternal heart rate on the basis



I ntrauterine probe conprising an el ongate flexible,—fiaftenea body nenber

formed fromelectrically insulating material having a. ' bgend
and having at |east one electrode |ogaed in one fIaL‘!‘l%ﬁM@‘ﬂ gy
menber, said body nenber being sufficiently directio i st 0«De
i nsertable into the cervix and capabl e of being guided around the fetus

Wi thout t\WfSEFEexRthdeaim® aravendi ThaT ivh{des SoRbptsq@shd@xi S transverse to
t he plane of -the body nmenber of between 1 and 10 2 nega Newtons/[err] ,
gui di ng the probe ldar.ound tMetHcat sf \mdrii tdreired ethe atend o of e fRdtuss
the or each electrtode being nmounted in the body nmenber so that it can be
in close Puding takour fwbtiath siamprises coseredungindeimis pie siegralx f ramm
the eleCtgggiéuterine probe comprising an elongate flexible, flattened
body member formed from electrically insulating material
having a rounded distal end and having at least one electrode
located in one flat face of the body member, said body member
being sufficiently directionally stable to be insertable into
the cervix and capable of being guided around the fetus
without twisting and having a bending stiffness about an axis
transverse to the plane of the body member of between 1 ana 10
mega Newtons/mz, guiding the probe around the fetus with the
electrode towards the fetus, the or each electrtode being
mounted in the body member so that it can be in close
proximity with fetal skin, and observing the output signal

from the electrode.




